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ARTICLE INFO ABSTRACT

Keywords: Objective: Drowning is a leading cause of death. The World Health Organization (WHO) and United Nations (UN)

Water emphasise the need for population-level data-driven approaches to examine risk factors to improve water safety

Safejty policies. Weather conditions, have the potential to influence drowning risk behaviours as people are more likely

Accident . . PP . .

Death to spend time around water and/or undertake risky activities in aquatic spaces as a behavioural thermoregu-
ea .

Temperature latory response (e.g., seeking coolth).

Methods: A case-crossover approach assessed associations between changes in daily maximum air temperature
(data from the nearest weather station to each drowning event) and unintentional drowning risk using anony-
mous data from the validated UK Water Incident Database 2012-2019 (1945 unintentional deaths, 82% male).
Control days were selected using a unidirectional time-stratified approach, whereby seven and 14 days before the
hazard day were used as the controls.

Results: Mean maximum air temperature on case and control days was 15.36 °C and 14.80 °C, respectively. A1 °C
increase in air temperature was associated with a 7.2% increase in unintentional drowning risk. This relationship
existed for males only. Drowning risk was elevated on days where air temperature reached 15-19.9 °C (Odds
Ratio; OR: 1.75), 20-24.9 °C (OR: 1.87), and > 25 °C (OR: 4.67), compared with days <10 °C. The greatest
elevations in risk appeared to be amongst males and when alcohol intoxication was suspected. Precipitation
showed no significant association with unintentional drowning risk.

Conclusions: Identifying such relationships highlights the value of considering weather conditions when evalu-
ating environmental risk factors for drowning, and may inform water safety policy and allocating resources to
prevention and rescue.

1. Introduction affect families, friends, and communities; placing a substantial economic

and social burden on communities (NWSF, 2016). Data from developed

Drowning has been estimated to claim >370,000 human lives
annually around the world (UN, 2021; WHO, 2014), whilst data from
2017 suggest that >295,000 unintentional deaths were attributable to
drowning in that year (Franklin et al., 2020). In the UK, >600 people
fatally drown each year (Hills et al., 2021). Notably, the true global
figure may be up to four or five times higher due to poor reporting
practices in some countries, and difficulties associated with classifying
deaths that occur during transport or periods of flooding (Bierens et al.,
2016; Lu et al., 2010). Drowning and non-fatal water-based incidents
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countries indicate that >£106 million is spent each year responding to
drowning and water-based incidents in Australia, equating to >£200,
000 per event (RLSSA, 2017). Similarly, in addition to the onward costs
of medical care, morbidities and co-morbidities associated with fatal and
non-fatal drownings, >£139 million is spent annually on running the
rescue response to drowning and water-based incidents in the UK (RNLI,
2022). Despite substantial effort and investment in prevention initia-
tives, there were 5051 recorded water-related fatalities in the UK be-
tween 2012 and 2019 (Hills et al., 2021). Similarly to other developed

Received 5 September 2023; Received in revised form 18 December 2023; Accepted 20 December 2023

Available online 23 December 2023

0091-7435/© 2024 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:shills@bournemouth.ac.uk
www.sciencedirect.com/science/journal/00917435
https://www.elsevier.com/locate/ypmed
https://doi.org/10.1016/j.ypmed.2023.107832
https://doi.org/10.1016/j.ypmed.2023.107832
https://doi.org/10.1016/j.ypmed.2023.107832
http://creativecommons.org/licenses/by/4.0/

S.P. Hills et al.

countries (Peden et al., 2019), ~74% of victims were male (Hills et al.,
2021), whilst suspected accidents and suicides accounted for ~44% and
~ 35% of these events, respectively (Hills et al., 2021).

Despite the scale of the problem, drowning has traditionally been
neglected as a public health concern (Meddings et al., 2021; WHO,
2014). However, drowning has recently received increased attention via
worldwide initiatives such as the 2021 United Nations (UN) global
resolution on drowning prevention (UN, 2021) and the World Health
Organization (WHO) establishing an annual World Drowning Preven-
tion Day each 25th July. Moreover, with specific reference to climate
change and the extreme air temperatures observed in 2022, the impor-
tance of drowning prevention action has been discussed in the UK
parliament (Hansard, 2022). Population level research plays a vital role
in informing evidence-based water safety measures, especially given the
multifaced nature of drowning as a problem (Peden et al., 2019; Peden
et al., 2022; Stoop, 2006). Indeed, individual, behavioural, and envi-
ronmental factors may each influence drowning risk (Peden et al., 2019;
Peden et al., 2022; Stoop, 2006). For example, males may engage in
more risky behaviours round water (e.g., swimming at night, not
wearing lifejackets, consuming alcohol etc.) and contribute a substan-
tially higher proportion of drowning fatalities compared with females.
(Gulliver and Begg, 2005; Hamilton et al., 2018; Hills et al., 2021;
Howland et al., 1996; Leavy et al., 2022). The WHO outlined an
implementation guide for drowning prevention, which emphasised the
importance of research that focuses on improving understanding of
drowning data and analysing risk factors associated with different
drowning circumstances (WHO, 2017). The UN resolution also high-
lighted the value of nuanced population level drowning research, out-
lining the need for innovative data driven approaches to inform
multisectoral solutions to reduce loss of life in water (Meddings et al.,
2021; UN, 2021).

There exists a perception amongst the public and policy makers in
the UK that warmer days lead to higher unintentional drowning rates as
people’s behavioural temperature regulation response is to relieve
thermal discomfort by spending time in or near water (i.e., an innate
mammalian thermal response to high temperatures) (Stillman, 2019), as
well as people being more likely to consume alcohol in aquatic spaces
and thereby increasing risk behaviours (Hansard, 2022; Johnston et al.,
2023). As cold shock and/or swim failure are potentially causative of
accidental drowning (Barwood et al., 2018; Bowes et al., 2016; Keatinge
et al., 1969), it is notable that despite air temperature increasing at this
time of year, UK open water temperatures are usually lowest during the
spring (Holliday et al., 2008). The potential role of weather conditions as
a drowning risk factor has been investigated in specific regions of Can-
ada, with research showing elevated drowning risk on days when air
temperature exceeded 30 °C compared with days where temperature
remained <30 °C (Chauvin et al., 2020; Fralick et al., 2013). Moreover,
in Fiji, the volume of rainfall was positively associated with monthly
drowning rates (Murray and Carter, 2017), whilst sea level pressure over
the Mediterranean basin was correlated with unintentional drowning
rates in Spain (Real et al., 2021). The relationship between weather and
drowning risk is likely specific to any given country and may increase in
relevance as global temperatures rise (Sindall et al., 2022). For example,
warmer drier conditions in some countries may prompt people to spend
time around water, whereas the primary weather-related risks in other
countries may come directly from rainfall and flooding (Murray and
Carter, 2017).

In the UK, all known fatal drowning events are recorded in the Water
Incident Database (WAID). WAID contains one entry per fatality, with
22 substantive fields that are populated with information about the
victim, circumstances of the fatality, and specific location coordinates
(Hills et al., 2021). Our previous work has established that WAID meets
WHO data quality requirements and thus is a suitable basis on which to
progress to the next stage of the WHO drowning prevention imple-
mentation guide; establishing risk factors (Hills et al., 2021; WHO,
2017). The aim of this study was to examine the association between
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acute weather conditions, specifically daily air temperature and pre-
cipitation, and the risk of unintentional (i.e., recorded in WAID as ‘ac-
cident suspected’) fatal drowning in the UK. Secondary aims include
assessing whether this relationship differs by sex and intoxication status.
Such information may help local and national water safety organisations
to refine current water safety practices by helping to forecast drowning
events and deliver proactive prevention advice. This work represents the
UK progressing through the WHO drowning prevention implementation
guide (WHO, 2017).

2. Methods
2.1. Study design and setting

This study conducted a retrospective case-crossover analysis of UK
fatal drownings from 2012 to 2019, inclusive, to examine the association
between maximum daily air temperature and the risk of unintentional
drowning. This case only approach is similar to a case-control study but
uses each individual drowning event as its own control (Lombardi, 2010;
Maclure, 1991; Valent et al., 2010), whereby exposure at the time of a
case/event is compared with exposure at one or more control periods.
Therefore, all stable individual covariates such as age, sex, and socio-
economic status are automatically adjusted for in the models. This
approach is well suited to analysing binary and final outcomes such as
drowning, where exposure happens close to the fatal event (Chauvin
et al., 2020; Mittleman and Mostofsky, 2014).

2.2. Participants and data sources

Ethical approval was granted by the Bournemouth University Sci-
ence, Technology and Health Research Ethics Panel (ID: 41676). Indi-
vidual participant consent was not necessary or possible as only data
relating to people who have died were obtained and all data were
anonymous throughout. Anonymised individual-level data for all fatal
drownings that occurred in the UK from 2012 to 2019, inclusive, that
were the result of suspected accidents (i.e., unintentional deaths, irre-
spective of whether water entry was voluntary or otherwise) were
extracted from WAID. Victims could be any age or sex. Records without
a known date of water entry (e.g., cases where only the date of body
recovery is known) were removed, leaving a total of 1945 unintentional
drowning deaths to be analysed in this study.

Data reflecting the specific location, maximum air temperature, and
amount of precipitation recorded for 402 UK weather stations each day
from 2012 to 2019, inclusive, were obtained directly from the Met Of-
fice. For each drowning event, the nearest active weather station was
identified based on latitude and longitude coordinates. Weather data for
the date of fatality, as well as for the dates representing exactly seven
and 14 days prior to the event, were extracted and linked to the event
using the scipy and pandas libraries in Python (Version 3.10.5, Amster-
dam, Netherlands).

2.3. Data analyses

Control days were selected on an individual case level using a uni-
directional time-stratified approach, whereby seven and 14 days before
the hazard day were used as the controls (Chauvin et al., 2020; Fralick
et al., 2013; Wu et al., 2021). Each drowning case therefore had two
controls. This accounts for potential influences that may be attributable
to variables such the day of the week (e.g., patterns associated with
potential increased exposure to aquatic spaces at the weekend for rec-
reation or during the week for some forms of employment) and time of
the year. The weather on case days was compared with that on control
days to examine the association between acute weather conditions and
unintentional drowning risk (Chauvin et al., 2020; Janes et al., 2005).

Conditional logistic regression was used to estimate coefficients and
odds ratios (OR) for associations between maximum daily air
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temperature and the risk of unintentional drowning. Fatal drowning in
this dataset represents a binary outcome (i.e., drowned; case days, or not
drowned; control days). Precipitation was also included in the models as
a predictor to control for any moderating influence that this weather
feature may have. To avoid losing information by dichotomising data
(Ranganathan et al., 2017), maximum air temperature (°C) and amount
of precipitation (mm) were entered initially as continuous variables.
However, to aid interpretation further models were run with air tem-
perature modelled as categorical, whereby drowning risk on days with
maximum air temperatures of 10-14.9 °C, 15-19.9 °C, 20-24.9 °C, and
> 25 °C were compared with days where air temperature failed to reach
10 °C. Analyses were conducted for the whole sample and then stratified
by sex to see whether associations differed between males and females.
Models were also run stratified by intoxication status to see whether
associations differed for cases where alcohol intoxication was suspected
(i.e., either alcohol alone or in combination with drugs) compared with
cases where no intoxication was suspected. Suspected intoxication status
represents an existing field in WAID, and data were coded as “yes” or
“no” depending on whether the victim was suspected to have been
intoxicated with alcohol at the time of death. Several models were run to
adjust for further variables including location characteristics, day of the
week, age range, activity being performed. However, the inclusion of
these variables did not substantially alter the temperature coefficients or
ORs. Statistical analyses were conducted using the survival package in
RStudio (Version 4.2.1, Boston, USA). Unless otherwise stated, data are
presented as mean =+ standard deviation, whilst ORs are presented with
95% confidence intervals (CIs).

3. Results
3.1. Descriptive statistics

Table 1 shows the characteristics of the unintentional fatal drowning
events that were included in this study. Most cases were male (82%),
whilst the highest and second highest proportion of deaths were
amongst 36- to 60-year-olds and 19- to 35-year-olds, respectively.
Although males represented a relatively higher proportion of fatalities in
the current unintentional drowning dataset (i.e., 82% vs 74%), these
breakdowns broadly reflect the patterns that were evident across all
drowning outcomes (i.e., intentional and unintentional) combined (Hills
et al., 2021). Table 2 provides descriptive statistics for weather condi-
tions on case and control days.

3.2. Association between weather and unintentional fatal drowning risk

Table 3 shows the coefficients from the conditional logistic regres-
sion models. There was a significant positive association between daily
maximum air temperature and the risk of unintentional drowning. A
1 °C increase in maximum air temperature was associated with a 7.2%
(CI: 5.2-9.2%) increase in unintentional drowning risk. When stratified
by sex, this relationship existed for males, but not for females. For males,
a1 °C increase in maximum air temperature was associated with a 7.6%
(CL: 5.4-9.9%) increase in the risk of unintentional drowning on a given
day. For cases where no alcohol intoxication was suspected, a 1 °C in-
crease in maximum air temperature was associated with a 7.1% (CL:
4.7-9.5%) increase in the risk of unintentional drowning. However,
when alcohol intoxication was suspected, risk increased by 22% (CI:
9.5-36%) for each additional 1 °C.

When air temperature was treated as a categorical variable, there
was no significant increase in unintentional drowning risk for days
where temperature reached 10-14.9 °C compared with days <10 °C.
However, drowning risk was significantly elevated on days where air
temperature reached 15-19.9 °C, 20-24.9 °C, and > 25 °C. Coefficients
and ORs are presented in Table 3. Precipitation showed no significant
association with unintentional drowning risk in any of the models (OR:
1.00-1.02).
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Table 1
Characteristics of unintentional fatal drowning cases in the UK 2012-2019 (n =
1945).

Category Number of cases % of sample
Sex

Male 1597 82.1
Female 310 15.9
Not recorded 38 2.0
Age

0to2 33 1.7
3to5 19 1.0
6to12 24 1.2
13to 18 136 7.0
19 to 35 555 28.5
36 to 60 681 35.0
Over 60 393 20.2
Not recorded 104 5.3

Intoxication status

None 1380 71.0
Alcohol 444 22.8
Alcohol/drugs 71 3.7
Drugs 50 2.6

Day of the week

Monday 260 13.4
Tuesday 232 11.9
Wednesday 231 11.9
Thursday 233 12.0
Friday 230 11.8
Saturday 405 20.8
Sunday 354 18.2
Month

January 180 9.3
February 116 6.0
March 140 7.2
April 175 9.0
May 195 10.0
June 184 9.5
July 270 139
August 235 12.1
September 134 6.9
October 107 5.5
November 100 5.1
December 109 5.6

Note: classifications are taken from the relevant fields in WAID.

Table 2
Descriptive statistics for weather conditions on case days and control days for
unintentional fatal drowning in the UK 2012-2019 (n = 1945).

Maximum air temperature  Precipitation
({9} (mm)

Case day 15.36 (£6.31) 2.54 (£5.58)

Control day: Seven days 14.88 (+£5.99) 2.31 (+£4.66)
previous

Control day: 14 days 14.73 (£5.89) 2.61 (+£4.96)
previous

Note: data are presented as mean and standard deviation.
A case day is defined as the date on which a given drowning event occurred.

4. Discussion

This case-crossover study examined the association between weather
conditions (i.e., daily volume of precipitation and maximum air tem-
perature) and the risk of unintentional drowning in the UK. A significant
positive relationship existed between maximum air temperature and the
odds of unintentional drowning. Indeed, a 1 °C increase in daily
maximum air temperature was associated with a 7.2% increase in
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Table 3

Association between weather characteristics and unintentional fatal drowning risk in the UK 2012-2019 (n = 1945).
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Temperature modelled as continuous

0Odds ratio (95% confidence intervals)

Maximum air temperature (°C)

Precipitation (mm)

Temperature modelled as categorical

Maximum air temperature < 10 °C

Maximum air temperature
10-14.9 °C

Maximum air temperature
15-19.9 °C

Maximum air temperature
20-24.9 °C

Maximum air temperature > 25 °C

Precipitation (mm)

All sexes

1.072 (1.052, 1.092)

*k

1.006 (0.995, 1.017)

Males

1.076 (1.054, 1.099)
dek

1.006 (0.993,
1.0128)

0dds ratio (95% confidence intervals)

All sexes

Reference
1.093 (0.898, 1.331)

1.748 (1.330, 2.297)

*k

1.872 (1.365, 2.568)

4.671 (3.124, 6.985)

*k

1.006 (0.995, 1.018)

Males

Reference
1.003 (0.807, 1.245)

1.703 (1.261, 2.300)

wedk

1.844 (1.303, 2.611)

5.347 (3.422, 8.356)

wk

1.007 (0.995, 1.020)

Females Alcohol intoxication No alcohol intoxication
suspected suspected

1.039 (0.990, 1.220 (1.095, 1.360)** 1.071 (1.047, 1.095)**

1.091)

1.002 (0.976, 1.010 (0.928, 1.100) 1.002 (0.989, 1.016)

1.029)

Females Alcohol intoxication No alcohol intoxication
suspected suspected

Reference Reference Reference

1.608 (0.967, 1.471 (0.595, 3.639) 1.098 (0.857, 1.408)

2.673)

2.456 (1.220, 16.564 (2.862, 95.859)* 1.660 (1.191, 2.313)*

4.945)*

2.163 (0.9635, 34.786 (4.845, 249.768) ** 1.719 (1.174, 2.313)*

4.856)

2.548 (0.921, 75.367 (3.957, 1435.336)* 4.493 (2.774, 7.276)**

7.047)

1.000 (0.974, 1.015 (0.936, 1.100 1.003 (0.989, 1.016)

1.027)

*: Significant association at the p < 0.05 level, **: Significant association at the p < 0.001 level.

unintentional drowning risk. Risk was substantially elevated (OR:
1.75-4.67) on days where air temperature reached at least 15 °C
compared with days colder than 10 °C. In agreement with a consensus
amongst water safety experts (Johnston et al., 2023), these findings
suggest that warm weather may be a substantial risk factor for acci-
dental drowning in the UK. This study therefore supports recent rec-
ommendations that suggest routinely recording air temperature on
drowning days would represent a valuable addition to WAID data
recording practices (Hills et al., 2021).

This study reflects existing evidence which has shown a positive
association between air temperature and drowning risk. For instance,
positive relationships between air temperature and drowning risk have
been reported in regions of Canada (Chauvin et al., 2020; Fralick et al.,
2013). In children aged 0-19 living in Quebec between 1989 and 2015,
the odds of being hospitalised for drowning were 2.65 times higher for
maximum temperatures between 20 and 24.9 °C, 5.30 times higher for
air temperatures between 25 and 29.9 °C, and 9.36 times higher for
temperatures >30 °C when compared with temperatures of 15 °C
(Chauvin et al., 2020). Fralick et al. (2013) also conducted a case-
crossover study and reported that the risk of outdoor drowning in resi-
dents of Ontario increased by 69% (OR: 1.69) on days where air tem-
perature exceeded 30 °C, compared with when the air was cooler than
30 °C. In the current study, an OR of 4.67 (5.35 for males) was observed
for temperatures >25 °C compared with when temperatures were <
10 °C. Acknowledging the limited number of observations in the higher
temperature categories, such findings support the notion that in western
countries such as Canada, Australia, and the UK, warmer days are
associated with substantially increased risk of death by unintentional
drowning.

Whilst neither the current study nor the analyses in Canada can
conclusively determine the precise reasons underpinning the strong
positive relationships observed between air temperature and drowning
risk, it seems likely that warmer temperatures cause people in countries
such as the UK and Canada to voluntarily spend more time in and around
aquatic spaces. As greater exposure to risk environments is associated
with greater rates of drowning and non-fatal drowning (Gulliver and
Begg, 2005), such behavioural responses likely contribute to the
increased risk observed with increasing daily temperatures. Moreover,
alcohol consumption in aquatic spaces is a known risk factor for
drowning (Hamilton et al., 2018; Mott and Latimer, 2016) and ~ 26% of

cases in the current sample involved suspected alcohol intoxication. As
on- and off-premises alcohol sales may increase on days that people
perceive to be warm and/or sunny (Hughes et al., 2004), it is possible
that temperature-induced changes in alcohol consumption (and thus risk
behaviours) partly explain the relationships observed. Whilst these data
must be interpreted with caution due to the relatively small number of
cases in the different temperature categories (see supplementary table
1), comparing ORs from the models stratified by intoxication status
suggests that increasing temperature is associated with a substantially
greater elevation in drowning risk amongst intoxicated people, when
compared with when no intoxication is suspected.

Compared with females, it is well established that males display
greater exposure to aquatic environments, engage in more activities that
carry greater risk (e.g., swimming at night, not wearing lifejackets, etc.),
are more likely to drink alcohol in aquatic spaces, and have more con-
fidence in their ability to swim (Gulliver and Begg, 2005; Hamilton
et al.,, 2018; Howland et al., 1996; Leavy et al., 2022). These factors
contribute to the substantially elevated rates of drowning typically
observed in males and may mean that males are particularly susceptible
to the increased risks associated with warmer weather conditions.
Whilst caution must be exercised when interpreting date based on fe-
male data contributing just 16% of the sample, the current study
observed a 7.6% increase in drowning risk per 1 °C increase in maximum
air temperature for males, compared with a smaller increase of 3.9% in
females. Similarly, the OR for days where air temperature reached at
least 25 °C for males was more than twice that calculated for females
(OR: 5.35 vs 2.55). Moreover, the increase in unintentional drowning
risk in males is substantially higher at 25 °C compared with increase
seen in the 20 - 24.9 °C category. Notably, thermal comfort is achieved
in unclothed humans in still air at a temperature of 26-28 °C, leading to
a reduced need to retain the insulation provided by clothing in the
conditions of the present study (Gagge et al., 1967; Guéritée and Tipton,
2015). Clothing aids buoyancy by trapping air between layers on acci-
dental immersion and provides thermal protection on prolonged im-
mersion thereby reducing drowning risk (Barwood et al., 2011; Bowes
et al., 2016). Above an air temperature of 28 °C, humans experience a
sensation of being hot and uncomfortable, thereby increasing the like-
lihood of entering water to relieve thermal discomfort and for recrea-
tional reasons (e.g., swimming) (Gagge et al., 1967; Guéritée and Tipton,
2015). The magnitude of the cold shock response is associated with the
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rate and extent of skin cooling (Tipton, 1989) and hence this set of
environmental conditions increases the threat posed to persons who
become accidentally immersed.

It is important to note that although similar relationships have been
observed in Canada, the results of the current study are likely specific to
the UK and cannot necessarily be extrapolated to places with different
climates or cultural norms (Chauvin et al., 2020; Gallinger et al., 2015).
Indeed, data from Fiji indicated no significant relationship between air
temperature and drowning risk when controlling for the amount of
precipitation (Murray and Carter, 2017). Whilst the sample used in the
aforementioned study was relatively small (n = 187) and data were
aggregated into monthly totals, it is notable that in Fiji a positive asso-
ciation was observed between drowning rates and the amount of rainfall
recorded per month (Murray and Carter, 2017). Whilst specific patterns
may differ between countries, consistent findings of relationships be-
tween weather conditions (specifically warm temperatures and/or
rainfall) and elevated drowning risk highlight particular cause for
concern given the palpable evidence of global climate change (Dale,
1997; Sindall et al., 2022).

A key strength of this study is the fact that an individual-matched
case-crossover design was used, which controls for several factors that
are known to influence drowning risk, such as victims’ age, sex, and
socioeconomic status, whilst also removing the influence of the day of
the week and time of year (Chauvin et al., 2020; Mittleman and Mos-
tofsky, 2014). We respond to calls in the wider evidence base to more
robustly investigate associations between environmental influences and
major public health challenges (Desjardins et al., 2023; Hobbs and Atlas,
2019). Whilst strong positive associations were observed between daily
maximum air temperature and the risk of unintentional drowning in the
UK, this study cannot be used to establish a direct causal link between
the two. That said, the relationships observed align with existing liter-
ature and it is likely that warmer weather leads to behaviours that
elevate the risk of drowning, such as increased exposure to aquatic en-
vironments and/or greater engagement with risky behaviours in such
spaces (e.g., swimming along and/or in dangerous bodies of water,
consuming alcohol near water). Moreover, the sample contained only
~16% females. Because the vast majority of unintentional drownings in
the UK occur in males (Hills et al., 2021), it is possible that the limited
number of females may have contributed to the non-significance of some
of the relationships observed within the female sub-sample. Neverthe-
less, it is evident that the pattern in odds ratios when data are stratified
by sex is different for females and does not show the same magnitude of
increase in risk or direction of change when air temperature exceeds
25 °C. Due to the availability of accurate and reliable data in the UK, this
study considered only fatal drownings. Further reliable collection and
analysis of ‘near-miss’ water-based incidents would add further context
to this area of research and allow evaluation of current water safety
practices.

5. Conclusion

In a multiyear, nationwide, and validated dataset of unintentional
drownings within the UK (WAID), this study identified positive associ-
ations between daily maximum air temperature and the risk of unin-
tentional fatal drowning. Whilst similar analyses with larger samples is
needed to enable firm conclusions, the risk was particularly pronounced
in males and when alcohol intoxication was suspected. Identifying such
relationships highlights the value of considering weather conditions
when evaluating environmental risk factors for drowning and may be an
important factor in informing water safety policy interventions,
messaging campaigns, and resource allocation.

Funding

This work was supported by internal funding from Bournemouth
University (Acceleration of Research & Networking grant).

Preventive Medicine 179 (2024) 107832

CRediT authorship contribution statement

Samuel P. Hills: Writing - review & editing, Writing — original draft,
Visualization, Supervision, Software, Resources, Project administration,
Methodology, Investigation, Funding acquisition, Formal analysis, Data
curation, Conceptualization. Matthew Hobbs: Writing — review &
editing, Writing — original draft, Supervision, Resources, Methodology,
Investigation, Funding acquisition, Formal analysis, Conceptualization.
Paul Brown: Writing — review & editing, Writing — original draft,
Software, Resources, Formal analysis, Data curation. Mike Tipton:
Writing — review & editing, Writing — original draft, Supervision,
Investigation. Martin Barwood: Writing — review & editing, Writing —
original draft, Supervision, Resources, Project administration, Method-
ology, Funding acquisition, Data curation, Conceptualization.

Declaration of Competing Interest
None.
Data availability

The authors do not have permission to share data.

Acknowledgments

The authors would like to thank Mr. David Walker (Royal Society for
the Prevention of Accidents) for granting data access and providing
guidance. The authors would also like to thank the members of the
National Water Safety Forum.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ypmed.2023.107832.

References

Barwood, M.J., Bates, V., Long, G.M., Tipton, M.J., 2011. “Float first”: trapped air
between clothing layers significantly improves buoyancy on water immersion in
adults, adolescents and children. Int. J. Aquat. Res. Educ. 5 (2), 147-163.

Barwood, M., Massey, H.C., Tipton, M., 2018. “Float First”: evidence-base for the Royal
National Lifeboat Institution’s “Respect the Water” campaign (Report to the RNLI,
Issue).

Bierens, J.J., Lunetta, P., Tipton, M.J., Warner, D.S., 2016. Physiology of drowning: a
review. Physiology 31 (2), 147-166.

Bowes, H., Eglin, C.M., Tipton, M.J., Barwood, M.J., 2016. Swim performance and
thermoregulatory effects of wearing clothing in a simulated cold-water survival
situation. Eur. J. Appl. Physiol. 116, 759-767.

Chauvin, M., Kosatsky, T., Bilodeau-Bertrand, M., Gamache, P., Smargiassi, A., Auger, N.,
2020. Hot weather and risk of drowning in children: opportunity for prevention.
Prev. Med. 130, 105885.

Dale, V.H., 1997. The relationship between land-use change and climate change. Ecol.
Appl. 7 (3), 753-769.

Desjardins, M.R., Murray, E.T., Baranyi, G., Hobbs, M., Curtis, S., 2023. Improving
longitudinal research in geospatial health: an agenda. Health Place 80, 102994.

Fralick, M., Denny, C.J., Redelmeier, D.A., 2013. Drowning and the influence of hot
weather. PLoS One 8 (8), €71689.

Franklin, R.C., Peden, A.E., Hamilton, E.B., Bisignano, C., Castle, C.D., Dingels, Z.V.,
Hay, S.I, Liu, Z., Mokdad, A.H., Roberts, N.L., 2020. The burden of unintentional
drowning: global, regional and national estimates of mortality from the global
burden of disease 2017 study. Inj. Prev. 26 (Suppl. 2), i83-i95.

Gagge, A.P., Stolwijk, J., Hardy, J., 1967. Comfort and thermal sensations and associated
physiological responses at various ambient temperatures. Environ. Res. 1 (1), 1-20.

Gallinger, Z.R., Fralick, M., Hwang, S.W., 2015. Ethnic differences in drowning rates in
Ontario, Canada. J. Immigr. Minor. Health 17 (5), 1436-1443.

Guéritée, J., Tipton, M.J., 2015. The relationship between radiant heat, air temperature
and thermal comfort at rest and exercise. Physiol. Behav. 139, 378-385.

Gulliver, P., Begg, D., 2005. Usual water-related behaviour and ‘near-drowning’incidents
in young adults. Aust. N. Z. J. Public Health 29 (3), 238-243.

Hamilton, K., Keech, J.J., Peden, A.E., Hagger, M.S., 2018. Alcohol use, aquatic injury,
and unintentional drowning: a systematic literature review. Drug Alcohol Rev. 37
(6), 752-773.

Hansard, 2022. HC, Deb. 718. 969, 20/07/2022 In.


https://doi.org/10.1016/j.ypmed.2023.107832
https://doi.org/10.1016/j.ypmed.2023.107832
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0005
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0005
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0005
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0010
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0010
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0010
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0015
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0015
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0020
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0020
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0020
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0025
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0025
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0025
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0030
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0030
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0035
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0035
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0040
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0040
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0045
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0045
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0045
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0045
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0050
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0050
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0055
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0055
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0060
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0060
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0065
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0065
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0070
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0070
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0070
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0075

S.P. Hills et al.

Hills, S.P., Hobbs, M., Tipton, M.J., Barwood, M.J., 2021. The Water Incident Database
(WAID) 2012 to 2019: a systematic evaluation of the documenting of UK drownings.
BMC Public Health 21 (1), 1760.

Hobbs, M., Atlas, J., 2019. Environmental influences on behaviour and health: a call for
creativity and radical shifts in thinking within contemporary research. N. Z. Med. J.
132 (1505), 97-99.

Holliday, N.P., Kennedy, J., Kent, E.C., Marsh, R., Hughes, S.L., Sherwin, T., Berry, D.I.,
2008. Marine Climate Change Impacts Partnership Scientific Review — Sea
Temperature. Retrieved 90/09/2020 from. http://www.mccip.org.uk/media/3371/
sea-temperature.pdf.

Howland, J., Hingson, R., Mangione, T.W., Bell, N., Bak, S., 1996. Why are most
drowning victims men? Sex differences in aquatic skills and behaviors. Am. J. Public
Health 86 (1), 93-96.

Hughes, S., Bellis, M.A., Bird, W., Ashton, J.R., 2004. Weather forecasting as a public health
tool (Centre for Public Health, Issue). https://www.researchgate.net/profile/Ma
rk-Bellis-3/publication/228732816_Weather forecasting as_a_public_health_tool/lin
ks/5404776f0cf2c48563b0953b/Weather-forecasting-as-a-public-health-tool. pdf.

Janes, H., Sheppard, L., Lumley, T., 2005. Case-crossover analyses of air pollution
exposure data: referent selection strategies and their implications for bias.
Epidemiology 16, 717-726.

Johnston, N., Hills, S.P., St Quinton, T., Webster, L., Tipton, M.J., Barwood, M.J., 2023.
Environmental risk factors for drowning: an expert-led consensus statement using
the modified Delphi method. Report to National Water Safety Forum.

Keatinge, W., Prys-Roberts, C., Cooper, K., Honour, A., Haight, J., 1969. Sudden failure
of swimming in cold water. Br. Med. J. 1 (5642), 480-483.

Leavy, J., Della Bona, M., Abercromby, M., Crawford, G., 2022. Drinking and swimming
around waterways: the role of alcohol, sensation-seeking, peer influence and risk in
young people. PLoS One 17 (11), e0276558.

Lombardi, D.A., 2010. The case-crossover study: a novel design in evaluating transient
fatigue as a risk factor for road traffic accidents. Sleep 33 (3), 283-284. https://doi.
org/10.1093/sleep/33.3.283.

Lu, T.-H., Lunetta, P., Walker, S., 2010. Quality of cause-of-death reporting using ICD-10
drowning codes: a descriptive study of 69 countries. BMC Med. Res. Methodol. 10
(30), 1-6.

Maclure, M., 1991. The case-crossover design: a method for studying transient effects on
the risk of acute events. Am. J. Epidemiol. 133 (2), 144-153.

Meddings, D.R., Scarr, J.-P., Larson, K., Vaughan, J., Krug, E.G., 2021. Drowning
prevention: turning the tide on a leading killer. Lancet Public Health 6 (9),
E692-E695.

Mittleman, M.A., Mostofsky, E., 2014. Exchangeability in the case-crossover design. Int.
J. Epidemiol. 43 (5), 1645-1655.

Mott, T., Latimer, K., 2016. Prevention and treatment of drowning. Am. Fam. Physician
93 (7), 576-582.

Preventive Medicine 179 (2024) 107832

Murray, K., Carter, P., 2017. Fatal drownings in Fiji: an effective parsimonious model
that can explain the number of cases from January 2012 to April 2015. Asia Pac. J.
Public Health 29 (1), 28-34.

NWSF, 2016. UK drowning prevention strategy: A future without drowning. Retrieved
08/10/2022 from. https://www.nationalwatersafety.org.uk/media/1005/uk-dro
wning-prevention-strategy.pdf.

Peden, A.E., Franklin, R.C., Clemens, T., 2019. Exploring the burden of fatal drowning
and data characteristics in three high income countries: Australia, Canada and New
Zealand. BMC Public Health 19 (1), 794.

Peden, A.E., Passmore, J., Queiroga, A.C., Sweeney, R., Jagnoor, J., 2022. Closing the
gap for drowning prevention across Europe. Lancet Public Health 7 (9), e728-e729.

Ranganathan, P., Pramesh, C., Aggarwal, R., 2017. Common pitfalls in statistical
analysis: logistic regression. Perspect. Clin. Res. 8 (3), 148.

Real, A.D., Sanchez-Lorenzo, A., Lopez-Bustins, J., Zarrabeitia, M., Santurtin, A., 2021.
Atmospheric circulation and mortality by unintentional drowning in Spain: from
1999 to 2018. Perspect. Public Health 17579139211007181.

RLSSA, 2017. A 13-year national study of non-fatal drowning in Australia. Royal Life
Saving Society Australia. Retrieved 08/10/2022 from. https://www.royallifesaving.
com.au/_data/assets/pdf file/0016/37312/3985_v4_RLS_NonFatalSymposium_Re
portHR_PROOF _LR.pdf.

RNLI, 2022. Running costs. Retrieved 05/05/2023 from. https://rnli.org/about-us/how-
the-rnli-is-run/running-costs.

Sindall, R., Mecrow, T., Queiroga, A.C., Boyer, C., Koon, W., Peden, A.E., 2022.
Drowning risk and climate change: a state-of-the-art review. Inj. Prev. 28 (2),
185-191.

Stillman, J.H., 2019. Heat waves, the new normal: summertime temperature extremes
will impact animals, ecosystems, and human communities. Physiology 34 (2),
86-100.

Stoop, J., 2006. Maritime accident investigations. In: Bierens, J.J.L.M. (Ed.), Handbook
on Drowning: Prevention, Rescue, Treatment. Springer.

Tipton, M., 1989. The initial responses to cold-water immersion in man. Clin. Sci. 77 (6),
581-588.

UN, 2021. Resolution on Global Drowning Prevention. A/RES/75/273. https://
digitallibrary.un.org/record/3925005?In=en.

Valent, F., Bartolomeo, S.D., Marchetti, R., Sbrojavacca, R., Barbone, F., 2010. A case-
crossover study of sleep and work hours and the risk of road traffic accidents. Sleep
33 (3), 349-354.

WHO, 2014. Global Report on Drowning: Preventing a Leading Killer. World Health
Organization. Retrieved 09/09/2020 from. https://www.who.int/publications/i
/item/global-report-on-drowning-preventing-a-leading-killer.

WHO, 2017. Preventing drowning: an implementation guide. World Health
Organization. Retrieved 29/09/2020 from. https://www.who.int/publications/i/it
em/preventing-drowning-an-implementation-guide.

Wu, Y., Li, S., Guo, Y., 2021. Space-time-stratified case-crossover design in
environmental epidemiology study. Health Data Sci. 9870798.


http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0080
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0080
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0080
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0085
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0085
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0085
http://www.mccip.org.uk/media/3371/sea-temperature.pdf
http://www.mccip.org.uk/media/3371/sea-temperature.pdf
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0095
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0095
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0095
https://www.researchgate.net/profile/Mark-Bellis-3/publication/228732816_Weather_forecasting_as_a_public_health_tool/links/5404776f0cf2c48563b0953b/Weather-forecasting-as-a-public-health-tool.pdf
https://www.researchgate.net/profile/Mark-Bellis-3/publication/228732816_Weather_forecasting_as_a_public_health_tool/links/5404776f0cf2c48563b0953b/Weather-forecasting-as-a-public-health-tool.pdf
https://www.researchgate.net/profile/Mark-Bellis-3/publication/228732816_Weather_forecasting_as_a_public_health_tool/links/5404776f0cf2c48563b0953b/Weather-forecasting-as-a-public-health-tool.pdf
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0105
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0105
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0105
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0110
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0110
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0110
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0115
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0115
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0120
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0120
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0120
https://doi.org/10.1093/sleep/33.3.283
https://doi.org/10.1093/sleep/33.3.283
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0130
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0130
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0130
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0135
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0135
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0140
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0140
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0140
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0145
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0145
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0150
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0150
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0155
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0155
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0155
https://www.nationalwatersafety.org.uk/media/1005/uk-drowning-prevention-strategy.pdf
https://www.nationalwatersafety.org.uk/media/1005/uk-drowning-prevention-strategy.pdf
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0165
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0165
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0165
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0170
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0170
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0175
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0175
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0180
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0180
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0180
https://www.royallifesaving.com.au/__data/assets/pdf_file/0016/37312/3985_v4_RLS_NonFatalSymposium_ReportHR_PROOF_LR.pdf
https://www.royallifesaving.com.au/__data/assets/pdf_file/0016/37312/3985_v4_RLS_NonFatalSymposium_ReportHR_PROOF_LR.pdf
https://www.royallifesaving.com.au/__data/assets/pdf_file/0016/37312/3985_v4_RLS_NonFatalSymposium_ReportHR_PROOF_LR.pdf
https://rnli.org/about-us/how-the-rnli-is-run/running-costs
https://rnli.org/about-us/how-the-rnli-is-run/running-costs
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0200
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0200
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0200
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0205
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0205
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0205
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0210
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0210
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0215
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0215
https://digitallibrary.un.org/record/3925005?ln=en
https://digitallibrary.un.org/record/3925005?ln=en
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0220
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0220
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0220
https://www.who.int/publications/i/item/global-report-on-drowning-preventing-a-leading-killer
https://www.who.int/publications/i/item/global-report-on-drowning-preventing-a-leading-killer
https://www.who.int/publications/i/item/preventing-drowning-an-implementation-guide
https://www.who.int/publications/i/item/preventing-drowning-an-implementation-guide
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0235
http://refhub.elsevier.com/S0091-7435(23)00418-8/rf0235

	Association between air temperature and unintentional drowning risk in the United Kingdom 2012–2019: A nationwide case-cros ...
	1 Introduction
	2 Methods
	2.1 Study design and setting
	2.2 Participants and data sources
	2.3 Data analyses

	3 Results
	3.1 Descriptive statistics
	3.2 Association between weather and unintentional fatal drowning risk

	4 Discussion
	5 Conclusion
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgments
	Appendix A Supplementary data
	References


