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ABSTRACT

Castelle, B.; Scott, T.; Brander, R.W.; McCarroll, R.J.; Tellier, E.; de Korte, E.; Tackuy, L.; Robinet,
A.; Simonnet, B. and Salmi, L.-R., 2020. Wave and tide controls on rip current activity and drowning
incidents in Southwest France. /n: Malvéarez, G. and Navas, F. (eds.), Global Coastal Issues of 2020.
Journal of Coastal Research, Special Issue No. 95, pp. 769—774. Coconut Creek (Florida), ISSN 0749-0208.

The meso-macrotidal sandy surf beaches of southwest France are a popular destination visited by millions of
tourists each summer, who potentially expose themselves to surf zone hazards and particularly to rip currents
flowing through the inner-bar rip channels. 281 non-fatal and fatal drowning incidents, most of them caused
by rip currents, recorded by lifeguards during the summer 2007, 2009 and 2015 were combined with measured
and hindcast wave and tide data. Results show that drownings occur disproportionally near neap low tide,
under shore-normal incident waves and average to above-average height and period, with drowning incidents
tending to occur in clusters with particular days of mass incidents. An XBeach model is implemented on
measured rip-channelled bathymetries to address the influence of offshore wave conditions and tidal elevation
on rip flow dynamics and resulting hazard. Simulations show that rip flow increases with increasing wave
height, increasing wave period and increasingly shore-normal incidence, which is consistent with the increased
number of drowning incidents for such conditions. Although more incidents also tend to occur on warm
sunny days with light winds, presumably driving more exposure to the rip current hazard, this highlights the
dominance of the physical hazard on the life risk along this stretch of coast.

ADDITIONAL INDEX WORDS: Rip current, drowning incident, environmental controls, beach safety.

INTRODUCTION

It is well established that rip currents are the leading cause
of both fatal and non-fatal drowning incidents on surf beaches
worldwide. Rips are strong, narrow seaward flowing currents often
originating close to the shoreline (Castelle et al., 2016a; Dalrymple
et al., 2011; MacMahan et al., 2006) which, although potentially
forming through a variety of driving mechanisms (Castelle ef al.,
2016a), are essentially driven by the action of breaking waves.
One of the most common rip types flows through channels incised
in nearshore sandbars (e.g., Houser et al., 2013, MacMahan et
al., 2006). Channel rip activity, and resulting physical hazard, is
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primarily controlled by offshore wave conditions (e.g., Brander,
1999; Bruneau et al., 2011) and tide elevation (e.g., Austin et al.,
2014). Surf zone morphology is also critical to rip activity, with
deeper rip channels resulting in more intense rips (e.g., McCarroll
et al., 2018, Moulton et al., 2017).

The number of drowning incidents, or the overall drowning
risk at a given coast, not only depends on the physical hazard
(primarily rip currents), but also on beachgoer exposure. Warm
sunny days with low winds typically result in increased beach
attendance and beachgoer exposure to hazards and, in turn, more
life risk. Understanding the environmental controls on life risk
related to rip currents along the coast typically requires accurate
drowning incident records combined with detailed wave, tide and
weather data at the time of the incidents (Scott et al., 2014).

The southwest Gironde-Landes coast of France hosts 230 km of
meso-macrotidal sandy surf beaches (Figure 1a) that are visited by
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Figure 1. (a) Location map of the Gironde and Landes coasts in southwest
France. Yellow stars indicate tide gauges, and the red and pink polygons
show the location of the Wavewatchlll model output grid point and
weather station, respectively. (b) Aerial photograph of Truc Vert beach
taken at low tide showing the presence of a classic rip current system
along this coast (credit V. Marieu).

millions of tourists each summer. Beaches are relatively straight
(Figure 1b) and are exposed to high-energy ocean waves coming
from the WNW direction (Castelle et al., 2017). Beaches are
double-barred and rip-dominated (e.g., Bruneau ef al., 2009) with
rip current causing approximately 80% of drowning incidents
(Castelle et al., 2018). Here we examine extensive environmental
data to address the primary environmental controls on the full
drowning risks along this stretch of coast, with the overreaching
goal to improve future beach safety management and education of
beach users in southwest France.

METHODS

Drowning Data

A comprehensive surf-zone injury (SZI) dataset, that comprised
injury report forms filed for every incident, documented a total
of 2523 SZIs over 186 sample days during the summers of 2007,
2009 and 2015 (Castelle et al., 2018). Amongst all the data
analyzed in Castelle et al. (2018), here we address 281 drowning
incidents (Figure 2a,b) using: date and time of the incident; beach
location; activity (e.g., wading, surfing, bodyboarding); cause of
injury (e.g., rip current, shore-break waves); and injury type (e.g.,
drowning, spine injury). The drowning stage was also provided
according to a 4-stage classification widely used in France, from
the milder to the most severe: (1) exhaustion, but no sign of
aspiration of water; (2) moderate respiratory impairment, anxiety;
(3) altered consciousness, severe respiratory impairment or acute
pulmonary edema, tachycardia or hypotension; and (4) coma,
respiratory or cardiac arrest. 11.4% of the drowning incidents
were severe (stage 3 and 4, Figure 2b), with most occurring
outside of the supervised bathing zone (Figure 2d).

Environmental Data

Each incident was associated with: a significant wave height Hs,
mean and peak wave periods 702 and Tp, respectively, and wave
angle 0 from a 6-hourly wave hindcast (Boudiére et al., 2013)
at grid point 1.3232°W, 44.7374°N (Figure la) in approximately
30-m depth. A tidal component analysis of a 3-month time series
of continuous, storm-free, tide gauge data (Figure 1a) was used to
generate tide elevation time series.

SZIs n= 2523

Dislocation/
sprain/
break 33.

Drowning incidents n = 281

Milder drowning incidents
(stages 1 & 2) n =249

Severe drowning incidents
(stages 3 & 4) n=32

Figure 2. (a) Surf zone incidents related to injury type. (b) Drowning incidents related to drowning stage and location of the incident related to (c) milder
drowning (stage 1 & 2) and (d) severe drowning (stage 3 & 4) with respect to supervised bathing zone.
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Figure 3. Time series during the 2009 summer of: (a) number of daily fatal and non-fatal drowning incidents; (b) significant wave height Hs; (c) peak (Tp,
black line) and mean (T02, blue line) wave periods; (d) wave direction 0; (¢) water level n with respect to mean sea level. In (b,c,d) the summer mean is
indicated by the horizontal dashed line
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Figure 4. Environmental controls on drowning incidents: normalized frequency distributions Fn during the summers of 2007, 2009 and 2015 (light grey
region), referred to as ‘average’ background distribution, of (a,b) significant wave height Hs; (c,d) mean wave period T02; (e,f) wave direction 0; (g,h)
water level n. In all panels the dark grey bars show the difference between the surfing related and the ‘average’ background distributions and the vertical
dashed lines in (a-f) show the background Top and bottom panels are for milder (stage 1 & 2) and severe (stage 3 & 4) drowning incidents, respectively.
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Numerical Modelling

An XBeach model (Roelvink et al., 2009) was implemented on a
10 m x 10 m regular grid to address the influence of offshore wave
conditions and tidal elevation on rip flow dynamics and resulting
hazard. The model, which is depth-averaged and wave-group
resolving, has been demonstrated to be suitable for this purpose
even when default settings were used (Castelle et al., 2016D).
The model was based on detailed topo-bathymetry collected
during an intensive field experiment performed at Biscarrosse on
June 13-17 2007 (Bruneau et al., 2009, 2011), which is broadly
representative of the coastal morphology. For more detail on the
model implementation at Biscarrosse the reader is referred to
Castelle et al. (2016b, 2019).

RESULTS

Figure 3 shows time series of wave/tide conditions and daily
drowning incidents during the 2009 summer. Drowning incidents
tend to occur in clusters. Overall, there appears to be no single
environmental factor controlling the occurrence of drowning
incidents (also considering weather factors, not shown). Instead,
it is possible that certain combinations of environmental controls
are conducive to causing drowning incidents. To better understand
these combinations promoting risky conditions, the approach
of Scott et al. (2014) was utilized whereby the environmental
conditions during which incidents occurred were compared with
the ‘average’ background conditions of the summer seasons. The
average frequency distribution of these parameters was compared
with those computed from the environmental parameters
associated with each recorded rip incident. Differences between
the distributions therefore provides an indication of environmental

conditions that may be driving drowning incidents (Scott ef al.,
2014).

Figure 4 shows that, for both milder and severe drowning
incidents, larger waves (Figure 4a,b) with longer period (Figure
4c,d) and more shore-normal incidence (~280°, Figure 4e,f)
increase the likelihood of drownings. Near-neap-low tide levels
and, to a lesser extent, extremely-high-tide levels are also over-
represented. Interestingly, these trends appear more pronounced
for the severe drowning incidents (lower panels in Figure 4),
although the reasonably small number of such incidents (n =
32) prevents from drawing conclusions. Additional analysis (not
shown) also indicates that more drowning incidents occur on warm,
sunny days with light winds (Castelle et al., 2019), presumably as
a result of increased beach attendance and increased beachgoer
exposure to physical hazard.

Figure 5 shows time series of drowning incidents, wave and tide
conditions of the four days when the largest number drowning
incidents in the entire dataset were reported. These four days
were associated with average or above average wave height and
period (Figure 5i-1) and near shore-normal wave incidence (not
shown), but not for any particular tide range or low tide timing
within the day. However, drowning incidents clearly occurred
preferably for lower tide levels, consistent with Figure 4g.h,
with some milder drowning incidents occurring for extremely
high water level occurring in the afternoon (Figure 5d), likely
when beach attendance is maximized with beachgoers exposing
themselves to high-tide swash rips (Castelle et al., 2019). Severe
drowning incidents can also occur in clusters before or after
the supervised hours (11AM-7PM) around low tide levels even
during the night (Figure 5d). These rare mass drowning events

August 5, 2007 July 25, 2009

August 17, 2007 July 27, 2007

M stage 2 [ Stage 4
M stage 1 Stage 3

M Cther SZIs

Hourly dronwing
incidents

1 (m)

Hs (m)

Tp(s)

10 15 20 10 15 20
Day hour Day hour

10 15 20 10 15 20
Day hour Day hour

Figure 5. Time series on the four days with the largest number of drowning incidents in the entire dataset showing: (a-d) distribution drowning incidents
with drowning stage colored; (e-h) tide elevation n; (i-1) significant wave height Hs and peak wave period Tp (c) with the horizontal dashed lines indicating

the summer means.
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Figure 6. Wave-driven currents with (a) breaking wave patterns (white areas) and (b) flow intensity coloured at Biscarrosse beach for the reference
simulation with Hs = 1.5 m, Tp = 10 s, 6 = 280°, 1 = -1 m. 20-min averaged rip flow velocity against (c) Hs, (d) Tp and (e) 1.

are typically associated with risky behavior of an individual or
group of individuals, for example when four drowning incidents
(including one stage 3 and one stage 4) concomitantly occurred at
Biscarrosse late at night on July 27, 2007.

To further explore the influence of wave and tide conditions on
rip current activity in southwest France, we modelled nearshore
hydrodynamics using morphology surveyed in mid-June 2007 at
Biscarrosse, varying Hs from 0.25 m to 3 m (0.25-m interval), Tp
from 4 s to 20 s (2-s interval), 0 from 280° to 320° (5° interval) and
N from -2.2 m to 2.2 m (0.2-m interval). The reference simulation
was chosen for Hs = 1.5 m, Tp = 10 s, 6 = 280° and n=-1
m, which are the conditions corresponding to a disproportionate
amount of drowning incidents observed in our dataset (Figure 4).
The reference simulation (Figure 6a,b) shows intense rip currents
through the four rip channels, although these rip currents contrast
in terms of shape, width and intensity. Figure 6¢-e shows that rip
flow intensity averaged over the four rip current systems largely
increases for increasing wave height (Figure 6¢) and increasing
wave period (Figure 6d) although rip flow speed tends to stabilize
for Hs > 1.8 m and 7p > 15 s. More intense rips also occur at
lower tide levels, peaking around mean low water neap (Figure
6e), in line with maximized incident data (Figure 4g,h). Rip flow
speed is, however, largely variable alongshore (see the large error
bars in Figure 6¢c-e) owing to the large variability in rip channel
morphology. These results indicate that wave and tide conditions
for which rip flow speed is maximized are approximately the same
as those for which more drowning incidents are reported.

CONCLUSIONS
On the high-energy surf beaches of southwest France, summer
drowning incidents occur disproportionally near neap low tide,
under shore-normally incident waves and average to above-
average wave height and period. This is consistent with numerical
modelling results that show flow intensity maximized for shore-
normal incidence, around neap low tide levels and for increased

wave height and period. This highlights the dominance of the
physical hazard on the life risk along this stretch of coast and the
potential for the development of drowning risk predictors along
this coast.
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