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We thank the reviewers for their helpful and insightful comments that have greatly improved the 1 
paper and ensured that we clarified our language about the predict and posted flags.   2 
 3 
RC1 4 
 5 
• There seems to be two very strong assumptions made in the paper: i) that the decision tree 6 

analysis is infallible; and ii) that the morphology of the inner nearshore bar is the most critical 7 
factor relating discrepancies between posted and predicated flag colours and rescues.  In the 8 
case of the former, it may be that I do not fully understand the methodology, but no model is 9 
100% correct without some sort of ground truthing. I would temper some of the 10 
statements/findings in this regard.  11 

 12 
This is a fair criticism of the paper and our language may have provided an emotional tone 13 
to the description of the model, and we focused strictly on the morphology of the inner bar.   14 

 15 
There is a potential that the chosen flag is not consistent with the beach user perception of 16 
the risk, which may 17 
 18 
Results of a decision tree analysis indicate that the colour flag chosen by the lifeguards 19 
was different from what the model predicted for 35% of days between 2004 and 2008 20 
(n=396/1125).   21 
 22 
when the model predicted a green flag would be more appropriate based on the wind and 23 
wave forcing. It is possible that the lifeguards were overly cautious, or they identified a rip 24 
forced by a transverse-bar and rip morphology common at the study site.  Regardless, the 25 
results suggest that beach users may be discounting lifeguard warnings if the flag colour 26 
is not consistent with how they perceive the surf hazard or the regional forecast. 27 
 28 
the difference between the posted and predicted flag colour could be associated with the 29 
lifeguards noting that the nearshore had a transverse bar and rip morphology, which is 30 
common at this location.   The morphology of the nearshore and other variables that could 31 
influence whether a beach user will enter the water or not (e.g. weather, number of beach 32 
users or presence of seaweed) are not captured by the current model, which is based on 33 
wind and wave forcing alone.  The model developed in this study is similar to rip forecasts 34 
produced by the US National Weather Service (NWS), and does not include local variables 35 
known to the beach manager based on experience and years of careful observation.  36 
Discrepancies between the predicted and posted flag colours provide a basis for future 37 
model development and expansion.  Incorporating more data into the model will it to evolve 38 
and better capture the variables that influence the colour of flag chosen by the lifeguards, 39 
while ensuring that the model remains computationally efficient.  Introducing additional 40 
variables, such as nearshore morphology, to the model has the potential to better capture 41 
a lifeguard or beach manager’s understanding of what constitutes dangerous surf 42 
conditions at their beach. 43 

 44 
Variables such as the nearshore morphology and the potential for rip development is not 45 
included in traditional forecasts or the model developed in this paper, and most beach 46 
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users use a simple assessment of wave breaking to determine if the water is safe. Even 47 
though a lifeguard will post the appropriate flag…. 48 

 49 
• In the case of the latter, while morphology is indeed critical to rip current formation/presence 50 

and rescues, there are many other variables not considered or mentioned in this paper that are 51 
also clearly important, such as the weather (sunny, overcast, temperature), the number of beach 52 
users, the presence of seaweed and any other factor that may contribute to beach users entering 53 
or not entering the water. I therefore think that the rather strong emphasis that nearshore 54 
morphology is the critical factor should also be tempered, particularly as some of it is 55 
conjecture. The other variables should at least be mentioned as factors to be considered for 56 
further extensions of this study, and also for rip forecasts themselves. 57 

 58 
While we did provide some additional text (as requested by this reviewer) in the discussion 59 
to describe how beach users make decisions, it is the decision of the lifeguard that is of 60 
greatest importance in this study and at this location, the morphology of the nearshore is 61 
of greatest importance. 62 
 63 
The morphology of the nearshore and other variables that could influence whether a beach 64 
user will enter the water or not (e.g. weather, number of beach users or presence of 65 
seaweed) are not captured by the current model, which is based on wind and wave forcing 66 
alone.   67 

 68 
• I think there also needs to be a bit more explanation for the chosen 2004-2008 period. There’s 69 

nothing wrong with that, but were certain data not collected or available after 2008? I would 70 
also describe the actual location of the wave buoys – how far offshore were they and at what 71 
water depth? Are wave conditions at the buoy likely to be consistent with wave conditions in 72 
the nearshore? I would have a location of study diagram indicating their location and also have 73 
a picture of a section of the beach showing ‘typical’ rip current conditions along the beach. 74 

 75 
We have made the description of the limited data period more explicit in the introduction: 76 

 77 
This study examines the consistency of flag warnings at Pensacola Beach, Florida between 78 
2004 and 2008 when daily data is available for flag colour, wind and wave forcing, as well 79 
as the daily number of rescues performed by lifeguards. 80 
 81 
Please see responses below for more information about the buoy and its location relative 82 
to the study site, which is also presented on a map (Figure 1). 83 

 84 
• I also found some of the reasoning of the posted vs predicted flag colours and rescues to be a 85 

bit confusing, although this might just be me. The authors suggest that the largest number of 86 
rescue days/rescues was associated with posted yellow/red flag conditions when the decision 87 
tree analysis suggested a green flag would be more appropriate. They suggest that this 88 
represents an over-estimation of the surf and hazard risk by the lifeguards (being overly 89 
cautious). However, maybe the flag level was absolutely appropriate – dangerous conditions 90 
lead to more rescues, not because the lifeguards got the flags wrong, but because beach users 91 
were discounting (or were ignorant of) the flags and surf conditions – which the authors note. 92 
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Defining yellow flag conditions seem to be the main problem as they are associated with most 93 
rescues. If a green flag were flying on these days, I don’t see how the number of rescues would 94 
be any different. In fact, they could lead to more rescues as beach users may assume that 95 
conditions were safer and would be more likely to enter the water. 96 
 97 

Please see our responses to the line-by-line comments below to see examples of how we 98 
have altered the language to make it clear that the ‘overly cautious’ is in the eyes of the 99 
beach user if they see a yellow or red flag, but believe that conditions are green or yellow 100 
respectively.   101 

 102 
• The only way I can see that the central hypothesis of the paper would be correct is if a green 103 

flag was flying when a yellow or red flag should have been posted. This is supported by the 104 
results on L179-180. Perhaps a central hypothesis is not needed. The paper would be just as 105 
valuable if the differences between posted and predicted flag colours was described with a 106 
discussion of the real-world implications (which the authors do a good job of in the 107 
Discussion). Taking out the hypotheses would eliminate some of the confusion, I think. 108 
 109 

The hypotheses, which are now explicitly stated, are important as they are based on the 110 
perception of lifeguard accuracy described in the introduction.  We have made sure that the 111 
results are strictly a presentation of the data without interpretation, which we reserved for 112 
the discussion section.   113 
 114 
Specifically, it is hypothesized that a greater number of rescues will occur on days when 115 
the model underestimated the hazard level compared to the lifeguard who made their 116 
decision based on local observations including the presence of semi-permanent rip 117 
channels.  In this scenario, the public may believe that the lifeguard is being overly 118 
cautious leading to people entering the water.     119 
 120 
More clarifications are provided through the remainder of this reviewer response for line-121 
specific comments.   122 

 123 
• The abstract states that the decision tree analysis suggests that the wrong flag was flown on 124 

35% of days. The term ‘wrong’ seems overly harsh and does not take into account that the fact 125 
that lifeguards were actually there to observe surf conditions. Having said that, there is a 126 
considerable amount of subjectivity involved in choosing the flag colour, some of which would 127 
be related to human factors of the lifeguards themselves. But to say it’s ‘wrong’ is assuming 128 
that the decision tree analysis is always right, which I disagree with. 129 

 130 
We have removed all references to the word wrong and replaced by difference between 131 
predicted and posted flags.  In fact, the phrasing throughout the article makes it clear that 132 
the local lifeguard decisions are probably more accurate than a model prediction based 133 
solely on wind, wave and water level.  Please see the responses to the line-by-line 134 
comments below for examples of how this has been changed.   135 

 136 
• There is also an important point that should be discussed. The green flags mean a ‘low’ level 137 

of surf and rip current hazard danger, but green is generally universally accepted as ‘safe’. This 138 
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study has clearly shown that rescues can occur during both posted and predicted green flag 139 
conditions. An argument could be made that ocean conditions, particularly in the presence of 140 
breaking wave activity, should never be flagged as ‘green’ because, as the authors state, strong 141 
rip currents can form under green flag conditions. Other studies (e.g. Scott et al., 2014) have 142 
also linked the occurrence of rescues with seemingly ‘fine weather’ conditions (or something 143 
similar). However, this raises important, if not controversial, questions about the validity of 144 
the existing flag system and the impact of this, via confirmation bias, on beach users’ 145 
perceptions if flags were always yellow or red. 146 

 147 
This would suggest that posting a green flag should never be permitted when wind and 148 
swell waves are breaking over the bar, even if the regional forecast suggests a low-level 149 
hazard that day.  As shown by Scott et al. (2014), rescues are still possible with seemingly 150 
‘fine weather’ conditions when a green flag would be predicted by the model or in regional 151 
forecasts.  Even in the presence of small swell wave, breaking can be induced as water 152 
levels fall with the tide (Castelle et al. 2016).   153 
 154 
It is difficult for beach users to spot a rip or assess the potential for rip development, and 155 
they may assume that the lifeguard is being overly cautious if they perceive fine-weather 156 
conditions and the lifeguard posts a yellow or red flag. 157 

 158 
• Abstract L16 – perhaps specify ‘. . .risk to whom’  159 

 160 
Update to: “…effective strategies to minimize risk to beach users.” 161 

 162 
• L18 – should be ‘lifeguard(s)’  163 

 164 
Corrected. 165 

 166 
• L22 – should be ‘machine learning is used’  167 
 168 

Corrected 169 
 170 
• L24 – should be ‘wrong colour flag’  171 
 172 

Corrected 173 
 174 
• L25 – I find this statement a bit confusing – can it be clarified?  175 
 176 

This sentence has been updated to: 17% of all rescue days accounting for ~60% of the total 177 
number of rescues. 178 

 179 
• L30 – should be ‘surf hazard was associated’  180 

 181 
Corrected 182 

 183 
• L33 – should be ‘lifeguards’  184 
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 185 
Corrected  186 

 187 
• L40 – I think the first statement should have some references in relation to the specific 188 

recognition of rips as a global public health issue  189 
 190 

We have added references to rip current drownings and rescues from India, the UK, Costa 191 
Rica, Australia, the Great Lakes and the United States: 192 
 193 
….. serious global public health issue (Brighton et al., 2013; Woodward et al., 2013; Kumar 194 
and Prasad et al., 2014; Arozarena et al., 2015; Brewster et al., 2019; Vlodarchyk et al., 195 
2019). 196 

 197 
• L42 – should be ‘and are capable of’  198 

 199 
Corrected 200 

 201 
• L47 – there are better references for this. . .Brighton et al., 2013 for the Australian context 202 

(although SLSA, 2017 can remain. . ..if not updated to their national coastal safety report 203 
for2018) and Brewster et al. 2019 for the US context  204 

 205 
Updated to: for nearly 80% of all rescues (Brighton et al., 2013; Brewster et al., 2019). 206 
 207 
Brewster, B.C., Gould, R.E. and Brander, R.W., 2019. Estimations of rip current rescues 208 
and drowning in the United States. Natural Hazards and Earth System Sciences, 19(2), 209 
pp.389-397. 210 
Brighton, B., Sherker, S., Brander, R., Thompson, M. and Bradstreet, A., 2013. Rip current 211 
related drowning deaths and rescues in Australia 2004–2011. Natural hazards and earth 212 
system sciences, 13(4), pp.1069-1075. 213 

 214 
• L51 – there are other papers that could be referenced in addition to the Brannstrom studies  215 
 216 

“….knowledge of this hazard is limited (Brander et al., 2011; Williamson et al., 2011; 217 
Brannstrom et al., 2014; 2015; Gallop et al., 2016; Fallon et al., 2018; Menard et al., 2018; 218 
Silva-Cavalcanti et al., 2018; Trimble and Houser, 2018) and that few people are interested 219 
in rip currents compared to other hazards (Houser et al., 2019).” 220 

 221 
• L61 – should be ‘flag colour’  222 

 223 
Corrected 224 

 225 
• L69 – should be ‘nearshore bars’  226 
 227 

Corrected 228 
 229 
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• L71 – this statement is a bit confusing at it refers to beach users on beaches with either no 230 
lifeguards or who may be a long distance away. So presumably if there are no lifeguards, there 231 
are no flags? Needs a little bit of clarification  232 

 233 
This has been changed to: Rip currents can still be present even if a regional forecast 234 
predicts that the hazard potential is low based on wind and wave conditions. Beach users 235 
can be at risk if the flag colour is based solely on the regional forecast.   236 

 237 
• L74 – not sure I understand the bit about lifeguards intervening if the beach users do not heed 238 

the warning flag. The green, yellow, red mean low, moderate, high hazard, but are the latter 239 
also associated with the message of ‘do not enter the water’? Is that implicit?  240 

 241 
We have clarified this sentence: 242 
 243 
“…does not heed the warning implied by a yellow or red flag indicating moderate and high 244 
(‘do not enter the water’) hazard levels respectively.” 245 

 246 
• L80 – they may perceive conditions to be relatively calm, but reinforcing this point is if they 247 

enter the water under yellow/red flag conditions and do not experience any difficulties  248 
 249 

We have clarified and reinforced this statement: 250 
 251 
…conditions appear to the beach user to be relatively calm, the beach user may discount 252 
or ignore the forecast now and, in the future, if they enter the water and do not experience 253 
any difficulties. Trust and confidence in the authority figures can be eroded if they believe 254 
that the lifeguards are being overly cautious. 255 

 256 
• L81 – I would re-word to say ‘may be eroded’ and ‘they may believe’. . .don’t know for sure 257 

unless this is backed up with a reference to study indicating these perceptions are evidence-258 
based  259 

 260 
We have qualified this statement: 261 
 262 
…conditions appear to the beach user to be relatively calm, the beach user may discount 263 
or ignore the forecast now and, in the future, if they enter the water and do not experience 264 
any difficulties. Trust and confidence in the authority figures can be eroded if they believe 265 
that the lifeguards are being overly cautious. 266 

 267 
• L90 – I guess there is an inherent assumption here that the modelled flag colour is always 268 

correct? Is that the case?  269 
 270 

We have added some language here to show that the model is relatively limited compared 271 
to the posted flag.  In this respect, it is assumed that the lifeguard is correct based on their 272 
local observation: 273 
 274 
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The modelled flag colour, based solely on wave and wind forcing, can be compared to the 275 
flag colour posted by the lifeguards on a particular day to identify days when there is a 276 
difference and how that influences the number of rescues performed on that day. It is 277 
hypothesized that there will be a greater number of rescues performed on days when there 278 
is a difference between the predicted and posted flag colour.  Specifically, it is hypothesized 279 
that a greater number of rescues will occur on days when the model underestimated the 280 
hazard level compared to the lifeguard who made their decision based on local 281 
observations including the presence of semi-permanent rip channels.  In this scenario, the 282 
public may believe that the lifeguard is being overly cautious leading to people entering 283 
the water.     284 

 285 
• L92 – this is a good hypotheses, but perhaps it should be specific to a particular type of 286 

discrepancy. For example, if the flags are red, but the modelled flag colour shows conditions 287 
to be yellow or green and vice-verse(n.b. this does come later in the results)  288 
 289 

We have clarified the direction of the difference and our belief about the impact on rescues: 290 
 291 
“…there is a difference between the predicted and posted flag colour.  Specifically, it is 292 
hypothesized that a greater number of rescues will occur on days when the model 293 
underestimated the hazard level compared to the lifeguard who made their decision based 294 
on local observations including the presence of semi-permanent rip channels.  In this 295 
scenario, the public may believe that the lifeguard is being overly cautious leading to 296 
people entering the water.”     297 

 298 
• L99 – might want to specify the period this data is available for. . .is it just 2004-2008 or 299 

ongoing beyond that Methodology L133 – is there a way to describe the actual location of the 300 
buoys, at least in terms of distance offshore and water depth? 301 

 302 
We have described the dates that the data is available to complete this study: 303 
 304 
The analysis was completed for Pensacola Beach, Florida where there is available records 305 
of daily flag colours, wind and wave forcing, and lifeguard-performed rescues between 306 
2004 and 2008. 307 
 308 
We also added more information about the buoy later in the paper: 309 
 310 
Offshore wave conditions and wind forcing function are based on long-term 311 
meteorological and oceanographic records from an offshore wave buoy located ~100 km 312 
southeast of the study area (buoy 42039; Figure 1). Between 2004 and 2008, this was the 313 
closest buoy to Pensacola Beach and had been previously used to estimate the incident 314 
wave field (Wang and Horwitz, 2007; Claudino-Sales et al., 2008; 2010; Houser et al., 315 
2011) and was the basis for the rip hazard at Pensacola Beach until a new buoy was placed 316 
closer to the beach in 2009.  The available wave data from buoy 42039 included offshore 317 
significant wave height, significant wave period, and 318 

 319 
• L134 – is this significant wave height and period? Or mean?  320 
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 321 
This has been updated to: ….significant wave height, significant wave period, and direction 322 

 323 
• L138 – should be ‘flag colour’  324 
 325 

Corrected 326 
 327 
• L141 – should be ‘number of rescues’  328 
 329 

Corrected 330 
 331 
• L157 – perhaps a Table could be added to show the number of rescues/rescue days per year  332 
 333 
 334 

Rather than a table, we have added a graph showing the interannual variation in rescues 335 
and rescue days.   336 

 337 
 338 
Figure 2.  Interannual variation in number of rescues and rescue days at Pensacola Beach between 339 
2004 and 2008.   340 
 341 
• L159 – I think the term ‘rescue days’ should be formally defined, perhaps in the Methods to 342 

say something like ‘a rescue day is defined as any day that had at least one rescue performed’  343 
 344 
We have added a definition: 345 
 346 
The annual number of rescues and rescue days (ie. days with one or more rescues)…. 347 

 348 
• L161 – the assumption here is that all the rescues were somehow related to nearshore 349 

morphologic conditions, but presumably other factors would influence rescue numbers such as 350 
weather (beachgoing weather), waves, beach user numbers etc.  351 

 352 
We have qualified this statement and provided an explanation for this assumption: 353 
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 354 
It is important to note that the CHAID Analysis does not incorporate nearshore 355 
morphology as an independent variable because changes in nearshore morphology were 356 
not tracked daily over the study period.  In this respect, differences between the posted and 357 
predicted flag colour may reflect lifeguard observations of nearshore morphology 358 
conducive to the development of rip currents despite winds and waves typical of green flag 359 
conditions.   360 

 361 
• L170 – while it is true that this supports the primary hypotheses, I think it’s a bit misleading. 362 

Much more relevant are the results in 177-187 and Table 2. My suggestion would be just to 363 
focus on these (meaning that Table 1 is not needed).  364 

 365 
While this is true, we believe it is important way to start introducing the results of the 366 
data analysis to show at the first level that the number of rescues is larger than expected 367 
when the posted flag and predicted flag are different.  We wouldn’t go to the next level of 368 
analysis (> or < than) if this weren’t true.   369 

 370 
• L180 – comma before but needed (throughout the manuscript as well)  371 

 372 
Corrected here and throughout manuscript 373 
 374 

• L183 – should be ‘an overly. . .’ and ‘. . .. . ..47 days were associated with 268..’ – should 375 
explain briefly why an overly cautious flag can present a danger in the context of this paper  376 

 377 
Corrected 378 

 379 
• L187 – shouldn’t this statement also be backed up by rescue numbers?  380 

 381 
Rescue numbers have been added: 382 
 383 
In comparison, the number of rescues (n=298) was under-represented on days when the 384 
posted flag suggested conditions were not as hazardous (n=74) as the model or were 385 
identical to the model (n=224). 386 

 387 
• L193 – L197 – two statements essentially say the same thing – merge into one – so this 388 

essentially says that the modelled flag colour would have been incorrect?  389 
 390 

We have kept both statements but changed the sentence structure slightly.  Considering 391 
that this is the main finding of the study, we use the first sentence as a general/descriptive 392 
introduction and provide the specific data in the second sentence: 393 
 394 
Specifically, a total of 231 rescues were performed on 37 of the 168 days when the posted 395 
flag was yellow, and the model predicted that the flag colour should be green. 396 
 397 
At this point in the paper (the results) it is not appropriate to say that the model was 398 
incorrect.  We have left this interpretation to the discussion section.   399 
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 400 
• L197 – does the low number of rescues on posted red flag days suggest that the red flags (and 401 

lifeguards) are doing their job? Deterring people from entering the water? Table 3 – to me this 402 
says that the lower number of rescues on red flag days is due to the red flags/lifeguards doing 403 
their job and/or beachgoers clearly recognising that conditions are not good for swimming (or 404 
the weather is inclement).  405 

 406 
This is correct and we have included this interpretation later in the discussion: 407 
 408 
“Most beach users assume that larger breaking waves are more dangerous, and many will 409 
not enter the water if they (and the model) believe that it is a ‘red’ flag condition. This may 410 
partially explain why there were fewer than expected rescues on days when the posted flag 411 
colour was overly conservative (e.g. green or yellow flag was posted when the model 412 
predicted a yellow or red flag, respectively). Independent of the flag or warning signs, 413 
beach users appear to be making personal decisions about the surf and rip hazard…” 414 

 415 
• L213 – should be spelled ‘annually’  416 

 417 
Corrected 418 

 419 
• L237-239 – this sentence does not read properly  420 
 421 

This sentence has been changed to: The continuous collection of input data will allow the 422 
model to evolve and recognize subtle distinctions in wind and wave conditions that 423 
influence flag colour, while ensuring that the model remains computationally efficient.   424 

 425 
• L249 – instead of ‘is appropriate’, should be ‘as being appropriate’  426 

 427 
Corrected 428 

 429 
• L251 – should be ‘wave breaking conditions’  430 

 431 
Corrected. 432 

 433 
• L277 – should reference the study on confirmation bias in relation to rip currents by Menard 434 

et al. (2018) 435 
 436 

This reference has been added to the text and to the reference list. 437 
 438 
Ménard, A.D., Houser, C., Brander, R.W., Trimble, S. and Scaman, A., 2018. The 439 
psychology of beach users: importance of confirmation bias, action, and intention to 440 
improving rip current safety. Natural Hazards, 94(2), pp.953-973. 441 

 442 
RC2 443 
 444 
• Line 25: Which differences? It is not clear  445 
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 446 
This sentence has been updated to: wrong flag colour was flown on ~35% of days between 447 
2004 and 2008 (n=396/1125).  Days with the wrong flag colour represent only 17% of all 448 
rescue days but those days are associated with ~60% of all rescues between 2004 and 449 
2008. 450 
 451 

• Line 29: this seems strange to me; flag deployed over- estimating the risk and more rescues or 452 
drownings present? It seems the beach user does not obey the flag command or, if the sea 453 
condition for the user didn’t match the warning, then the flag warning was correct! Maybe I’ll 454 
understand later on, but I can understand how an overestimation of risk leads to more rescues.  455 

 456 
This is the interesting outcome of the study- the model underpredicting the hazard based 457 
solely on wind and wave data alone.    458 
 459 

• Line 32: So the largest number of rescues is due to people don’t believing the criteria of 460 
lifeguards when choosing the colour of the flag?  461 

 462 
We added some clarifying language here: 463 
 464 
It is possible that the lifeguards were overly cautious, or they identified a rip forced by a 465 
transverse-bar and rip morphology common at the study site.  Regardless, the results 466 
suggest that beach users may be discounting lifeguard warnings if the flag colour is not 467 
consistent with how they perceive the surf hazard or the regional forecast 468 
 469 

• Line 57: In Costa Rica just few beaches do so  470 
 471 

We have clarified this statement: 472 
“….(Brander et al., 2013; NWS, 2017), while rip-related drownings on a relatively small 473 
number of beaches in Costa Rica account for a disproportionately large number of 474 
violent deaths in the country (Arozarena et al., 2015).  However, recent….” 475 

 476 
• Line 69: “. . .(called a transverse bar and rip morphology). . .” I suggest to write the reference 477 

for these classification of beaches which would be Wright and Short (1984).  478 
 479 
Reference added: 480 
 481 
Wright, L.D. and Short, A.D., 1984. Morphodynamic variability of surf zones and beaches: 482 
a synthesis. Marine geology, 56(1-4), pp.93-118. 483 

 484 
• Line 94: When the difference overestimates and underestimates the risk, or only in one of these 485 

cases?  486 
 487 

We have clarified the hypothesis: 488 
 489 

“….difference between the predicted and posted flag colour.  Specifically, it is 490 
hypothesized that a greater number of rescues will occur on days when the model 491 
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underestimated the hazard level compared to the lifeguard who made their decision based 492 
on local observations including the presence of semi-permanent rip channels.  In this 493 
scenario, the public may believe that the lifeguard is being overly cautious leading to 494 
people entering the water.”     495 

 496 
• Line 98: it would be convenient and illustrative the inclusion of a view from above of Pensacola 497 

beach. Google map shows a large rip current system along the beach.  498 
 499 
 500 

 501 
 502 

 503 

 504 

 505 

 506 

 507 

 508 
 509 
 510 
 511 
Figure 512 

1. Map of study site showing location of flagged section of beach and approximate location of 513 
the wave buoy used in the analysis and for regional rip forecasts.  Also shown is the presence of 514 
transverse-bar and rip morphology of the innermost bar and the variable nature of the outermost 515 
bar for the flagged section of beach.  The aerial image is from summer 2004 (before Hurricane 516 
Ivan) and is not necessarily representative of the nearshore morphology throughout the 517 
remainder of the study.  518 

 519 



 13 

• Line 100: the “worst” or the best for beach drowning?  520 
 521 
The quote is to the worst, meaning that it has the greatest number of drownings.   522 
 523 

• Line 115: where is this number coming from? “The innermost bar varies alongshore at a scale 524 
of ∼1000 m, consistent with the ridge and swale bathymetry, and tends to exhibit a transverse 525 
bar and rip morphology immediately landward of the deeper swales.” I would show a map of 526 
the study site, pointing the main access points and other important features. In addition, a 527 
bathymetry contour map would be really appreciated. This would be useful for the reader to 528 
really comprehend the beach morphology.  529 

 530 
References have been added: 531 
 532 
Barrett, G. and Houser, C., 2012. Identifying hotspots of rip current activity using 533 
wavelet analysis at Pensacola Beach, Florida. Physical Geography, 33(1), pp.32-49. 534 
 535 
Houser, C., Hapke, C. and Hamilton, S., 2008. Controls on coastal dune morphology, 536 
shoreline erosion and barrier island response to extreme storms. Geomorphology, 100(3-537 
4), pp.223-240. 538 

 539 
• Line 120-128: I think that some pictures or bathymetric/topographic plots showing the 540 

evolution of the beach during the period described in this paragraph would really help the 541 
reader.  542 
 543 

It is not possible to show adequately show the ridge and swale bathymetry and the 544 
nearshore morphology on the site map, and this level of detail alongshore does not match 545 
the rescue data which has no spatial information.   We have, however, provided references 546 
to the inner shelf bathymetry and impact on nearshore morphology in the text: 547 
 548 
“….inner shelf. The innermost bar varies alongshore at a scale of ~1000 m, consistent with 549 
the ridge and swale bathymetry (Houser et al., 2008), and tends to exhibit a transverse bar 550 
and rip morphology immediately landward of the deeper swales (Barrett and Houser, 551 
2012). Historically, most drownings and rescues on this popular beach have occurred at 552 
these rip hotspots because they correspond to the main access points along the island 553 
(Houser et al., 2015; Trimble and Houser, 2018).”      554 

 555 
• Line 134: it would be nice to have on a map the location of these buoys  556 
 557 

The buoy used in the study has been included in a new Figure (1): 558 
 559 
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 560 
 561 

 562 

 563 

 564 

 565 

 566 

 567 
 568 
 569 
 570 
 571 

 572 
Figure 1. Map of study site showing location of flagged section of beach and approximate 573 
location of the wave buoy used in the analysis and for regional rip forecasts.  Also shown is the 574 
presence of transverse-bar and rip morphology of the innermost bar and the variable nature of the 575 
outermost bar for the flagged section of beach.  The aerial image is from summer 2004 (before 576 
Hurricane Ivan) and is not necessarily representative of the nearshore morphology throughout the 577 
remainder of the study.  578 

 579 
 580 
• Line 130-153: Which exactly are the offshore wave conditions and wind ´ forcing functions 581 

used in the model? 582 
 583 

The independent variables included in the model are now explicitly referenced in the model 584 
description: 585 
 586 
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“….The goal of CHAID analysis is to build a model that helps explain how independent 587 
variables (wind speed, wave height, wave period, wave direction, wind direction and water 588 
level) can be merged……” 589 

 590 
• Is the available data (wave height, period, direction) the same as the data used in the model?  591 

 592 
That is correct. 593 
 594 

• Which exactly are the wave buoys ´ located near the study area? How far are exactly from the 595 
shore? How well correlated are the offshore wave parameters from the buoys to the nearshore 596 
wave climate?  597 
 598 

We have revised the text to describe the location of the buoy to the field site, but also made 599 
note that this was the buoy used in the rip forecasts by the NWS during the study period, 600 
and has been used in several other studies to describe the wave field incident to Pensacola 601 
Beach: 602 

 603 
“….~100 km southeast of the study area (buoy 42039; Figure 1). Between 2004 and 2008, 604 
this was the closest buoy to Pensacola Beach and had been previously used to estimate the 605 
incident wave field (Wang and Horwitz, 2007; Claudino-Sales et al., 2008; 2010; Houser 606 
et al., 2011) and was the basis for the rip hazard at Pensacola Beach until a new buoy was 607 
placed closer to the beach in 2009.  The….” 608 

 609 
We have also included a figure to show the location of the buoy: 610 

 611 

 612 
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 613 

Figure 1. Map of study site showing location of flagged section of beach and 614 
approximate location of the wave buoy used in the analysis and for regional rip forecasts.  615 
Also shown is the presence of transverse-bar and rip morphology of the innermost bar 616 
and the variable nature of the outermost bar for the flagged section of beach.  The aerial 617 
image is from summer 2004 (before Hurricane Ivan) and is not necessarily representative 618 
of the nearshore morphology throughout the remainder of the study.  619 

 620 
 621 

• I would enrich the description of the CHAID technique with references showing cases where 622 
this statistical tool has been applied. 623 

 624 
We have included some examples of how CHAID has previously been used in natural 625 
hazard research with a focus on those that include perception and decision-making: 626 
 627 
Previous use of CHAID analysis in hazard studies include landslide prediction (e.g. 628 
Althuwaynee et al., 2014), farmer perception of flooding hazard (Bielders et al., 2003; 629 
Tehrany et al., 2015), and property owner perception and decision making along an 630 
eroding coast (Smith et al., 2017). 631 

 632 
• Line 143: Which are exactly the variables the model uses? Only wave and wind forcing? It is 633 

not clear. Does the model use variables relate to nearshore morphology? If not, why does the 634 
model identifies situations related to morphology not detected by lifesavers? Or maybe is the 635 
lifesavers which identifies those situations and not the model? Those things are not clear here 636 
and in the discussion section. 637 

 638 
The independent variables included in the model are now explicitly referenced in the model 639 
description: 640 

 641 
“….The goal of CHAID analysis is to build a model that helps explain how independent 642 
variables (wind speed, wave height, wave period, wave direction, wind direction and water 643 
level) can be merged……” 644 

 645 
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 We have also provided further clarification in the first part of the results section: 646 
 647 

It is important to note that the CHAID Analysis does not incorporate nearshore 648 
morphology as an independent variable because changes in nearshore morphology were 649 
not tracked daily over the study period.  In this respect, differences between the posted and 650 
predicted flag colour may reflect lifeguard observations of nearshore morphology 651 
conducive to the development of rip currents despite winds and waves typical of green flag 652 
conditions.   653 
 654 

• Lines 159 “The annual number of rescues and rescue 159 days varied by year with a peak in 655 
both the total number of rescues and the number of rescue days” It would be good to better 656 
define the differences between number of rescues and the number of rescue days. It would be 657 
also necessary to properly define rescue day. 658 

 659 
We have provided a definition of rescue day in the sentence: 660 
 661 
The annual number of rescues and rescue days (ie. days with one or more rescues) varied 662 
by year, with a peak in both the total number of rescues and the number of rescue days in 663 
2005. 664 
 665 

• L 227-229 “While rescues did not occur on a vast majority of the days when the posted and 666 
predicted flag were different, they accounted for a disproportionately large number of the 667 
rescues.” Perhaps the term “disproportionately large number” is exaggerated as the number it 668 
refers to is just the 60% of the rescues.  669 

 670 
We have replaced “disproportionately large number” with “majority of”: 671 
 672 
 While rescues did not occur on a vast majority of the days when the posted and predicted 673 
flag colours were different, days when the predicted and posted flag colours were different 674 
accounted for a majority of the rescues. 675 
 676 

• L 230-232 “Rather, the results suggest that the difference between the posted and predicted 677 
flag colors is associated with the morphology of the innermost nearshore bar which is not 678 
captured by a model and forecast based on wind and wave forcing alone.” This is a very strong 679 
statement as it assumes that the decision made by the beach manager are 100% correct and 680 
thus the model is “bad” because it does not account for all the information that the manager 681 
have like the beach morphology. However, how accurate the beach managers can really discern 682 
beach morphology? Is there any statistics available such as successful rates of discerning beach 683 
morphology by lifeguards?  684 

 685 
We qualified the focus on nearshore morphology in this sentence and the remainder of the 686 
paragraph: 687 
 688 
“Rather, the results suggest that the difference between the posted and predicted flag 689 
colour could be associated with the lifeguards noting that the nearshore had a transverse 690 
bar and rip morphology, which is common at this location.   The morphology of the 691 
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nearshore and other variables that could influence whether a beach user will enter the 692 
water or not (e.g. weather, number of beach users or presence of seaweed) are not captured 693 
by the current model, which is based on wind and wave forcing alone.  The model 694 
developed in this study is similar to rip forecasts produced by the US National Weather 695 
Service (NWS), and does not include local variables known to the beach manager based 696 
on experience and years of careful observation.  Discrepancies between the predicted and 697 
posted flag colours provide a basis for future model development and expansion.  698 
Incorporating more data into the model will it to evolve and better capture the variables 699 
that influence the colour of flag chosen by the lifeguards, while ensuring that the model 700 
remains computationally efficient.  Introducing additional variables, such as nearshore 701 
morphology, to the model has the potential to better capture a lifeguard or beach 702 
manager’s understanding of what constitutes dangerous surf conditions at their beach.  At 703 
the same time, it is also important to examine the accuracy of beach managers and 704 
lifeguards in assessing the nearshore morphology and potential for rip development.” 705 

 706 
• L 242 “to the model has the potential to better capture a lifeguard or beach manager’s intuition 707 

associated with dangerous surf conditions.” Again, it is assumed that the lifeguard “intuition” 708 
is beyond failure. 709 

 710 
This is correct.  We have changed the sentence to focus on understanding: “….the potential 711 
to better capture a lifeguard or beach manager’s understanding of what constitutes 712 
dangerous surf conditions at their beach.” 713 

 714 
• L 258, 276, 283 In these lines phrases such as “erode confidence” are “thrust is eroded” are 715 

used. I would suggest to rewriting these phrases and replacing “erode” by other words like 716 
“lost” for example. 717 

 718 
These have been changed to:  719 
 720 
Whether this causes beach users to lose confidence in the lifeguards and other authorities 721 
managing the beach is an important question for future research. 722 
 723 
the more trust in authority is lost - a beach 724 
 725 
beach user, which can cause them to lose their confidence in the lifeguards. 726 

 727 
 728 
 729 
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Abstract 741 

 742 

Rips currents and other surf hazards are an emerging public health issue globally. Lifeguards, 743 

warning flags and signs are important and to varying degrees they are effective strategies to 744 

minimize risk to beach users. In the United States and other jurisdictions around the world, 745 

lifeguards use coloured flags (green, yellow and red) to indicate whether the danger posed by the 746 

surf and rip hazard is low, moderate, or high respectively. The choice of flag depends on the 747 

lifeguard(s) monitoring the changing surf conditions along the beach and over the course of the 748 

day using both regional surf forecasts and careful observation. There is a potential that the chosen 749 

flag is not consistent with the beach user perception of the risk, which may increase the potential 750 

for rescues or drownings. In this study, machine learning is used to determine the potential for 751 

error in the flags used at Pensacola Beach, and the impact of that error on the number of rescues. 752 

Results of a decision tree analysis indicate that the colour flag chosen by the lifeguards was 753 

different from what the model predicted for 35% of days between 2004 and 2008 (n=396/1125).  754 

Days when there is a difference between the predicted and posted flag colour represent only 17% 755 

of all rescue days but those days are associated with ~60% of all rescues between 2004 and 2008. 756 

Further analysis reveals that the largest number of rescue days and total number of rescues is 757 

associated with days where the flag deployed over-estimated the surf and hazard risk, such as a 758 

red or yellow flag flying when the model predicted a green flag would be more appropriate based 759 

on the wind and wave forcing alone. While it is possible that the lifeguards were overly cautious 760 

it is argued that they most likely identified a rip forced by a transverse-bar and rip morphology 761 

common at the study site.  Regardless, the results suggest that beach users may be discounting 762 

lifeguard warnings if the flag colour is not consistent with how they perceive the surf hazard or 763 

the regional forecast. Results suggest that machine learning techniques have the potential to 764 

support lifeguards and thereby reduce the number of rescues and drownings.  765 

 766 

Keywords: rip current, surf zone, beach safety, beach hazard 767 
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Introduction  786 

 787 

Rip currents are the main hazard to recreational swimmers and bathers, and, in recent years, 788 

have been recognized as a serious global public health issue (Brighton et al., 2013; Woodward et al., 789 

2013; Kumar and Prasad et al., 2014; Arozarena et al., 2015; Brewster et al., 2019; Vlodarchyk et al., 790 

2019). Rips are strong, seaward-directed currents that can develop on beaches characterized by 791 

wave breaking within the surf zone (Castelle et al., 2016), and are capable of transporting 792 

swimmers a significant distance away from the shoreline into deeper waters. Weak swimmers or 793 

those who try and fight the current can become stressed and experience panic (Brander et al., 2011; 794 

Drozdzewski et al., 2015) leading to increased adrenaline, an elevated heart rate and blood 795 

pressure, and rapid and shallow breathing. On recreational beaches in Australia and the United 796 

States, rips have been identified as the main cause of drownings and are believed to be responsible 797 

for nearly 80% of all rescues (Brighton et al., 2013; Brewster et al., 2019). It is estimated that the 798 

annual number of rip current drownings exceeds the number of fatalities caused by hurricanes, 799 

forest fires, and floods in Australia, the United States (Brander et al., 2013; NWS, 2017), while 800 

rip-related drownings on a relatively small number of beaches in Costa Rica account for a 801 

disproportionately large number of violent deaths in the country (Arozarena et al., 2015).  802 

However, recent evidence suggests that public knowledge of this hazard is limited (Brander et al., 803 

2011; Williamson et al., 2011; Brannstrom et al., 2014; 2015; Gallop et al., 2016; Fallon et al., 804 

2018; Menard et al., 2018; Silva-Cavalcanti et al., 2018; Trimble and Houser, 2018), and that few 805 

people are interested in rip currents compared to other hazards (Houser et al., 2019).  806 

Many beaches have warning signs at primary access points to warn beach users of the rip 807 

hazard, but recent studies suggest that signs may not be effective (e.g. Matthews et al., 2014; 808 

Brannstrom et al. 2015). Many beaches also use a combination of beach flags to either designate 809 

the location of supervised and safe swimming areas (e.g. Australia and the United Kingdom), or 810 

areas and times to avoid entering the water (e.g. Costa Rica and the US). Unfortunately, not every 811 

country uses the same flagging convention and there are regional variations that can lead to 812 

confusion amongst beach users. The United States and Canada use green, yellow, and red coloured 813 

flags to indicate whether the danger posed by the surf and rip hazard is low, moderate, or high, 814 

respectively (ILSF, 2004). A beach manager or lifeguard decides on the surf hazard and the flag 815 

colour to fly based on a combination of daily updates on rip conditions provided by local lifeguards 816 
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as well as a rip forecast from the US National Weather Service (NWS). Most rip forecasts are 822 

based on a simple correlation between the number of rip-related rescues and meteorological and 823 

oceanographic conditions on that day (Lushine, 1991a, b; Lascody, 1998; Engle, 2002; Dusek and 824 

Seim, 2013; Kumar and Prasad, 2014; Scott et al., 2014; Moulton et al., 2017). These forecasts do 825 

not account for the surf zone morphology, which may be conducive to the development of rips on 826 

days when wave breaking is relatively weak. Even under ‘green flag’ days, the presence of shore-827 

attached nearshore bars (called a transverse bar and rip morphology; Wright and Short, 1984) can 828 

force a current of ~0.5 m s-1 that can pose a threat to weak swimmers (Houser et al, 2013).  829 

Rip currents can still be present even if a regional forecast predicts that the hazard potential 830 

is low based on wind and wave conditions. Beach users can be at risk if the flag colour is based 831 

solely on the regional forecast.  To be effective, the flag system requires lifeguards to continuously 832 

assess surf conditions and monitor swimmers and bathers, and ultimately intervene if someone 833 

does not heed the warning implied by a yellow or red flag indicating moderate and high (‘do not 834 

enter the water’) hazard levels respectively. Recent evidence suggests that many beach users do 835 

not adhere to warnings if their own experience (whether accurate or not) or behavior of others on 836 

the beach, contradicts the hazard, as indicated by the warning flag (Houser et al., 2017; Menard et 837 

al., 2018). Beachgoers may lose trust in authority (i.e. the lifeguards) if a forecast is perceived, 838 

wrongly or rightly, to be inaccurate (Espluga et al., 2009). If the forecast is for dangerous surf 839 

conditions and a yellow or red flag is placed on the beach when conditions appear to the beach 840 

user to be relatively calm, the beach user may discount or ignore the forecast now and, in the 841 

future, if they enter the water and do not experience any difficulties. Trust and confidence in the 842 

authority figures can be eroded if they believe that the lifeguards are being overly cautious. It can 843 

be difficult to change (or ‘reset’) public perception about the accuracy of the flag system as soon 844 

as a discrepancy is perceived, and subsequent visits and experiences may confirm the biases of the 845 

beach user (Houser et al., 2018). It is a situation analogous to the boy who cries “wolf” (Wachinger 846 

et al., 2013).  847 

This study examines the consistency of flag warnings at Pensacola Beach, Florida between 848 

2004 and 2008 when daily data is available for flag colour, wind and wave forcing, as well as the 849 

daily number of rescues performed by lifeguards. A decision tree, a form of machine learning, is 850 

used to predict the posted flag colour using lifeguard observations in combination with wind and 851 

wave forcing. The modelled flag colour, based solely on wave and wind forcing, can be compared 852 
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to the flag colour posted by the lifeguards on a particular day to identify days when there is a 864 

difference and how that influences the number of rescues performed on that day. It is hypothesized 865 

that there will be a greater number of rescues performed on days when there is a difference between 866 

the predicted and posted flag colour.  Specifically, it is hypothesized that a greater number of 867 

rescues will occur on days when the model underestimated the hazard level compared to the 868 

lifeguard who made their decision based on local observations including the presence of semi-869 

permanent rip channels.  In this scenario, the public may believe that the lifeguard is being overly 870 

cautious leading to people entering the water.     871 

 872 

Study Site 873 

 874 

The analysis was completed at Pensacola Beach, Florida (Figure 1), where there is 875 

available records of daily flag colours, wind and wave forcing, and lifeguard-performed rescues 876 

between 2004 and 2008. The beaches of the Florida Panhandle have been described ‘‘as the worst 877 

in the nation for beach drowning’’ (The Tuscaloosa News, 2002), based on the presence of semi-878 

permanent rips along the length of the island (Houser et al., 2011; Barrett and Houser, 2012). These 879 

rips can be active and pose a threat to swimmers when conditions may appear to be safe for 880 

swimming (Houser et al., 2013). During the period of the study (2004-2008), the Santa Rosa Island 881 

Authority maintained a flagging system to alert beach users about the heavy surf and rip hazard 882 

based on the NWS rip forecast. The highest flag colour for that day was recorded by the Island 883 

Authority, along with the number of prevents, assists, and rescues. The Island Authority reserve 884 

the rescue definition for those persons in extreme difficulty who, in the opinion of the lifeguard, 885 

would have drowned without assistance.  886 

Rescues, assists, and prevents are recorded regardless of whether they are conducted in a 887 

‘guarded’ area, a designated swimming area where there are typically many beach users (Casino 888 

Beach, Fort Pickens Gate Beach, and Park East), or along the ~13 kms of unguarded beach where 889 

lifeguards conduct regular patrols and respond to emergency calls. As shown by Barrett and 890 

Houser (2013), there are rip current hotspots with semi-permanent alongshore variation in the 891 

nearshore morphology due to a ridge and swale bathymetry on the inner shelf. The innermost bar 892 

varies alongshore at a scale of ~1000 m, consistent with the ridge and swale bathymetry (Houser 893 

et al., 2008), and tends to exhibit a transverse bar and rip morphology immediately landward of 894 
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the deeper swales (Barrett and Houser, 2012; see Figure 1). Historically, most drownings and 905 

rescues on this popular beach have occurred at these rip hotspots because they correspond to the 906 

main access points along the island (Houser et al., 2015; Trimble and Houser, 2018).  907 

 Santa Rosa Island experienced widespread erosion and washover during Hurricane Ivan in 908 

September 2004. The storm reinforced the alongshore variation in the nearshore bar morphology 909 

and forced the bars farther offshore. As described in Houser et al. (2015), the nearshore bars 910 

migrated landward and recovered to the beachface for 3 years following the storm. During this 911 

period, the inner-bar morphology transitioned from a rhythmic bar and beach morphology to a 912 

transverse bar and rip morphology before ultimately attaching to the beachface in May 2008 913 

(Houser and Barrett, 2010). This changing bar morphology is a primary control on the presence of 914 

rip channels, with the greatest density of rips present in 2005 as the inner-most bar first started to 915 

develop a transverse bar and rip morphology (Houser et al., 2011).  916 

 917 

Methodology 918 

 919 

Offshore wave conditions and wind forcing function are based on long-term meteorological 920 

and oceanographic records from an offshore wave buoy located ~100 km southeast of the study 921 

area (buoy 42039; Figure 1). Between 2004 and 2008, this was the closest buoy to Pensacola Beach 922 

and had been previously used to estimate the incident wave field (Wang and Horwitz, 2007; 923 

Claudino-Sales et al., 2008; 2010; Houser et al., 2011) and was the basis for the rip hazard at 924 

Pensacola Beach until a new buoy was placed closer to the beach in 2009.  The available wave 925 

data from buoy 42039 included offshore significant wave height, significant wave period, and 926 

direction, and the wind data included speed and direction.  Local water level data was acquired 927 

from a station at the Port of Pensacola just north of the study site. A decision tree analysis was 928 

used to determine what combination of wave and wind forcing was associated with the flag posted 929 

by the Santa Rosa Island Authority on that day. After training on the available dataset, the model 930 

produces a decision tree that can be used for future decisions about what flag colour should be 931 

posted, although further training would be required to validate the model and operationalize. The 932 

modelled (i.e. predicted) flag colour is then compared to the posted flag colour for all days to 933 

determine if there is a relationship between the flag colour and the number of rescues. The 934 
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comparison is also used to determine if there is a specific combination of wind and wave forcing 939 

on the days when the modelled flag colour and the posted flag colour do not align.  940 

A decision tree model was developed using the Chi-square Automatic Interaction Detector 941 

(CHAID) technique developed by Kass (1980). The goal of CHAID analysis is to build a model 942 

that helps explain how independent variables (wind speed, wave height, wave period, wave 943 

direction, wind direction and water level) can be merged to explain the results in a given dependent 944 

variable. To develop a decision tree, the first step is declaring the root node, this corresponds to 945 

the target variable that will be predicted throughout the model. Then, the independent variable that 946 

provides the most information about the target values is identified. The root node is then split on 947 

this independent variable into statistically significant different subgroups using the F-test. These 948 

subgroups are then split using the predictor variables that provide the most information about them. 949 

CHAID analysis continues this process until terminal nodes are reached and no splits are 950 

statistically significant.  Previous use of CHAID analysis in hazard studies include landslide 951 

prediction (e.g. Althuwaynee et al., 2014), farmer perception of flooding hazard (Bielders et al., 952 

2003; Tehrany et al., 2015), and property owner perception and decision making along an eroding 953 

coast (Smith et al., 2017). 954 

 955 

Results 956 

 957 

The decision tree model was trained on the 1125 days with complete data between 2004 958 

and 2008.  Over this same period there were 145 days with rescues. The annual number of rescues 959 

and rescue days (ie. days with one or more rescues) varied by year, with a peak in both the total 960 

number of rescues and the number of rescue days in 2005. The number of rescues was at a 961 

minimum in 2007, while the number of rescue days was at a minimum in 2006 (Figure 3). The 962 

number of rescues decreased linearly between 2005 and 2007 as the nearshore bar morphology 963 

continued to recover following Hurricane Ivan and welded to the beachface consistent with 964 

previous observations at the site (Houser et al., 2011).  It is important to note that the CHAID 965 

Analysis does not incorporate nearshore morphology as an independent variable because changes 966 

in nearshore morphology were not tracked daily over the study period.  In this respect, differences 967 

between the posted and predicted flag colour may reflect lifeguard observations of nearshore 968 
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morphology conducive to the development of rip currents despite winds and waves typical of green 972 

flag conditions.   973 

The decision tree analysis suggests that the posted flag colour was not predicted by the 974 

model on 35% of days between 2004 and 2008 (n=396). There was a total of 342 rescues over 66 975 

days when the model predicted a different flag than was posted representing over 60% of all 976 

rescues (Table 1). By comparison, 40% of all rescues (n=224) occurred over 79 days when the 977 

predicted and posted flags were the same. Chi-square analysis suggests that the number of rescue 978 

days is significantly greater at the 95% confidence level when the predicted and posted flags are 979 

different (c2=7.77, r~0.005). This supports the hypothesis that there are a greater number of 980 

rescues performed on days when there is a discrepancy between the predicted and posted flag 981 

colour.   982 

 983 

Table 1.  Results of Chi-square analysis of posted and predicted flag colour versus rescue and no 984 
rescue days at Pensacola Beach, Florida between 2004 and 2008.   985 
 986 

 Rescue Days No Rescue Days  

Posted=Predicted 79 650 c2=7.77, r~0.005 

Posted≠Predicted 66 330 

 987 

Chi-square analysis was also used to determine if the number of rescue days depends on 988 

whether the model predicts a flag of greater or lesser hazard compared to the posted flag (Table 989 

2). Results suggest that the number of rescue days is greater when the model predicts hazardous 990 

surf (i.e. red or yellow flag), but the posted flag was either yellow or green (c2=18.11, r~0.0001). 991 

The number of rescue days was over-represented when the posted flag colour was red or yellow, 992 

but the model predicted that the flag should have been yellow or green, respectively, suggesting 993 

that posting what a beach user may perceive as an overly cautious flag can present a danger. These 994 

47 days were associated with 268 of the total 566 rescues between 2004 and 2008, or ~7.2 rescues 995 

per day when the island authority posted a more cautious flag then was predicted by the model . 996 

In comparison, the number of rescues (n=298) was under-represented on days when the posted 997 

flag suggested conditions were not as hazardous (n=74) as the model or were identical to the model 998 

(n=224).  999 
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Table 2.  Results of Chi-square analysis of posted and predicted flag colour versus rescue and no 1007 
rescue days at Pensacola Beach, Florida between 2004 and 2008.   1008 
 1009 

 Rescue Days No Rescue Days  

Posted>Predicted 47 171 c2=18.11, r~0.0001 

Posted<Predicted 19 159 

Posted=Predicted 79 650 

 1010 

The greatest number of rescues were performed on days when the posted flag was yellow 1011 

(moderate hazard, moderate surf and/or currents), but the model predicted a green flag (low hazard, 1012 

relatively calm surf and/or currents) based on the wind and wave forcing. Specifically, a total of 1013 

231 rescues were performed on 37 of the 168 days when the posted flag was yellow, and the model 1014 

predicted that the flag colour should be green. In comparison, there were only 12 rescues on 3 of 1015 

20 days when the posted flag was red (high hazard, strong surf and/or currents) and the model 1016 

predicted flag colour was green.. Finally, there were 25 rescues preformed on 7 of 30 days when 1017 

a red flag was posted, and the model predicted a yellow flag was appropriate. The number of 1018 

rescues and rescue days when the posted flag was more cautious than predicted by the model were 1019 

at a maximum in 2005 and linearly decreased to a minimum in 2007 as the bar morphology 1020 

recovered from Hurricane Ivan.  1021 

While there were fewer than expected rescue days when the posted flag was green or 1022 

yellow and the model predicted a yellow or red flag, rescues were still performed on those days. 1023 

There was a total of 66 rescues on 13 of 80 days when the posted flag was yellow, but the model 1024 

predicted a red flag should be posted (Table 3). Only 7 rescues were performed on 5 of the 83 days 1025 

when the posted flag was green and the model predicted a yellow flag, with even fewer rescues 1026 

performed on days when the posted flag was green, but should have been red. The number of 1027 

rescues and rescue days when the posted flag was lower than the predicted flag decreased from 1028 

2004 to 2007, with a statistically significant outlier in 2008. The large number of rescues in 2008 1029 

is the result of 2 days with 13 rescues each (April 19 and September 14), when a yellow flag was 1030 

being flown, but the model predicted a red flag was more appropriate.  This suggests that the 1031 

difference between posted and predicted flag colours can vary inter-annually with changes in the 1032 

nearshore morphology and/or changes in the individual who makes the flag decision.   1033 

 1034 

Deleted: A1035 

Deleted: yellow1036 

Deleted: was 1037 

Deleted: . 1038 

Deleted: posted1039 

Deleted:  was appropriate1040 

Deleted: annualy1041 

Deleted: ¶1042 



 28 

Table 3. Number of days and rescues (in brackets) based on the combination of posted and 1043 
predicted flag colours.  1044 
  Predicted Flag 

  G Y R 

Posted Flag G 475 (48) 83 (7) 15 (1) 

Y 168 (231) 154 (125) 80 (66) 

R 20 (12) 30 (25) 100 (51) 

 1045 

Discussion 1046 

Results of the present study suggest that over 60% of all rescues at Pensacola Beach, 1047 

Florida between 2004 and 2008 occurred on days when the posted hazard flag was different from 1048 

the flag colour predicted by a decision tree model.  The posted flag colour was not predicted by 1049 

the model on 35% of days between 2004 and 2008 (n=396), with one or more rescues occurring 1050 

on 66 of those days (~17%). While rescues did not occur on a vast majority of the days when the 1051 

posted and predicted flag colours were different, days when the predicted and posted flag colours 1052 

were different accounted for a majority of the rescues. This is not to suggest that Santa Island 1053 

Authority made a mistake in their flag choice. Rather, the results suggest that the difference 1054 

between the posted and predicted flag colour could be associated with the lifeguards noting that 1055 

the nearshore had a transverse bar and rip morphology, which is common at this location.   The 1056 

morphology of the nearshore and other variables that could influence whether a beach user will 1057 

enter the water or not (e.g. weather, number of beach users or presence of seaweed) are not 1058 

captured by the current model, which is based on wind and wave forcing alone.  The model 1059 

developed in this study is similar to rip forecasts produced by the US National Weather Service 1060 

(NWS), and does not include local variables known to the beach manager based on experience and 1061 

years of careful observation.  Discrepancies between the predicted and posted flag colours provide 1062 

a basis for future model development and expansion.  Incorporating more data into the model will 1063 

it to evolve and better capture the variables that influence the colour of flag chosen by the 1064 

lifeguards, while ensuring that the model remains computationally efficient.  Introducing 1065 

additional variables, such as nearshore morphology, to the model has the potential to better capture 1066 

a lifeguard or beach manager’s understanding of what constitutes dangerous surf conditions at 1067 

their beach.  At the same time, it is also important to examine the accuracy of beach managers and 1068 

lifeguards in assessing the nearshore morphology and potential for rip development.   1069 
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The model predictions and most forecasts are based solely on wind and wave forcing 1095 

(Lushine, 1991a, b; Lascody, 1998; Engle, 2002; Dusek and Seim 2013; Arun Kumar and Prasad, 1096 

2014; Scott et al., 2014; Moulton et al., 2017). Noticeably absent from the current model is surf 1097 

zone morphology, which ultimately determines whether a rip can develop under those conditions 1098 

or not. The beach manager and lifeguard can observe the nearshore morphology and assess the 1099 

potential for rip development, which would lead to them putting out a yellow or red flag when the 1100 

model would predict a green or yellow flag as being appropriate. While beach managers and 1101 

lifeguards are being prudent, their assessment may not conform to those of the beach user who 1102 

decides on whether the water is safe or not based on wave breaking conditions (Caldwell et al., 1103 

2013; Brannstrom et al., 2013; 2015). Most beach users assume that larger breaking waves are 1104 

more dangerous, and many will not enter the water if they (and the model) believe that it is a ‘red’ 1105 

flag condition. This may partially explain why there were fewer than expected rescues on days 1106 

when the posted flag colour was green or yellow flag and the model predicted a yellow or red flag, 1107 

respectively. Independent of the flag or warning signs, beach users appear to be making personal 1108 

decisions about the surf and rip hazard (Brannstrom et al., 2015) based on experience at the site or 1109 

elsewhere (see Houser et al., 2018). Whether this causes beach users to lose confidence in the 1110 

lifeguards and other authorities managing the beach is an important question for future research.  1111 

 A large number of rescues occurred when the posted flag was yellow, but the model 1112 

predicted the wind and wave forcing warranted a green flag. Rightly or wrongly, the beach user 1113 

will observe that wave breaking is limited and assume that conditions must be safe. As shown by 1114 

Caldwell et al. (2013) and Brannstrom et al. (2013) most beach users along the Gulf Coast of the 1115 

United States assume that the calm flat water of a rip is safer than adjacent areas where the waves 1116 

are breaking. The lifeguard, however, may observe a bar morphology that is conducive to the 1117 

development of rips and post a yellow flag to warn about the potential for rips, despite the weak 1118 

wind and wave forcing. As observed by Houser and Barrett (2012), rips with speeds of ~0.5 m/s 1119 

can develop on ‘green flag’ days because of the transverse bar and rip morphology that is present 1120 

in the inner-nearshore. This would suggest that posting a green flag should never be permitted 1121 

when wind and swell waves are breaking over the bar, even if the regional forecast suggests a low-1122 

level hazard that day.  As shown by Scott et al. (2014), rescues are still possible with seemingly 1123 

‘fine weather’ conditions when a green flag would be predicted by the model or in regional 1124 
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forecasts.  Even in the presence of small swell wave, breaking can be induced as water levels fall 1133 

with the tide (Castelle et al. 2016).   1134 

It is difficult for beach users to spot a rip or assess the potential for rip development, and 1135 

they may assume that the lifeguard is being overly cautious if they perceive fine-weather 1136 

conditions and the lifeguard posts a yellow or red flag. Going to the beach is a reward-based 1137 

activity, and many people commit significant personal and financial investment to be at the beach 1138 

(Houser et al., 2018). If they believe that the lifeguard is ‘wrong’ they will ignore the warning and 1139 

remain committed to entering the water. The longer and more times that their perceptions are 1140 

inconsistent with the experience and knowledge of the lifeguard, the more trust in authority is lost 1141 

- a beach that is perceived to be safe based on experience will always be safe despite warnings to 1142 

the contrary (Menard et al., 2018). This is an example of confirmation bias, in which an opinion 1143 

quickly becomes entrenched and subsequent evidence is used to either bolster the belief or is 1144 

rapidly discarded. How this can be addressed to reduce the number of rescues is an important focus 1145 

for future research on rips and other hazards in general.  1146 

The results of this study also highlight the limitations of regional rip forecasts that are used 1147 

in the United States and elsewhere around the world. A forecast based solely on the wind and wave 1148 

forcing does not account for the nearshore morphology, which determines the potential for rip 1149 

development. This raises one of the most important considerations for future modeling efforts 1150 

based on machine learning techniques - the model will only be accurate if the bar morphology and 1151 

conceptual knowledge of the lifeguard is included as input variables. Getting the beach user to 1152 

observe and heed that forecast and warning, however, will remain a challenge.   1153 

 1154 

Conclusions 1155 

Lifeguards and beach managers decide on warnings and flag colours based on careful 1156 

monitoring of the changing surf conditions along the beach and over the course of the day using 1157 

both regional surf forecasts and direct observation. A decision tree analysis predicts a flag colour 1158 

different to the one flown on ~35% of days between 2004 and 2008 (n=396/1125), and that those 1159 

differences account for only 17% of all rescue days and ~60% of the total number of rescues. The 1160 

posting of a yellow flag when the model would predict a green flag based solely on the wind and 1161 

wave forcing was found to be responsible for the largest number of rescues over the study period. 1162 

Variables such as the nearshore morphology and the potential for rip development is not included 1163 
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in traditional forecasts or the model developed in this paper, and most beach users use a simple 1168 

assessment of wave breaking to determine if the water is safe. Even though a lifeguard will post 1169 

the appropriate flag based on direct observation of the bar morphology and experience, the beach 1170 

user, like simple models based solely on meteorological data, may not believe that warning and 1171 

still enter the water. This suggests that reducing the number of rip and surf rescues will require 1172 

that we are able to address confirmation bias on the part of the beach user, which can cause them 1173 

to lose their confidence in the lifeguards.  1174 
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Figures 1305 

 1306 

 1307 

 1308 

Figure 1. Map of study site showing location of flagged section of beach and approximate 1309 
location of the wave buoy used in the analysis and for regional rip forecasts.   1310 
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 1314 

 1315 

 1316 

 1317 
 1318 
 1319 
 1320 
 1321 

 1322 
Figure 2.  Satellite image of the flagged section of beach in 2004 (before Hurricane Ivan) 1323 
showing the presence of transverse-bar and rip morphology of the innermost bar and the variable 1324 
nature of the outermost bar for the flagged section of beach.  The aerial image is not necessarily 1325 
representative of the nearshore morphology throughout the remainder of the study.  1326 
 1327 
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 1328 

Figure 3.  Interannual variation in number of rescues and rescue days at Pensacola Beach between 1329 
2004 and 2008.   1330 
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