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A B S T R A C T   

The prediction of survival time for those immersed in water remains a key element in the function of search and 
rescue organisations around the globe. The data on which such predictions are made come from laboratory 
studies and actual incidents. The UK National Immersion Incident Survey (UKNIIS) represents one of the largest 
surveys undertaken in this area. The UKNIIS data are obtained by questionnaire from immersion incidents 
around the British Isles. The survey has been in operation since 1991 and at the time of writing contained almost 
1600 cases. The aim of the present work was to analyse these cases with the aim of establishing a model for the 
prediction of survival time in water. This analysis is described in this paper: two model approaches are presented 
and their strengths and weaknesses are discussed. Recommendations for the use and development of such models 
are made.   

1. Introduction 

Search and rescue (SAR) activity for those lost in water is founded on 
the desire to find someone alive; it follows that a search should not be 
abandoned when the possibility remains of leaving someone alive in the 
water. An objective and accurate tool for guiding SAR activity will 
optimise this objective, whilst minimising the risk to rescuers and costs, 
and maximising the availability of SAR assets. Such a tool will also help 
explain decisions to next of kin and, in some high-profile cases, to the 
media and politicians. Thus, the accurate prediction of survival time for 
those immersed in water remains a critical foundation for the optimal 
function of search and rescue organisations around the globe. This 
prediction requires a) an assumption to be made about the cause of 
death on immersion and b) if the cause of death is the result of deep body 
tissue cooling to an agreed temperature, a method for estimating the 
time to that temperature must be determined. The resulting prediction 
of survival time must then be translated into a search time that achieves 
the objectives noted above. 

1.1. Cause of death on immersion 

Death during an immersion can result from a range of physiological 
responses including cold shock, neuromuscular cooling and 

hypothermia (Golden and Tipton, 2002): these responses result in 
drowning and/or cardiac arrest. Many cold water immersion-related 
deaths occur in the first minutes of submersion of the airways due to 
the cold shock response (Tipton, 1989), with successful rescue and 
resuscitation being possible up to 30 min, but sometimes 90 min with 
children/small adults in very cold, usually fresh, water (Tipton and 
Golden, 2011). 

With longer immersions, death occurs when superficial neuromus-
cular cooling or unconsciousness due to hypothermia incapacitate in-
dividuals to the point that they can no longer exercise to stay afloat and, 
therefore, drown. If wearing a lifejacket (personal flotation device 
[PFD]) with a retention system and splash guard (Lunt et al., 2014), it is 
possible that individuals will survive these threats, finally succumbing to 
the direct effects of cooling on the heart. 

Historically, it has been the longer term survival scenarios that have 
been the focus of survival time estimations and therefore search and 
rescue policy. The terminal temperature for estimating survival times 
has tended to be represented by a deep body temperature (Tdb). 
Although in some cases, the Tdb chosen has been used as an estimation of 
time to incapacitation due to peripheral cooling or cognitive impair-
ment, rather than a direct effect of cooling on the heart (Tikuisis, 1997; 
Tikuisis and Keefe, 2001). As a consequence, Tdb values ranging from 25 
to 34 ◦C have been used as the “lethal” deep body temperature (Golden 
and Tipton, 2002). 
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1.2. Method for estimating the rate of cooling/survival time 

A variety of methods have been employed to estimate cooling rate 
including: the interrogation of data from actual incidents (Molnar, 1946; 
Xu and Giesbrecht, 2018); extrapolations from laboratory or field 
experimental data (Hayward et al., 1975; Hayward and Eckerson, 1984; 
Golden and Tipton, 2002); and the use of mathematical models of the 
human thermoregulatory system (Wissler, 2003; Xu and Tikuisis, 2014). 
As a result of this work, different predictions of survival time (ST) for 
those accidently immersed have been developed. For example:  

ST (min) = 15 + 7.2/(0.0785–0.0034) ⋅ Tw (Hayward et al., 1975)               

Where: Tw = water temperature (◦C)  

ST (hours) = 0.0547 ⋅ T2 + 0.5048 T + 1.3604 (Xu and Giesbrecht, 2018)    

Where: T = water temperature (◦C). 
This work has also resulted in predictive models such as the Cold 

Exposure Survival Model (Tikuisis, 1995; Tikuisis and Keefe, 1996; 
Keefe and Tikuisis, 2008), used widely to estimate survival time in cold 
and cold/wet conditions (Tikuisis, 1997). 

Each approach has strengths and weaknesses, the main weakness, 
and therefore source of error being the numerous individual (e.g. size, 
age, sex, fitness, fatness, thermoregulatory responses, clothing, life-
jacket use etc.) and environmental (e.g. air and water temperature, wind 
velocity, sea state etc.) sources of variability in actual survival time. In 
absolute terms, the various predictions of survival time tend to agree 
more closely for very cold water temperatures, and vary more as water 
temperature increases (Table 1). This is because at the coldest temper-
atures, the various individual physiological factors that might cause 
differences between individuals tend to be overwhelmed by the cooling 

power of the environment. In warmer water temperatures, these factors 
(e.g. shivering intensity and duration) are more likely to act as a sig-
nificant source of variation between individuals. 

It is the variation between individuals and incidents that complicates 
the determination of search time on the basis of the prediction of sur-
vival time in water. As a result, the authorities responsible for SAR ac-
tivity extend search times to beyond that which they can “reasonably 
expect” anyone to survive. As a general, somewhat arbitrary, rule it is 
considered prudent for the recommended search times to be at least 3–6 
times (Golden and Tipton, 2002) the predicted 50% survival times 
(Table 1). 

The recommendation in water between 20 ◦C and 30 ◦C is that search 
times exceeding 24 h should be considered. Above 30 ◦C search times of 
several days are recommended (Golden and Tipton, 2002). Swimmers 
wearing minimal clothing (with no lifejacket/PFD) would be at the 
lower ranges of these times. In calm water there may be an exceptional 
individual (someone who is very large and fit) who will exceed survival 
time expectations. If the SAR co-ordinator knows that the victim is such, 
consideration is given to extending search times from 3 to 6, up to 10 
times the predicted 50% survival time. With inshore accidents, survival 
times may be shortened by breaking water and currents. Individuals 
involved in offshore accidents may well be better equipped (protective 
clothing, lifejackets, life rafts, etc). Therefore, search times could be at 
the upper limits of those expected (10 times predicted 50% survival 
time), unless adverse conditions are known to exist. These caveats 
highlight the problem faced by SAR co-ordinators when trying to 
determine maximum search times on the basis of mean or median pre-
dicted survival time. 

One of the largest surveys of actual immersion incidents has been the 
UK National Immersion Incident Survey (UKNIIS); it has been in oper-
ation since 1991, run by the UK Maritime and Coast Guard Agency 
(MCA) and collated at the Institute of Naval Medicine (INM) in the UK 
(Oakley and Pethybridge 1997). Until the work reported here was un-
dertaken, no analysis of this database had been undertaken with a view 
to establishing methods for establishing survival time. Therefore, the 
aim of the present work was to analyse these cases with the objective of 
establishing a more definitive model for the prediction of search time in 
water. On initial review, two approaches appeared possible using the 
datasets available, these approaches are described and their outputs 
presented. 

2. Methods & results 

2.1. Approach 1 

2.1.1. Methods 
The INM created and distributed a questionnaire to maritime 

agencies, who were asked to voluntarily complete one each time a re-
covery occurred. The completed questionnaires were returned to the 
INM, Gosport, UK for inclusion in the UKNIIS database. The data 
collected via the questionnaire included: duration of immersion; fresh/ 
salt water; water temperature; sea state; location (inland, coastal etc.); 
mode of rescue; sex, age and build (thin, medium, heavy) of casualty; 
clothing worn (wet suit, dry suit, other); lifejacket (worn, effective); 
state of casualty on rescue (dead, unconscious, drowsy, other, well). A 
full list of the data obtained is provided as additional material. 

The total data set was initially presented in paper form and entered 
onto an Excel spreadsheet. A coding method was developed and the data 
were input accordingly. The data entry was checked at least twice in 
order to ensure that the data set was error-free. The categorical data 
were placed in a ranked order, differentiating the “best” and “worst” 
case scenarios (e.g. water temperatures, clothing protection). Some 
continuous variables, such as water temperature and age, were grouped 
(“binned”) to allow easier placing of the cases. 

The complete UKNIIS was analysed to find firstly, the most signifi-
cant factors involved in cold water immersion survivability, and 

Glossary 

IAMSAR International Aeronautical and Maritime Search and 
Rescue Manual 

ICAO International Civil Aviation Organization 
IMO International Maritime Organization 
INM Institute of Naval Medicine, UK 
KM Kaplan-Meier 
MCA UK Maritime and Coast Guard Agency 
MISLE Marine Information for the Safety and Law Enforcement 
MOIST Maximum Observed Immersed [victim] Search Time 
MST Median survival time 
PFD Personal flotation device 
PSDA USCG Probability of Survival Aid 
R&DC USCG Research and Development Center 
SAR Search and rescue 
SST Sea surface temperature (◦C) 
ST Survival time 
UKNIIS UK National Immersion Incident Survey 
USCG U.S. Coast Guard  

Table 1 
Range of estimated survival times (hours) for lightly clad males and recom-
mended search times (hours) for a range of water temperatures (Allan 1983; 
Golden 1973; Golden and Tipton, 2002. Hayward et al., 1975; Keatinge 1969; 
Lee and Lee, 1989; Molnar 1946; Nunnely and Wissler, 1980; Tikuisis 1997).  

Water 
Temp 

50% Survival 
times 

Immersion time resulting in 
a “likely death” 

Recommended 
search time 

5 ◦C 1.0–2.2 0.9–2.3 6 
10 ◦C 2.0–3.6 2.5–4.0 12 
15 ◦C 4.8–7.7 3.0–9.0 18  
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secondly, develop a model to predict the median survival time in cold 
water, using the most significant variables. ‘Median survival time’ was 
defined as the time that 50% of people would be expected to survive. 

The UKNIIS data are unusual in that they are not like common sur-
vival/performance data (e.g. light bulb life expectancy): most such 
survival data sets have right-censored data (those data recorded when 
the unit has not yet failed), and event data (an exact record of the time of 
failure). In contrast the UKNIIS does not contain exact failure (death) 
times, instead it is noted that death occurred before the recorded rescue 
time. This “left censoring” of data (survival time less than observed/ 
recorded time) is rare in survival/performance statistics. The paucity of 
data sets with left and right censoring and no event data complicated the 
analysis because fewer methods exist to deal with such data. 

The Kaplan-Meier (KM) method is a standard method for survival 
analysis for right-censored data. This analysis was initially investigated, 
but because the method is not strictly applicable to left censored data, 
the results are not presented. There have been two attempts to remedy 
the problem with left censored data; Turnbull (1974) produced an 
iterative method which can be used for data that has left censored, right 
censored and event data. However, this method is slow with large data 
sets for which there are no actual event times. Ayer et al. (1955) pro-
posed a method of data analysis where each value is either right or left 
censored. The data were analysed using this method, the major disad-
vantage of such non-parametric methods compared with parametric 
models is that they do not allow for covariates. The UKNIIS data fit an 
increasing hazard plot: the longer a person is in the water, their likeli-
hood of surviving declines. For this reason, the Weibull distribution was 
used; this can cope with slightly increasing, slightly decreasing and 
constant hazards. It also allows for covariance. This distribution is 
frequently used in survival analysis, and is the standard choice of dis-
tribution. The survival function for the Weibull distribution is: 

S(t)= e− λtγ eγβx  

where β is the coefficient of the covariates, γ is the scale factor and λ is 
the shape parameter. 

Median survival time (MST) is a common and effective way to 
measure the time at which 50% of people in the study would be expected 
to survive. It is calculated from the probability distribution, and is the 
time that lies at the 0.5 probability level. To gain predictions for the 
(MST) the survival function equation is set to 0.5 (or 50%) and rear-
ranged to get: 

t=
{

ln 2
λ

}1
γ

e− βx  

where βx is the coefficient of the covariate multiplied by the code for the 
covariate (e.g. if it is water temperature the code for 5 ◦C is 5; if it is the 
use of a PFD, the code is 1 for worn). 

The statistical package used for the analyses was “R”, a command 
line driven language and version of the commercial package “S-plus”. R 
is ideal in that it allows for left- and right-censored data. In the output, R 
gives μ, the intercept, and σ, the scale factor. To enable these equations 
to be used, the values need to be converted into λ and γ: 

λ= e−
μ
σ(shape parameter)

γ =
1
σ (scale factor)

In order to decide on the covariates to use in the analysis, a survival 
regression was performed using the Weibull distribution. 

2.2. Approach 1 

2.2.1. Results 
1593 cases were entered into the database and analysed (Table 2); 

this included information on 160 deaths. The standard of questionnaire 
completion was very good, with little missing critical data. 

The highest monthly death rate occurred in March. The water in the 
UK is still cold in March and the weather comparatively poor. August has 
the largest number of events probably due to the large number of people 
engaging in water-based leisure activities at this time. Most of these 
activities take place close to the shore on well patrolled beaches, this 
helps to explain the low death rate at this time. Table 3 shows the split of 
data between sex and age. 

Table 4 shows the number of cases by clothing type, the death rate 
per clothing type and the overall death rate. 

Table 4 includes results that could be regarded as counter-intuitive. 
It would be expected that a dry suit would provide better protection 
against immersion. However, it is important to remember that the in-
cidents do not happen in the same environmental conditions and that 
those wearing a dry suit may have been faced with more extreme 
conditions. 

Table 5 shows the number of cases by water area. Water area is 
broken down into 4 categories: inland, coastal, inshore, and offshore. 
Inland cases are those found in enclosed waters. Coastal are the cases 
recovered within 100 m of shore. Inshore are the cases between 100 m 
and 12 miles from shore. The offshore cases are all those beyond 12 
miles from shore. The importance of this variable arises, in part, from 
the length of time it takes rescuers to arrive at the victims’ location. 

Table 6 shows the number of cases by the condition on rescue of the 
person in the water, also showing the death rate of the condition and the 
total death rate. 

From Table 6 it can be seen that people found drowsy, hypothermic 
or well are likely to survive. 

114 different immersion times were obtained from the survey 
(several data points at each time). The Turnbull and Ayer methods of 
non-parametric analysis gave the probability of survival at each time. 

Table 2 
UKNIIS cases presented in 1–3 ◦C temperature bins (N = 1593).  

Water Temp 
(◦C) 

Number of 
Cases 

Number of 
Deaths 

Death Rate of 
Water Temp 

Percentage of 
Total Deaths 

1–3 8 1 12.5% 0.6% 
4–6 53 10 18.9% 6.3% 
7 81 11 13.6% 6.9% 
8 147 14 9.5% 8.8% 
9 112 20 17.9% 12.5% 
10 145 12 8.3% 7.5% 
11 81 16 19.8% 10.0% 
12 152 15 9.9% 9.4% 
13 95 6 6.3% 3.8% 
14 118 8 6.8% 5.0% 
15 132 8 6.1% 5.0% 
16 146 12 8.2% 7.5% 
17 80 5 6.3% 3.1% 
18–19 82 3 3.7% 1.9% 
20–22 12 1 8.3% 0.6% 
Unknown 149 18 12.1% 11.3%  

Table 3 
Table showing the breakdown of cases between age and sex (N = 1394).  

Age Range (years) Number of cases 

Male Female  

Deaths Alive Deaths Alive 
0–9 4 31 0 6 
10–19 10 207 4 32 
20–29 22 287 3 52 
30–39 20 226 4 57 
40–49 34 141 5 46 
50–59 18 85 3 18 
60–69 8 44 0 7 
70+ 9 6 2 3  

M Total = 125  F Total = 21   
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Fig. 1 shows the plot of the observed probabilities at each observed time 
point. 

The probability of survival remains relatively high up to between 4 
and 5 h, at which point it drops from about a 0.8 to 0.4 chance of sur-
vival. The probability reaches zero beyond 14 h as no one in the UKNIIS 
survived beyond this time. 

The five most significant variables for predicting median survival 
time were found to be: water temperature; water area; age of casualty; 
clothing of casualty; and whether a personal flotation device (PFD/ 
Lifejacket) was worn.  

• Water temperature  
• Area of water (e.g. Coastal/Offshore, etc.)  
• Age of the person in water  
• Clothes worn  
• Use of a lifejacket/personal flotation device 

Air temperature was also a significant variable (p = 0.0143), but as it 
was correlated with water temperature (r = 0.74), so only water tem-
perature was used as it was more significant. 

The Weibull exponential distribution was used to develop the me-
dian survival time (t) predictions for these variables. There are thirty- 
one permutations of the five variables, for this reason thirty-one equa-
tions were developed (available as supplementary material). The single 
variable equations are: 

Water temperature (n = 1359):  

t = 2.23e0.1099*WaterTemp                                                                         

Age (n = 1349):  

t = 20.06e− 0.04*Age                                                                                

Water area (n = 1429);  

t = 2.44e0*x
1
+0.56*x

2
+1.44*x

3
+0.37*x

4                                                                  

where x1 x - x4 are the different categories of water area. 
Clothing (n = 1371):  

t = 54.08e0*x
1 
− 0.14*x 

2 
− 2.78*x

3                                                                 

where x1 = wetsuit, x2 = dry suit, x3 = other. 
Lifejacket (LJ)/Personal flotation device (PFD) (n = 1242):  

t = 3.63e0*x
1 
+2.09*x

2                                                                               

where x1 = no LJ/PFD worn, x2 = LJ/PFD worn. 
The wetsuit condition gives a median survival time prediction of 54 

h. This is high, but reflects the low death rate in this category. As a 
consequence, this figure, and others based on low numbers, should be 
treated with caution. When no lifejacket (PFD) is worn this equation 
gives the predicted median survival time as 3.6 h (Confidence Interval 
[3.05, 4.21]). When a PFD is worn, this increases to 29.3 h (C.I. [16.65, 
41.88]. 

It follows that the five variables listed above would be the most 
important to collect in terms of: a) making a survey as efficient as 
possible and b) determining search time. The more information avail-
able about these variables, the more refined the survival time prediction 
becomes. The ST equation for when all variables are known is: 

t= 14.0e0∗x1+0.36∗x2 − 2.26∗x3+0∗y1+1.78∗y2+0∗z1+0.3∗z2+0.41∗z3+0.15∗z4 − 0.02∗Age+0.09∗WaterTemp  

where: x = Clothing, y = PFD, z = Water Area (N = 956). 
The equations for when 2, 3, or 4 variables are known are provided as 

supplementary material. 

2.3. Approach 2 

2.3.1. Methods & results 
We combined immersed victim data from the UKNIIS with similar 

data assembled from the U.S. Coast Guard (USCG) Marine Information 
for the Safety and Law Enforcement (MISLE) database, and provided the 
data set to the USCG Research and Development Center (R&DC). The 
MISLE data contained victim immersion time, water temperature, and 
victim outcome information that were extracted from southern USCG 
districts and both USCG AREA commands. Additional data points were 
taken from the open literature (e.g. newspaper articles). The combined 
database contained 2254 data points. After examining this combined 
database, we determined that the empirical model relationships in 
Approach 1 above should be restricted to the original UKNIIS and its 
boundaries: for water temperatures less than 14 ◦C and periods less than 
14 h. 

The R&DC examined the combined data set to see whether other 
useful relationships be used to support USCG decision-making. The 
R&DC removed data points of less than 1-h immersion to focus on in-
dividuals that would not have succumbed to the short-term mortality 

Table 4 
Number of cases by clothing type (N = 1593).  

Clothing 
Type 

Number of 
Cases 

Number of 
Deaths 

Death Rate of 
Clothing Type 
(%) 

Percentage of 
Total Deaths 

Wet Suit 313 4 1.3 2.5 
Dry Suit 105 5 4.8 3.1 
Clothing/ 

other 
1025 130 12.7 81.3 

Not given 150 21 14.0 13.1  

Table 5 
Number of cases by area of water (N = 1522).  

Water 
Area 

Number of 
Cases 

Number of 
Deaths 

Death Rate of 
Water Area (%) 

Percentage of 
Total Deaths 

Inland 89 18 20.2 11.3 
Coastal 170 23 13.5 14.4 
Inshore 1187 95 8.0 59.4 
Offshore 76 18 23.7 11.3  

Table 6 
Number of cases by condition on rescue (N = 1593).  

Condition on 
Rescue 

Number of 
Cases 

Number of 
Deaths 

Death Rate of 
Condition (%) 

Percentage of 
Total Deaths 

Dead 121 121 100 75.6 
Unconscious 101 35 34.7 21.9 
Drowsy 290 0 0 0 
Other (e.g. 

hypothermia) 
195 0 0 0 

Well 843 0 0 0 
Unknown 43 4 9.3 2.5  

Fig. 1. Probability of survival after a given immersion. From Turnbull and Ayer 
analyses (N = 1497). 
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processes of cold shock or swim failure. The R&DC also removed cases 
that had been included in the database for the USS Indianapolis case 
during World War II (317 survivors out of 321 victims with typical ex-
posures of 4 day at 29.4 ◦C) because the data were poorly documented. A 
scatterplot of the remaining 501 cases in the combined UKNIIS-USCG 
dataset are shown in Fig. 2. 

The R&DC focused on a subset of thirteen survivors that spanned the 
range of temperatures between 2 ◦C to 27.8 ◦C, with corresponding 
exposures ranging from 5.3 h to 148.5 h (Fig. 3). These thirteen cases 
were subjectively selected to represent the extremes of observed human 
endurance. The trend of these cases is approximately log-linear with 
temperature, with two exceptions. The longest duration point (148.5 h, 
20 ◦C) represents a case where two boys were blown off the coast of 
South Carolina and recovered six days later near Cape Hatteras. Because 
this case did not represent complete immersion, it was removed from 
consideration. The other ‘outlier’ represents the case of Rob Hewitt, a 
New Zealand diver who survived a 75 h immersion in 16 ◦C water. 
Hewitt’s case represents the best possible combination of factors for 
survival: a trained diver who took advantage of every opportunity, 
positive mental attitude, and full wet suit with hood and gloves. 

However, using the cases of those who were found alive means they 
would have survived longer, for some indeterminate period. To 
accommodate this, the R&DC added a safety margin based on the upper 
95th percent confidence interval of the variance of the log-linear ST data 
to account for potential additional survival times. The influence of the 
variance around the regression, particularly the contribution added by 
the Hewitt case, is to increase the safety margin for victims. The net 
effect is that the upper confidence interval exposure time is greater than 
all but one (Hewitt) known immersed victim survival case. 

The R&DC generated a Maximum Observed Immersed [victim] 
Search Time (MOIST) relationship from the log-linear trend of the 
twelve extreme survival cases as a function of water temperature and the 
margin of safety that accounts for the variability of observed live victim 
recoveries. The functional expression for MOIST in hours is:  

MOIST = 5.75 * exp(0.1* SST)                                                              

where SST is the sea surface temperature (◦C) and exp is the exponential 
function. The relationship of MOIST to observed survival cases is shown 
in Fig. 4. 

The MOIST curve (Fig. 5) supplements the USCG Probability of 
Survival Aid (PSDA [see below]) at water temperatures above 15 ◦C, 
where immersed victim survival times approach or exceed the 120 h 
limit set in the PSDA. The MOIST relationship is intended to a) provide a 
means to incorporate knowledge of observed extreme survival possi-
bilities, and b) convey to SAR managers that in the absence of other 
information (e.g. that the victim may be aboard a raft or have gone 

ashore), the extent to which historic case information supports the 
assumption that the victim may still be alive. 

3. Discussion 

Since the conclusion of this project, the “MOIST” presented in Fig. 5 
has been incorporated as a Maximum Search Time into the International 
Aeronautical and Maritime Search and Rescue Manual (IAMSAR, 2016) 
published jointly by the International Civil Aviation Organization 

Fig. 2. A log-linear scatter plot of UKNIIS/MISLE cases, with outcomes (dead/ 
alive) differentiated (n = 501). 

Fig. 3. The Fig. 2 data highlighted with a solid line connecting the subset of 
highest survival times across the range of water temperatures. 

Fig. 4. Fig. 3 (148.5 h case removed) with the log-linear regression and asso-
ciated 95% and 99% confidence intervals. 

Fig. 5. A linear representation of Fig. 3 showing the MOIST equation with the 
twelve extreme survival cases and other survival and mortality data. 
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(ICAO) and the International Maritime Organization (IMO). Although it 
appears as the “realistic upper limit of survival time for people in the water 
wearing normal clothing” (IAMSAR, Volume II, Chapter 3 Section 3.8.6 
and Figure N-14), the R&DC analysis did not consider victim attire, but 
instead focused on the longest observed time for any victim (size, 
weight, attire, etc.) as a function of ambient water temperature. The 
result is intended to guide all search and rescue activity internationally 
as the ICAO and IMO co-ordinate, on a global basis, the efforts of the 193 
member States to provide search and rescue services and thereby pro-
vide an effective world-wide system. 

It is noted in the IAMSAR Manual that the graph does not show a 
“recommended search time” because “there are many factors to take into 
account in determining search time”. As such, the graph is what it should 
be, a guide to decision making not a decision making tool. Coincidently, or 
perhaps due to the knowledge gained from experience over the years, 
the line for the maximum search time approximates 3–6 times the 
Molnar and CESM curves; the “traditional” approach to estimating 
search times (Golden and Tipton, 2002). However, the curve requires a 
longer search time in warmer water temperatures than those presented 
in Table 1 above (e.g. for 15 ◦C: 18 h in Table 1, 25 h in Fig. 5). Again, 
the discrepancy between predictions and consequent advice increases as 
water temperature increases for the reasons given. As noted, the MOIST 
in Fig. 5 is not just for those wearing “normal clothing”: as described, the 
data are from individuals using different types of clothing. As such, the 
MOIST/IAMSAR curve errs on the side of caution in terms of survival 
times for normally clothed individuals. This, and the fact that the curve 
is based on just water temperature, means the curve may require search 
times that significantly exceed actual survival times in some circum-
stances. This can be problematic: increasing the risk to those searching; 
the cost of a search; as well as committing a SAR asset to a protracted 
search and thereby making it unavailable for other work. 

Going forward, it is clear that it would be beneficial to rationalise the 
link between the estimation of survival time in water and consequent 
search time requirements. Ideally, search times should be varied when 
factors other than water temperature become known. The current work 
has identified the other variables (age; lifejacket/PFD use; clothing and 
water area) that can most effectively help in this regard. Other re-
searchers (Xu and Giesbrecht, 2018), have also identified high body 
mass and partial immersion as important for determining survival time 
and the consequent search times in cold water scenarios. 

Two important requirements emerge from this work: firstly, there is 
a need to increase the size and information content of the dataset 
contributing to the current predictions of survival time in cold water. For 
example, a relatively small number of data points exist for very cold 
water (<5 ◦C) and warm water (>20 ◦C). Also, the UKNIIS also has only 
7 immersion times longer than 5 h, and the longest immersion time was 
14 h at a water temperature of 14 ◦C. It is also important to capture the 
actual immersion time in incidents as accurately as possible. Increased 
amounts of high quality data collection would be possible if an inter-
national data registry existed. 

Secondly, a model in which the critical variables noted above can be 
added to water temperature is needed to refine the search requirement. 
The SAR coordinator should be able to input additional data and, 
depending on what information is available, the SAR model should 
select the most appropriate (valid) set of equations for a prediction of 
survival time. In some circumstances, such as warm water immersions, 
the model may switch from something like the UKNIIS database equa-
tions to another database, or even a mathematical model. In terms of 
output, the user should be provided with: an estimation of survival time; 
a confidence interval (whenever possible); the source of the output 
(database or model name). If the output is from a database, the number 
of cases in the database achieving any given time in the relevant con-
ditions, and the longest survival time contained within the database for 
those conditions, could also be supplied. For example, of the 1593 cases 
contained in the UKNIIS, no individual survived more than 14 h of im-
mersion. This will help contextualise the SAR co-ordinator’s decision. 

Such a model will save time, money and, most importantly, lives. 
Work on such models is ongoing (Xu et al., 2008; Turner et al., 2009). 
The US Army Research Institute of Environmental Medicine developed 
the Probability of Survival Decision Aid (PSDA) for the USCG; it esti-
mates survival time using a heat balance model for those in the water. 
The user can select inputs for ten parameters: air temperature, water 
temperature, relative humidity, wind speed, sex, height, weight, percent 
body fat, immersion state and clothing type. When specific values 
cannot be entered, users can select different descriptive categories such 
as medium, tall, light, lean, etc. The model provides predictions for cold 
functional time (i.e. the point in time when core temperature reaches 
34 ◦C), cold survival time (i.e., when the core temperature reaches 
28 ◦C) and dehydration survival time (i.e. when water loss reaches 20% 
of body weight). This model has been used by the USCG for over a 
decade, and the USCG’s Office of Search and Rescue, Research and 
Development Center and USARIEM are currently collaborating to 
develop a refined version (PSDA version 1.2.4), that has an option to run 
the simulation many times in order to take any uncertainties sur-
rounding parameters into account. This model is also based, in part, on 
the UKNIIS and needs more data from incidents in warmer water 
(>16 ◦C). 

Whichever approach is adopted, a decision to suspend a search must 
be made. This could be on the basis of a probability of survival (i.e. when 
the probability of survival falls below an agreed set point). An alterna-
tive approach can be that a search may be suspended when the database 
contains no individual case that has survived beyond a given time for a 
given set of circumstances. This presupposes that the longest survival 
times have been documented, and that all possible scenarios are covered 
within the database. The validity of this approach will increase as the 
database is expanded. 

It is concluded that, after over 70 years of effort, the requirement to 
accurately translate predictions of survival time into search times re-
mains the same: to maximise the chance of finding someone alive in the 
water, and to minimise the: risk to rescuers; cost of searches; and avail-
ability of SAR assets for other rescues. 
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