
REVIEW ARTICLE

498 Aviation, Space, and Environmental Medicine x Vol. 84, No. 5 x May 2013

                       M C D ONALD  GK, G IESBRECHT  GG.  Vehicle submersion: a review of 
the problem, associated risks, and survival information . Aviat Space 
Environ Med 2013; 84:498 – 510.  

   Background:   Of all drownings, 3 to 11% occur in submersed vehi-
cles, yet scientifi c study of this topic seems limited.   Methods:   A search 
was made of digital medical, drowning, transportation, and rescue data-
bases regarding vehicle submersion drownings.   Results:   The major risk 
factors include driving on ice or roadways near water, fl ooding of road-
ways or bridges, slippery roads, curved roads, and darkness. A new defi -
nition of a Flotation Phase (from water impact until water rises to the 
bottom of side windows) defi nes a period when escape is easiest. Since 
survival probability is highest during this period (generally the fi rst 
minute) — and then decreases rapidly — cell phones should not be used 
to call for help because this will only squander the optimal window for 
survival. It is virtually impossible to open a door until the vehicle is al-
most completely full of water. Since there is little or no trapped air, this 
period provides a very low chance of survival. Before exit, children 
should be released from their restraints. Breaking windows is diffi cult 
without a center punch or rescue hammer, which should be visibly 
mounted within reach of the driver.   Conclusions:   Prevention includes 
installing adequate guardrails, barriers, warning signs, and road mark-
ings, or placing roadways at a greater distance from water. Areas at high 
risk for fl ooding should have signs and public warning systems for fl ash 
fl ooding should be improved. Public education should also focus on the 
dangers of driving on fl ooded roads or bridges, and on ice roads.   
 Keywords:   aquatic accident  ,   cold water immersion  ,   drowning  ,   egress  , 
  escape  ,   exit  ,   fatality  ,   highway safety  ,   motor vehicle  ,   underwater  ,   vehicle 
accidents  ,   water related fatality  .     

 MOTOR VEHICLE submersions have the highest 
fatality rate of any type of single motor-vehicle in-

cident ( 44 ), resulting in approximately 400 fatalities in 
North America each year ( 2 , 33 , 52 ). Many victims die 
from drowning rather than from trauma ( 2 , 7 ). Because 
the absolute numbers are small, less attention is given 
to this type of incident, except when sensationalized 
in the popular media. In several industrialized nations 
vehicle submersions account for 3 – 11% of all drownings 
and up to 4.7% of all motor-vehicle fatalities (    Table I  ). 
Presumably, many of these drownings could be pre-
vented if vehicle occupants had proper knowledge and 
took quick, correct action.     

 Previous research on vehicle submersion has focused 
on vehicle-sinking characteristics both in North Amer-
ica ( 9 , 20 , 39 ) and in Europe ( 44 ). A few generally epide-
miological research studies have addressed human 
escape during vehicle submersion ( 1 , 52 ). Systematic 
studies on occupant exit strategies (excluding aircraft 
simulations) have been limited ( 38 , 44 ) until recently 
( 12 , 14 , 15 ). A better understanding of this problem could 
help develop preventative measures and advice to in-
crease survival. An initial review of educational and 

public service information, plus a university student 
survey ( 14 ) identifi ed three possible contributors to the 
high fatality rate during vehicle submersion: 1)  ‘ authori-
ties ’  provide an inadequate description of vehicle-sink-
ing characteristics; 2) contradictory and incorrect advice 
is often provided; and 3) there is poor public perception 
of how to escape successfully. 

 First, authorities describe vehicle-sinking characteris-
tics using one variable,  “ Flotation Time ”  ( 9 ). However, 
the conditions, and chance of survival, change consider-
ably during this inclusive period and should be de-
scribed more effectively to refl ect different phases ( 14 ). 
Second, the public is commonly advised to: let the pas-
senger compartment fi ll with water to open the doors; 
wait until the vehicle hits the bottom for orientation; 
kick out windshields; open the door to exit; have win-
dow breaking tools in inaccessible locations; and breath 
 ‘ trapped ’  air in the passenger compartment ( 20 , 23 ). Third, 
many individuals identify with some escape option that 
involves staying in the vehicle while it fi lls with water 
or sinks to the bottom ( 14 ). These strategies seem to de-
crease the chance of survival since the vehicle would be 
well below the water surface when pressure is equalized 
and the door can be opened. Additionally, passengers 
would have only one chance to complete a fl awless es-
cape after taking a  ‘ last breath. ’  

 A recent drowning of an ice road worker ( 19 ) in Canada 
prompted the University of Manitoba and Government 
of Manitoba to conduct Operation ALIVE (Automobile 
submersion: Lessons In Vehicle Escape), a systematic 
study of human safety and survival in sinking vehicles 
in both real and simulated environments ( 12 , 14 , 15 ). In 
addition, a search was made for all information related 
to this topic. The following review is presented with the 
goal of educating emergency personnel, educators, pol-
icy makers and the general public.  
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 METHODS 

 Several digital databases were searched, including: 
medical ( pubmed.com ); drowning (redcross.ca,  red-
cross.com ,  lifesavingsociety.com , and  who.com ); trans-
portation ( apta.com ,  bts.gov ,  trb.org , got.goc, statscan.
ca,  ntsb.gov ,  nhtsa.dot.gov , atsb.gov.au, tsb.gc.ca, ts.gc.ca, 
and swov.nl); and rescue ( therescuecompany.com ,  di-
verescueintl.com , and  nfrmag.com ). The following search 
terms were used for Mode of Transportation: motor ve-
hicle, vehicle, automobile, land transportation, car, truck/
lorrie, and SUV; and for Incident Type: submersion, im-
mersion, sinking, aquatic accident, accident, in water, 
drowning, drown, water-related fatality, sank, plunge, 
and dunk. The information from English sources (and 
four Dutch reports) was compiled and presented using 
four headings: media reports; epidemiologic research; 
empirical research; and recommendations and policies. 
The focus of this review is submersion of enclosed land-
vehicles (e.g., cars and trucks, but not snowmobiles, 
ATVs, motorcycles, etc.).  

 Media Reports 

 Media reports provide most of the information avail-
able to the general public and rescue professionals. 
They cannot be substituted for rigorous epidemio-
logical research; however, valuable information re-
garding trends and issues can be identifi ed. In total, 
133 reports from 2004 – 2009 were located using  www.
googlenews.ca  (see     Fig. 1  ,     Table II  , and  Appendix  for 
details and summary).           

 Epidemiologic Research 

 In total, 40 studies related to vehicle submersion were 
identifi ed. Of these, 29 focused only on epidemiologic 
research and 1 included both epidemiologic and empiri-
cal research ( 44 ). Five reports focused on submersions 

caused by fl ooding and provided state ( 26 , 54 ) or national 
( 11 , 30 , 41 ) statistics. Of the 25 epidemiologic reports on 
submersions from all causes, 4 were state-based ( 18 , 32 , 38 ) 
[with 1 focusing on children ( 35 )], 2 were county-based 
( 1 , 52 ), and 19 provided national statistics for the fol-
lowing: Canada [6 reports produced by the Red Cross 
Society ( 5  –  7 ), the Lifesaving Society ( 22 ), and Transport 
Canada ( 33 , 46 )]; the Netherlands [5 reports, 1 in English 
( 44 ) and 4 reports in Dutch ( 48 - 51 )]; New Zealand [2 re-
ports ( 21 , 40 )]; and the United States [2 reports ( 2 , 3 )], 
with 1 report each from Australia ( 25 ), Finland ( 24 ), and 
Sweden ( 42 ). One additional report provided statistics 
for American service personnel in Iraq and Afghanistan 
( 17 ). 

 Two studies reported that vehicle submersion drown-
ing data is unreliable ( 24 , 40 ). First, incidents are classi-
fi ed by  “ external cause ”  codes (E-codes) and most are 
given only one code based on the fi rst incident. Thus, if 
a collision occurs fi rst it would likely not be recorded as 
a vehicle submersion. Second, several E-codes related to 
vehicle submersion include non-enclosed vehicles (e.g., 
snowmobile). Additional incidents are missed due to 
unfi nished reports, E-codes not being universally used 
( 24 ), or unreported incidents; this tends to occur in rural 
areas and organizations that do not participate in record 
keeping/sharing ( 18 , 38 ).  ‘ E-code only ’  searches miss be-
tween 5% (Australia and Finland) to 18% (New Zealand) 
of drownings, with the majority missed from vehicle 
submersions ( 21 , 25 , 40 ). Finally, it is important to note 
that E-code data do not include information on level 
of submersion, fi nal vehicle position, details of rescue 
efforts, and cell phone involvement. Limitations not-
withstanding,  Table I  summarizes important vehicle 
submersion statistics from several countries, states, and 
counties. 

 Vehicle submersion was considered the  “ Dutch ”  pro-
blem for many years ( 44 ) because of their prevalence of 

  TABLE I.         VEHICLE SUBMERSION STATISTICS. (AVERAGE/YR) [% OF ALL SUBMERSION DEATHS THAT ARE DUE TO DROWNING].  

  Country/Area (Reference)
Accidental 
Drownings

Vehicle Submersion 
Deaths * 

% of All Accidental 
Drownings

Number of MVA 
Fatalities

% of Traffi c Fatalities 
in Submersed Vehicles  

  Australia 1992 – 1997 ( 25 ) 2673 (382) 86 (12.3) 3.2 - - 
 Canada 1991 – 2000 ( 7 ) 5535 (55.4) 488   †    (48.8) 8.9 - - 
 Finland 1969 – 2000 ( 24 ) 9710 (324) 547   †    (18.2) 5.6 - - 
 Netherlands 1964 – 1968 ( 44 ) - 360 (72) - 13,240 (2648) 2.7 
 Netherlands 1983 – 1986 ( 50 ) - 377 (94) - - 2.0 *   **  
 Netherlands 1997 – 2000 ( 49 ) - 368 (62) [53%] - - - 
 New Zealand 1977 – 1993 ( 40 ) 2718 (181) 280   †    (18.6) 10.3 - - 
 New Zealand 1980 – 1994 ( 21 ) 2606 (174) 302 (20.1) 11.6 - 4.7 
 Sweden 1992 – 2006 ( 42 ) - 83 (5.5) [92%] -  . 600 1.5 
 USA 1988 ( 3 ) 4966 350 (350) 7.1 48,024 0.73 
 USA 2004 – 2007 ( 2 ) - 384   †   - 36,946 1.0 
 Imperial County, CA 1980 – 1989 ( 1 ) 317 (31.7) 48   †    (4.8) [61%]    ‡   - - 
 Minnesota 1980 – 1985 ( 18 ) 541 (90.2) 40   †    (6.7) [100%]    ‡   - - 
 North Carolina 1996 – 2000 ( 35 ) 189 (38) 17 (3.4) 9 - - 
 Oklahoma 1970 – 1971 ( 39 ) - 31 (15.5) [39%] - 1391 (695.5) 2.2 
 Sacramento County 1974 – 1985 ( 52 ) - 79   †    (6.6) [99%] - - - 
 Washington 1980 – 1995 ( 32 ) 709 (47) 60 (4.0) 8.5 - -  

     †       Includes both enclosed and non-enclosed vehicles (i.e., all-terrain vehicles, snowmobiles, motor cycles, tractors etc.).  
    ‡       Not calculated because number of enclosed vehicles is not known.  
  *     Average per year in parentheses; percent of all submersion deaths due to drowning in brackets.  
  **     Data for 1986 only.   
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roads near waterways, and has resulted in the most 
research. In the 1930s tests were conducted to describe 
vehicle sinking characteristics; however, the advice 
based on these tests became controversial and new re-
search was required. The fi rst major epidemiologic data 
was published in 1973 ( 44 ) (see Empirical Research). Al-
though it was acknowledged that some cases were likely 
unreported, results revealed that the mortality rate of 
crashes into water (mean, 7.6%; range, 5.2 – 8.9%) was 
much higher than the mortality rate for all types of inci-
dents combined (mean, 0.9%) from 1960 – 1969. Most ve-
hicle submersions involved cars (75%), occurred during 
the winter (56%), and during the day (75%); the mortal-
ity rate, however, was almost twice as high in submersions 

at night compared to the day (12.1% vs. 6.2%, respec-
tively). Drowning (82%) accounted for the majority of 
deaths. Finally, high-risk roadways were identified 
( “ black spots ” ) and crash barriers were advised ( 44 ). 

 Two subsequent reports ( 50 , 51 ) evaluated the effec-
tiveness of revised safety recommendations made in the 
1970s. It was found that 7% of people injured in vehicle 
submersion died; the probability increased from 5% in 
ditches/trenches to 20% in deep water. Two more re-
ports from the Netherlands in 2002 were compiled by 
van Kampen ( 48 , 49 ). From 1997 – 2000 there was an an-
nual average of 50 injury incidents involving vehicles in 
deep water and 750 involving vehicles in ditches/gul-
lies. Again, the fatality rate was much higher in deep 
water (44% of incidents claimed a total of 22 lives per 
year) than for ditches/gullies (5% of incidents claimed a 
total of 40 lives per year) ( 48 ). Of the 62 deaths per year, 
33 were classifi ed as drownings. From 1983 to 2000 total 
road deaths decreased by 35%; however, only a 20% 
decrease was seen in deep-water incidents. This was 
interpreted as a relatively greater problem of drown-
ing in car submersion incidents. The other report ( 49 ) 
reviewed 137 vehicle submersion cases from the year 
2000 to determine whether technical aspects of vehicles 
(e.g., electronic locks or windows) affected survival 
rates. Although there were no reports of technical dif-
fi culties interfering with escape, it was proposed that 
as more vehicles use electronic devices, technical as-
pects may affect survival in the future. 

 The University of Oklahoma published two reports in 
1970 (see Empirical Research) ( 39 ) and 1972 ( 39 ). The 
second report included epidemiological data from Okla-
homa for 1970 – 1971. It was proposed that vehicle sub-
mersion incidents would be rare in Oklahoma, due to 
limited rainfall and small numbers of lakes and rivers; 
these incidents accounted for 2.2% of all non-pedestrian 
motor-vehicle fatalities. A total of 152 people were in-
volved in 98 vehicle submersions. Of these victims, 
31 (20.3%) died; 39% due to drowning and 61% due to 
trauma ( 39 ). 

 Transport Canada reported ( 33 ) on trends in motor-
vehicle incidents from 1988 – 1997. There were an aver-
age of 36 fatal vehicle submersions per year with 24 per 
year (67%) resulting from previous collisions before 
entering water and 12 per year (33%) occurring in vehi-
cles entering directly into water. Data from the Traffi c 
Accident Information Database ( 46 ) indicates that from 
1998 – 2002 there was an average of 260 vehicle sub-
mersions per year. Previously described reporting limi-
tations do not allow calculation of an accurate mortality 
rate for this type of incident. 

 In 1991, collaborations between the Canadian Red 
Cross, Life Saving Society, National Association of Coro-
ners, McGill University, and the Canadian Institute for 
Health Information created a Canadian Surveillance 
System of Water-Related Fatalities. Reports from these 
organizations consistently indicate that  ; 15% of drown-
ings are related to air and land transport incidents 
( 5 , 7 , 22 ). From 1991 to 2000, 5535 (94%) of 5900 water-re-
lated deaths were due to drowning ( 5 , 7 , 22 ). Of all the 

  

  Fig.     1.         Description of the types of vehicle (top panel), water body 
(middle panel), and causes of submersion (bottom panel), summarized 
from 133 media reports on vehicle submersion from 2004 – 2009.    
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drownings, 488 (8.9%) occurred in on-road and ice travel 
incidents. Although the average number of drownings 
decreased by 16.5% from 1991 – 1995 (603/year) to 1996 –
 2000 (504/year), the proportion of drownings in vehi-
cles remained consistent. The most common causes of 
vehicle submersions were driving off the road (80%) or 
bridge (12%), and breaking through ice (2%) ( 7 ). Because 
of its northern latitude, a high percentage (36.3%) of 
drownings in Canada occur in cold water of  ,  10°C ( 8 ). 
From 1991 to 2000, 15% of the cold-water drownings ( N   5  
2007) occurred in land transportation vehicles, but these 
data did not differentiate between enclosed and non-
enclosed vehicles. 

 In addition to the data presented in  Table I , the follow-
ing trends were determined. Generally, most vehicle 
submersion deaths were primarily caused by drowning 
in the United States ( 1 , 18 , 52 ), Canada ( 7 , 8 ), and Europe 
( 42 , 44 ). Oklahoma ( 38 ) was the only area where the pri-
mary cause of submersion deaths was due to trauma 
(61%). The majority of submersion deaths occur when 
vehicles crash into open water. Even northern countries 
(Canada and Sweden) report a low incidence of ice-
related submersion drownings (respectively, 3.4/year 
and 0.33/year, accounting for 7% and 6% of submersion 
drownings) ( 8 , 42 ). Sweden was the only country to re-
port that vehicle submersion drownings occur with 
equal frequency throughout the year ( 42 ). Normally the 
highest incidence occurs in the summer while the death 
rate may be higher in winter. Vehicle submersions are 
usually single-vehicle accidents, involving men ages 18 to 
35 yr, in which cars drive into rivers, creeks, or streams. 
Darkness and alcohol are common factors. Other con-
tributing factors include road conditions (e.g., slippery 
and poor visibility), limited distance between roads and 
water, and lack of barriers and visible signs. Hammett 
et al. ( 17 ) also documented 71 vehicle-related deaths 
of U.S. service personnel in Iraq and Afghanistan from 
2003 – 2005. In 29 separate events, 52 deaths resulted 
from drowning, with 90% of events involving rollovers 
into ditches or canals.  

 Flood-Related Vehicle Submersions 

 Finally, fi ve studies focused on fl ood-related drown-
ings. Most fl ood-related deaths are attributed to fl ash 
fl oods ( 11 ) and more than 50% are associated with mo-
tor-vehicles ( 41 ). In the United States from 1969 – 1981, 
there were 1185 fl ood-related deaths ( 11 ). In 190 cases the 
cause of death was known; 93% were due to drowning, 

with 42% ( N   5  80) occurring in cars. Twice as many 
deaths occurred when fl ood warnings were considered 
inadequate. Flash fl oods in Puerto Rico (January 1992) 
claimed 23 lives ( 41 ), with 20 of those deaths occur-
ring in 13 motor-vehicle submersions; many of the 
deaths occurred before warning systems were activated. 
Hurricane Floyd caused 52 deaths in North Carolina in 
1999 ( 54 ). Motor vehicle-related drowning was the lead-
ing cause of death, with 19 incidents accounting for 14 
fatalities. The death rate was 74% in the 14 fully sub-
mersed vehicles with no fatalities in the 5 partially sub-
mersed vehicles. The death rate was 91% when the 
vehicle was swept away and 25% when the vehicle re-
mained stationary. Floods in Texas claimed 216 lives 
from 140 submersed vehicle incidents from 1950 – 2004 
( 26 ). In most cases drivers purposefully drove onto low-
lying fl ooded roads or bridges. In fact, Parker ( 30 ) has 
shown that drivers who deliberately enter a fl ooded 
roadway usually become submersed, with a mortality 
rate of greater than 50%. 

 In conclusion, several preventative measures have 
been suggested, including: placing guardrails on curves 
of more than 20° that are longer than 1000 ft ( 42 , 52 ); 
placing clearly visible center and edge lines ( 1 ); and in-
stalling refl ective signs and markings at T-intersections 
( 52 ). Additional recommendations regarding fl ood-
related submersions included better prediction (e.g., 
detailed analysis of meteorological and rainfall data), 
warning (e.g., identify roads likely to fl ood beforehand, 
post permanent signs, transmit radio, TV, and local warn-
ing systems e.g., such as sirens, in high-risk areas) and 
prevention measures (e.g., public education and quick 
barricade response).    

 Empirical Research 

 Only 11 studies were identifi ed; 10 evaluated vehicle-
sinking characteristics and 1 focused on the effect of 
water on electric window and lock mechanisms. Until 
recently however, only two of these studies, included 
systematic trials with human subjects ( 38 , 44 ).  

 Netherlands Research — 1930s 

 The first attempt to study vehicle-sinking charac-
teristics — about 50 unoccupied trials — was conducted 
by the Amsterdam Fire Brigade and the Naval Divers 
Department. Recommendations from the Royal Dutch 
Life-Saving Association — summarized in two subse-
quent reports ( 20 , 44 ) (a complete summary of advice for 

  TABLE II.         SUMMARY OF 133 MEDIA REPORTS (2004 – 2009) ON VEHICLE SUBMERSIONS * .  

  Submersion Level Final Vehicle Position Self-Rescue Rescue Initiated by Eyewitness Rescue by ERS Fatality 

  Full Upright 47 (41%) 15 (13%) 1 (1%) 51 (45%) 
 Full Inverted 1 (33%) 1 (33%) 0 (0%) 1 (33%) 
 Full Unknown 14 (32%) 0 (0%) 0 (0%) 30 (68%) 
 Partial Upright 33 (28%) 50 (42%) 25 (21%) 12 (10%) 
 Partial Inverted 4 (14%) 6 (21%) 11 (39%) 7 (25%) 
 Unknown Upright 4 (44%) 1 (11%) 0 (0%) 4 (44%) 
 Unknown Inverted 2 (33%) 0 (0%) 0 (0%) 4 (67%)  

   * Percent of total within each category; ERS, emergency response system.   
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victims has been presented in  Table III   ) — included: re-
main calm; roll up the windows if they are open; turn on 
the interior and exterior lights; remove seatbelts; deter-
mine the order of exit if there are multiple occupants; 
grasp each other ’ s clothing; take a breath; open the door; 
exit and ascend to the surface (    Table III  ). Occupants 
were advised to remain in the car until it fi lled with 
water because outside water pressure made it impossi-
ble to open the doors and there was a belief that air 
would be trapped in the vehicle, supplying an air source 
lasting 3-6 min. Specifi c advice was given not to open or 
break the windows because this would increase the rate 
of descent and increase the potential of injury from fl y-
ing glass. It is important to note that in the 1930s, high 
rounded car roofs and heavier vehicle frames made it 
more likely to sink in a horizontal position and for air to 
be trapped if the vehicle remained horizontal.       

 Michigan Research — 1960s 

 The fi rst major written research report found on ve-
hicle submersion was conducted in 1961 ( 20 ). There 
were 6 cars used in 49 unoccupied submersion trials. 
Vehicles were either rolled off ramps or lowered by a 
crane in different entry positions (upright, inverted, or 
on the side). Vehicles always tilted during descent, with 
the engine end down and the angle increasing with 
time. One-piece windshields shattered three times at en-
try speeds of 26 km/h but did not at 22 km/h. When 
vehicles entered water at 22 km/h, with windows closed 
and remaining intact, they fl oated, until complete sub-
mersion, for 2-6 min (    Table IV   compares fl otation time 
for different studies in this section). If windows were 
open or a windshield shattered on impact, vehicles sank 
in as little as 12 s. When vehicles entered the water in-
verted or on the side, they righted themselves into an 
upright position if the windows were closed and intact.     

 Air continued to escape through the trunk as water 
entered the vehicle. The trials were conducted in 12 ft 
of water and vehicles ended up in an upright position 
in 41 of 49 trials. When windows remained closed and 
intact, the amount of air that was trapped in the roof 
area was limited, ranging from 60-190 L (1 – 6% of pas-
senger compartment volume); air trapping was likely 
possible because vehicles settled on the bottom in an 
upright position and some of the models (from 1953 to 
1961) still had high rounded roofs. Kuhn ( 20 ) theorized 
that it was possible to survive with this size air pocket 
for up to 65 min; however, this has not been demon-
strated experimentally. 

 Because of the increased water pressure outside the 
vehicle, doors and windows could not be opened before 
complete fi lling, and the roofs consistently caved in. 
Although no pressure measurements were made inside 
the passenger compartment, there was indirect evidence 
that air pressure increased as the vehicle sank below the 
surface. The rear window of one car and the rear door of 
a station wagon repeatedly were forced open, presum-
ably due to increased inside air pressure. 

 As a result of these studies, the generally accepted ad-
vice for this scenario was changed. New advice was to 

escape early through the windows while the vehicle was 
still on the surface ( Table III ). Other advice was ques-
tionable, however. If water was above the bottom of the 
windows, occupants were advised to completely close 
the windows and wait for the vehicle to fi ll with water. 
Third party rescuers were even advised to instruct oc-
cupants to close the front windows and move to the 
back seat if they could not exit from the front. It was not 
explained why a viable escape route should be closed, 
however.   

 Oklahoma Research — 1970s 

 The University of Oklahoma Research Institute con-
ducted the fi rst systematic study of occupied vehicle 
submersions ( 38 , 39 ). A crane was used to lower a 1967 
four-door sedan into a pool fi ve times. Detailed analyses 
were made of sinking characteristics and four scuba div-
ers were submersed in the last four trials with windows 
either closed or open. The fl otation times were shorter 
than reported by Kuhn, averaging between 2-3 min. The 
water level inside the car rose linearly for about 70 s, 
after which the rate increased substantially; this coin-
cided with the time when water reached the level of 
the air intake grille at the base of the windshield. Water 
reached the bottom of the front side windows after 
about 44 s. 

 The vehicle tilted forward, reaching 45° from horizon-
tal after about 90 s and 80° at fi rst impact with the bot-
tom. Water pressure caved the roof downwards  ; 15 cm. 
Finally, cabin air was compressed to a maximum pres-
sure increase of 225 mmHg at the pool bottom (4.4 m); 
this corresponds to one-third of an atmosphere or 
breathing compressed air at  ; 3 m depth. This latter 
result supported previous cautions about possible air em-
bolism if the ascent from a submersed vehicle occurred 
with a closed glottis ( 20 ). 

 While on the surface, all four divers were able to exit 
through their respective windows within 10 s. When 
they stayed in the vehicle as it submersed, they could 
breathe for a varied amount of time, but no suffi cient air 
pocket formed as the vehicle reached the bottom. When 
exit commenced after the vehicle was full of water, three 
of the doors could not be opened. This was proposed to 
be due to deformation; this effect was reversed once the 
vehicle was raised from the water. The authors agreed 
with Kuhn, that exit should occur as soon as possible 
while on the surface. They also concluded that vehicle 
roofs are likely to cave in and this may cause injury or 
restrict escape.   

 Netherlands Research — 1970 to Present 

 As vehicle construction evolved to a lighter body, the 
engine had a greater infl uence, causing the vehicle to 
sink in a vertical engine-down position. This, combined 
with a fl atter roof design, greatly decreased the proba-
bility of a signifi cant amount of air being trapped after 
submersion. In 1968 the Dutch Institute for Road Safety 
Research (SWOV) conducted new research and made 
changes to existing recommendations. In 1972, about 48 
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vehicle submersions were conducted to determine ef-
fects of dynamic entry into water on vehicle fl otation and 
submersion characteristics. This was only the second set 
of systematic studies to include human subjects during 
the submersions; this occurred in 13 of the trials ( 44 ). 

 Regardless of how vehicles entered the water, they 
attained a horizontal fl oating position as long as the 
windows were closed and remained intact. Entry speeds 
of above 50 km/h caused signifi cant vehicle damage. 
High speed fi lm analysis indicated that vehicles experi-
enced considerable decelerations on impact of 40-50 m  z  s  2 2  
for a few tenths of a second; these values are much higher 
than the value of 8 m  z  s  2 2  experienced during an emer-
gency stop on a dry surface. 

 If vehicles crashed on the side or upside down, struc-
tural damage often prevented doors and windows from 
opening. Presumably due to lighter body construction, 
vehicles tilted in an engine-down angle and in almost no 
cases were any appreciable air pockets found. Because 
of outside water pressure, exerting a force of up to 750 –
 1000 N, subjects could not open the doors, even immedi-
ately after impact. It was also determined that fl oating 
time actually increased with the weight of the car, pre-
sumably because lighter frames experienced more de-
formation on impact, causing more leakage. Two static 
vehicle submersions revealed an increase in cabin air 
pressure of  ; 18 mmHg when the roof was 2 m below 
the surface; this was considerably smaller than the 
225 mmHg increase reported by Sliepcevich et al. ( 39 ). 
The reason for this discrepancy is unknown. 

 Based on the human trials, occupants were advised to 
fi rst unfasten safety belts, and then escape immediately 
through the windows ( Table III ). If windows could not 
be rolled down, it was suggested that they be broken by 
applying pressure with a foot or shoulder to a corner 
of the window. All actions should occur while the vehi-
cle is still afl oat as it was virtually impossible to break 
a window once the cabin was submersed. Finally, re-
searchers clearly stated that doors should not be locked 
while driving, as this would make it impossible for third-
party rescuers to open the doors. The value of this ad-
vice today is negated by automatic door locks in most 
current models. It is important to note that only side 
windows, which are made of tempered glass, can be 
broken ( 28 ). Laminated front and rear windows cannot 
be broken, nor can synthetic laminates, which are be-
coming more popular. Further research is needed re-
garding these latter two safety measures, which may 
prevent escape in this scenario. 

 The most recent study reported on the effects of water 
on separate components such as electronic lock and 
window mechanisms ( 4 ). In 19 current car models tested, 
window operating mechanisms were unreliable after 
contact with water and only worked properly in 2 cars. 
Car batteries continued to function in all cases. Although 
the malfunctions could be traced in some cases to the 
window control button or motor, the most common prob-
lem was with  “ intelligent components ”  that actually 
control the electronic motor system. It is important 
to note that these components are located within the 
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passenger compartment and would be affected only once 
the dashboard was immersed.   

 Michigan Research — 1990s 

 Noting a 20-yr gap since the last systematic submer-
sion studies, Operation STAR (Submerged Transportation 
Accident Research) was initiated in 1991 by the Michigan 
State Police, the Michigan National Guard, and the 
United States Coast Guard ( 9 ). There were 31 vehicle 
submersions conducted on 20 passenger vehicles (in-
cluding 1 school bus) which were self-propelled, towed 
off a fl oating bridge, or lowered with a crane. Although 
the stated purpose was to determine escape methods 
and self-rescue techniques, these trials did not involve 
human subjects (except for one fi nal demonstration trial 
with two scuba divers). 

 Vehicles remained visible at the surface for 1.5 – 4 min, 
depending on the integrity of side windows and weather 
seals around the trunk lid. It was determined that wind-
shields and rear windows could not be kicked out be-
cause they are glued in place in newer models. Scuba 
divers demonstrated that vehicle electronics, such as 
window wipers and lights, worked for between 5-10 min 
after initial contact with water. Although the electric 
windows and locks worked  “ to full capacity ”  once the 
vehicle settled on the bottom (and was presumably full 
of water), the power windows failed on the water sur-
face in the single human-occupied submersion test; the 
reason for this failure was not given. 

 It was correctly theorized from the unoccupied trials 
that early exit through the window was preferable. This 
was the fi rst study to correctly identify that although it 
might be possible to open a door immediately after im-
pact, two complications might occur: rapid water infl ux 
would cause the vehicle to sink faster; and exterior 
water pressure may force the door to close quickly and 
injure or trap the occupant. There were, however, several 
limitations to making escape recommendations from 
unoccupied trials. The authors stated that if the outside 
water level is above the bottom of a side window, open-
ing that window will cause a water surge that would 
incapacitate the occupant; this effect has since been 
shown to be minor ( 14 ). They then theorized that once 
the inside water level rises above the entire side win-
dow, it can then be opened easily. This has also been 

later disproven as greater outside water pressure 
pushes all windows against the frame until both the 
cabin and rear trunk areas are almost completely fi lled 
( 14 ). Finally, even though the power windows failed 
in the one occupied trial, it was stated that  “ the func-
tional time factor of the electrical components is insig-
nifi cant. A 5 to 10 minute allowance provides an ample 
window of opportunity to effect any number of (self-
rescue) escape options. ”  The Dutch study, however, 
clearly demonstrated that power locks and windows 
cannot be relied upon when central components are 
exposed to water ( 4 ). 

 The one bus submersion trial provided a disturbing 
result. The bus, which entered the water at only 13 kph, 
had its windshield pushed in by impact with the water 
and sank in a startling 16 s. This prompted a separate 
study of buses in Operation STAR II in 1997 ( 43 ). Two 
types of school buses (65- and 12-passenger) were stud-
ied. When they were rolled off a fl oating bridge at 
 ; 13 kph, water consistently imploded the windshields 
and opened the folding front doors, and air was forced 
out of emergency roof hatches. The 65-passenger buses 
sank within 9-30 s and 12-passenger buses sank in as 
little as 9 s. When one 65-passenger bus entered the wa-
ter slowly enough that the window and door remained 
intact, it fl oated for 3.5 min. Since most bus entries into 
water would involve some speed, it was concluded that 
current bus designs result in very limited escape op-
tions in this scenario.   

 Manitoba Research — 2000s to Present 

 Operation ALIVE (Automobile submersion: Lessons 
In Vehicle Escape) was only the third set of systematic 
trials to include human subjects. In over 100 submer-
sions, 97 of which involved human subjects, 5 cars and a 
1- and 5-ton truck were used ( 14 , 15 ). Since the main fo-
cus was human escape behavior, dynamic entries were 
not studied; vehicles were either lowered with a crane 
or slowly pushed down a ramp. Subsequent studies 
involved submersion in a vehicle simulator ( 12 , and 
G McDonald, GG Giesbrecht. Escape from a submersible 
vehicle simulator wearing different thermoprotective 
fl otation clothing. Aviat Space Environ Med. In Press.). 

 The fi rst new result from these trials was a different 
evaluation of vehicle sinking characteristics. Previous 

  TABLE IV.         SUMMARY OF VEHICLE SINKING CHARACTERISTICS FROM EMPIRICAL RESEARCH.  

  Vehicle Type (Reference) Study Dates
Surface Times with 

Vehicle Intact
Surface Times with Frame 

Deformed or Windows Open/Broken
Signifi cant Air Pocket 

Detected?  

  Cars ( 20 ) 1930s 3 to 6 min -- Yes 
 Cars ( 20 ) 1961 2 to 6 min 12 to 138 s Yes 
 Cars ( 38 ) 1970 2 to 3 min -- No 
 Cars ( 44 ) 1972 1 to 3 min 5 to 120 s No 
 Cars, Vans ( 9 ) 1991 1.5 to 4 min -- No 
 Bus ( 9 ) 1991 -- 16 s No 
 Busses ( 43 ) 1997 3.5 min 9 to 30 s No 
 Cars ( 14 ) 2010 1.2 to 2.5 min 30 to 37 s -- 
 5-ton truck/plow ( 15 ) 2010 3 – 4 s 3 – 4 s No 
 1-ton truck/plow ( 15 ) 2010 81 s -- --  

   Surface times include the time from water contact to complete submersion.   

giesbrec
Highlight

giesbrec
Highlight

giesbrec
Highlight

giesbrec
Highlight

giesbrec
Highlight

giesbrec
Highlight

giesbrec
Highlight

giesbrec
Highlight

giesbrec
Highlight

giesbrec
Highlight

giesbrec
Highlight

giesbrec
Highlight

giesbrec
Highlight

giesbrec
Highlight

giesbrec
Highlight

giesbrec
Highlight

giesbrec
Highlight

giesbrec
Highlight



Aviation, Space, and Environmental Medicine x Vol. 84, No. 5 x May 2013 505

VEHICLE SUBMERSION & SURVIVAL — MCDONALD & GIESBRECHT

descriptions of  ‘ fl oating time ’  included the entire time 
from contact until complete submersion below the sur-
face. This new report ( 14 ) divided the submersion pro-
cess into three phases, which corresponded to differing 
probabilities of escape. The  “ Flotation Phase ”  included 
the time from initial water contact to when water reached 
the bottom of the side window; during this period func-
tional windows could easily be opened or broken and 
exit was simple. For example, three passengers were able 
to exit with a child manikin through a single driver side 
window in only 53 s. The second  “ Sinking Phase ”  was 
defi ned as the subsequent period until the vehicle was 
completely submersed; during this period windows could 
not be opened because outside water pushed the win-
dow against the door frame. The fi nal  “ Submersion Phase ”  
included a period of complete submersion, in which some 
air was initially still present inside the vehicle; thus, a 
vehicle was well below the surface before it completely 
fi lled and equalized pressure allowed for opening of the 
doors. The distinction in defi nitions is demonstrated in 
one vehicle which fl oated — according to previous defi -
nitions — for 150 s; however, the newly defi ned Flotation 
Phase (i.e., the realistic opportunity for escape) only 
lasted for 63 s. 

 Although one trial demonstrated that it was possible 
to force a door open immediately upon water contact, 
Donohue ’ s ( 9 ) predicted danger was demonstrated, as 
the vehicle then sank quickly and the door slammed 
shut on the subject ’ s hand (no signifi cant injury was 
sustained). In subsequent trials using a 5-ton truck 
with a front-mounted snow plow, there was virtually 
no Flo tation Phase as the truck was completely sub-
mersed within 3-4 s; when all windows were closed, 
the rapid pressure buildup consistently imploded the 
windshield ( 15 ). 

 Escape advice generally followed that from previous 
reports with the additional focus on child passengers. The 
simple four-word process was suggested: SEATBELTS 
unfastened; WINDOWS opened or broken; CHILDREN 
released from their restraints, from the oldest to the 
youngest; OUT through the window, with children exit-
ing fi rst ( Table III ). In heavy machinery this process is 
impractical as there is no Flotation Phase. For these ve-
hicles, it was recommended that roof escape hatches be 
installed; in many cases the hatch blows open before 
submersing below the water ’ s surface, thus providing 
an immediate exit route. 

 Pilot studies were also conducted to determine the 
potential effectiveness of attaching external fl otation de-
vices to a 1-ton truck/plow in preventing or slowing 
down the sinking process ( 15 ). Normally, because of the 
front-mounted plow, the truck quickly tilted forward, 
decreasing the Flotation Phase to only 7 s. Attaching 1-3 
empty 200-L drums to the top of the plow increased the 
Flotation Phase by 30-40 s for each drum, thus providing 
more time for escape. Further work is warranted in 
this area to determine practical implementation of this 
principle. 

 Winter roads workers form a high-risk group for 
vehicle submersions because of possible ice failure on 

roads over frozen waterways; therefore, many jurisdic-
tions require workers to wear thermoprotective fl otation 
clothing when driving over ice. Studies using a sub-
mersible vehicle simulator were conducted to determine 
whether clothing bulk or buoyancy interfered with exit 
from vehicles, and the effects of buoyancy on the abil-
ity to swim horizontally (e.g., against a current from a 
vehicle resting on the bottom to the hole in the ice) ( 12 , 
and G McDonald, GG Giesbrecht. Escape from a sub-
mersible vehicle simulator wearing different thermopro-
tective fl otation clothing. Aviat Space Environ Med. In 
Press.  ). Flotation jackets and overalls did not interfere 
with exiting through a window; however, an infl atable 
personal fl otation device (PFD  ) did provide some diffi -
culties. Because of the high buoyancy (142 N), the in-
fl atable PFD signifi cantly reduced the horizontal swim 
distance compared to the fl otation jacket (69 N) and 
overall (95 N). Therefore, fl otation jackets or overalls 
were recommended for all vehicle travel over ice, while 
infl atable PFDs were considered a liability.    

 Recommendations and Policies 

 So far, this review has pointed out that there is a high 
degree of awareness of the vehicle submersion problem, 
yet there are very few systematic studies on which to 
base advice and policy. Much of what the public knows 
comes from a few media demonstrations and written 
recommendations from nonscientifi c, non-refereed ar-
ticles in the popular press or from professional orga-
nizations. Some offi cial policies are based on scientifi c 
information, while others rely on nonscientifi c or out-
dated information (see Appendix for detailed demon-
stration sources).  

 Recommendations 

 Many non-vetted recommendations appear in the 
popular press and publications from various organiza-
tions. As expected, content and completeness of advice 
varies. For example, both a popular handbook ( 31 ) and 
a trade magazine ( 34 ) simply advise to open the win-
dows and get out. As mentioned above, this advice fails 
to remind victims to unfasten seatbelts. A Dutch com-
pany offered realistic simulator training ( 37 ). However, 
they did not even conduct surface exit trials, but focused 
only on submersed exits. They advocate turning the head-
lights on while waiting for the vehicle to fi ll, and then 
opening the door. 

 Specifi c survival advice was given by rescue person-
nel in two television programs. In the fi rst, the Miami-
Dade Dive Rescue uses the acronym  “ POGO ”  to advise: 
Pop your seatbelt; Open the windows; and Get Out ( 29 ). 
The Milford Police Department uses slightly altered 
recommendations: fi rst unfasten the seat belt, then roll 
down the window, unlock the car door, and climb out 
( 36 ). 

 Finally, one safety training company uses the acro-
nym SOS-GO ( 10 ) ( Table III ). In an attempt to mimic 
helicopter escape strategy, occupants are advised to 
disengage seatbelts only after the windows are opened. 
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Helicopter training assumes that the aircraft will quickly 
roll to an inverted position and seatbelts should remain 
fastened until exit to maintain spatial awareness. Most 
sources, however, advocate unfastening seatbelts fi rst 
since many vehicle studies confi rm that vehicles are intrin-
sically stable in the upright position and will return to 
an upright position from an inverted position if windows 
are closed and intact, and it is better to complete this 
process early in the event while stress levels are lowest.   

 Policies 

 Offi cial policies are generally related to ice failure, 
which is a special category for vehicle submersion; in 
Canada, 51 deaths occurred in motorized vehicles break-
ing through ice between 1991 – 2000 ( 8 ). Because of the 
increased risk, several policies address prevention of or 
survival after ice failure incidents for vehicles on win-
ter roads. Preventative measures include rigorous ice 
thickness testing, reduced speed limits (normally 15 kph 
and maximally 25 kph), and a  “ never work alone ”  pol-
icy ( 16 , 47 , 53 ). Before driving on ice, vehicle windows 
should be opened and doors either unlocked ( 22 ) or ac-
tually removed or lashed open ( 47 ). Seatbelts must NOT 
be worn ( 47 ). Certifi ed approved fl otation clothing (one- 
or two-piece) must be worn and a self-extraction tool 
(e.g., ice picks) should be carried ( 27 , 53 ). Finally, vehicle 
occupants are warned that infl owing water can carry 
pieces of ice and debris, which may cause injury ( 23 ).    

 Summary and Conclusions 

 Vehicle submersion has the highest fatality rate of any 
type of single-vehicle incident, accounting for as many 
as 11% of all drownings. The major risk factors for ve-
hicle submersion include driving on ice, roadways near 
water, fl ooding of roadways or bridges, slippery or 
curved roads, and poor signs or road markings. Vehicles 
generally sink in a predictable way. The old defi nition of 
fl otation time (from water impact to complete submer-
sion) is probably inadequate. A new understanding of 
a Flotation Phase (from water impact until water rises 
to the bottom of side windows) better defi nes a period 
when survival probability is highest. The ability to open 
doors depends on timing. Immediately in the Flotation 
Phase a door may be opened, but this brings the double 
risk of rapid fi lling and immediate submersion, and 
forceful door closing against the victim ’ s body. After 
this, it is impossible to open a door until the vehicle is 
almost completely full of water. Since there is little or 
no trapped air, this period provides a very low chance 
of survival. 

 Advice to occupants of submersed vehicles must be 
simple and easy to remember. Research is required to 
determine if acronyms are more effective if the letters 
stand for the most important word (e.g., seatbelts) rather 
than a nonspecifi c command (e.g., pop). The most im-
portant aspects of successful escape seem to be unfas-
tening the seatbelt, opening the window, and getting 
out. Extra tasks, which have only secondary importance, 
such as unlocking the doors or turning on the lights, 

may diminish the critical message and may make it dif-
fi cult to remember. It may be advantageous, however, to 
add specifi c reference to children, with special attention 
given to removal of a car seat itself, or rapid unfastening 
of all strap connections. 

   Fig. 2   provides a framework for the preferred order of 
actions. The probability of survival is highest during the 
fi rst minute and then decreases rapidly; therefore, exit 
should be attempted as quickly as possible through the 
windows. Cell phones should not be used to call for 
help because this will only waste the optimal period for 
escape. Once the vehicle is full of water, a brief increase 
in survival probability would occur if doors or windows 
could be opened; however, if this attempt is unsuccess-
ful, death is imminent. Over time psychological stress 
will likely increase rapidly, with increased probability 
for either hyperactivity (e.g., agitated, ineffi cient move-
ments), hypoactivity (e.g., tonic immobility plus cogni-
tive paralysis) (e.g., doing nothing or  “ freezing ” ) and/or 
ineffective decision-making (i.e., using a cell phone) ( 13 ).     

 Because psychological stress will likely be lowest ini-
tially and quickly escalate, the simple and quick action 
of unfastening the seat belt should occur fi rst. Electric 
window function is also unreliable and decreases quickly; 
therefore, windows should be opened or broken next. 
Breaking windows is diffi cult without a center punch 
or special hammer, which should be visibly mounted 
within reach of the driver. Force should be applied to the 
front (hinge-side) part of the window for best results. 
Although these devices work when the window is above 
water, and less well when the vehicle is fully submersed, 
it is almost impossible to break a window during the 
Sinking and Submersion Phases when there is water on 
only one side of the window.   Fig. 3   presents a vehicle 
escape algorithm. The probability of survival (indicated 
by thickness of arrows) diminishes as a vehicle sinks 
and windows remain closed or intact.     

  

  Fig.     2.         Schematic estimation of relative probability of psychological 
stress, electric window function, and survival over time in a sinking pas-
senger vehicle.    



Aviation, Space, and Environmental Medicine x Vol. 84, No. 5 x May 2013 507

VEHICLE SUBMERSION & SURVIVAL — MCDONALD & GIESBRECHT

 Finally, prevention includes placing roadways at a 
greater distance from water or installing adequate guard-
rails, barriers, warning signs, and road markings. Areas 
at high risk for fl ooding should be well provided with 
signs, and public warning systems for fl ash fl ooding 
should be improved. Public education should also focus 
on the dangers of driving on fl ooded roads and bridges, 
or ice roads. Although egress training would be advan-
tageous for some high risk professions, it would gener-
ally be logistically unrealistic and/or cost prohibitive. 
Therefore, both proper public and worker education pro-
grams should be developed using targeted training ma-
terials ( 16 , 45 ). Further research on the effects of fl otation 
on escape, memory and effectiveness of different types 
of acronyms, and surveys of public understanding of 
vehicle submersion issues would all be benefi cial to in-
crease understanding of occupant survival and safety. 
Changes in current protocols regarding vehicle submer-
sion incidents should include: standardizing defi nitions 
and recording of incidents; have a centralized incident 
collector; and changing emergency dispatch protocols to 
help occupants escape the vehicle fi rst.      
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 APPENDIX. VEHICLE SUBMERSION 
INFORMATION FROM MEDIA SOURCES. 

 Media reports often provide most of the information available to 
the general public and rescue professionals who do not have a special 
interest in this particular type of incident; additional information 
about rescue and survivors is also often available. The following infor-
mation highlights some of the key media reports, demonstrations, and 
recommendations easily assessable to the public. Public interest is 
sparked by sensational cases such as a family who drowned in a van 
after it fell from a ferry into the ocean ( A8 ) and three young women 
who drowned after making a desperate cell phone call for help after 
their SUV went into a pond at night ( A17 ). 

 A total of 133 news reports from the period 2004 to 2009, inclu-
sive, were located using  www.googlenews.ca . Although a review of 
media reports cannot be substituted for rigorous epidemiological re-
search because: a) information provided is not in a uniform format, 
and is often incomplete; and b) not all cases are reported, much valu-
able information can be gleaned and various trends and issues can 
be identifi ed which might direct further work. In fact, some informa-
tion may not be revealed in epidemiological studies because various 
reporting methods might not include specifi c information that may be 
of interest (e.g., the details of how a survivor is successfully rescued 
from the vehicle or, in some cases, what caused the vehicle to enter 
the water in the fi rst place).   

    Type of Vehicle 

 Vehicle types range from cars to buses and even semitrailer trucks, 
with the majority (57%) of submersed vehicles being cars ( Fig. 1 , top). 
In total, 76% of vehicles involved in submersion incidents are passen-
ger vehicles, which can be explained due to their frequency of use. 
Vehicles most commonly ended up in moving water (rivers, creeks, 
and streams), followed by lakes, ponds, and reservoirs ( A17 ), with a 
large proportion also occurring in canals or ditches ( A12 ,  A17 ) ( Fig. 1 , 
middle). The majority of vehicles going from the road into water (74%) 
are traveling on roads that pass by a body of water. While 17% end up 
in bodies of water that run alongside the road, 9% are driven in inten-
tionally. The most common cause of vehicle submersion ( Fig. 1 , bot-
tom) was a loss of control (47%), which included: excessive speed 
(15.8%); talking on a cell phone (2.3%) ( A4 ,  A10 ); slippery road condi-
tions caused by water or ice (6%); roadway infrastructure issues such 
as curves, lack of guardrails, and missing signs (2.3%); and driving off 
a bridge ( 5 ) (5.3%) or down a boat ramp ( A16 ) (4.5%). The cause of the 
loss of control was not reported in 10.5% of reports. Other common 
causes were fl ash fl ooding ( A11 ) and intentional submersions ( A3 , 
 A7 ). Extreme situations included a single mini-bus submersion that 
claimed six lives ( A1 ) and a dangerous canal area in which 19 persons 
have drowned over a period of 52 yr ( A12 ). Overall, only 18% of the 
vehicle submersion incidents are from intentional exposures (e.g., in-
tentionally driving into water, attempting to drive on a fl ooded road, 
or driving on ice).   
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 Rescue Method 

 Table II summarizes the infl uence of submersion level and posi-
tion on the survival rate and success of various sources of rescue. 
As expected, the fatality rate when vehicles are fully submersed 
is much higher (48%) than when vehicles are only partially sub-
mersed (13%); for one thing, the later condition can provide a con-
stant source of air even if the occupants are trapped for a long period 
of time. 

 Survivors of full submersion incidents rescue themselves most 
(78%) of the time. Virtually all third-person rescues are conducted by 
on-scene bystanders (defi ned as laypersons or professionals who re-
spond immediately because they happened to be at the scene at the 
time of, or immediately after, the incident). These rescues were per-
formed by opening doors, breaking windows, towing vehicles to shal-
low water, and holding a victim ’ s head above water. In fact, only one 
report was found of an emergency professional actually responding to 
a call and successfully  “ rescuing ”  a victim from a submerged vehicle 
(Joey Darby, Foley Fire Dept. Personal communication; 2009); al-
though the victim had drowned, she was resuscitated and survived. 
Indeed, emergency personnel function primarily in a  “ recovery ”  
mode at full submersion scenes. This is due to the disparity between 
response time and survival time. 

 Partial vehicle submersion allows a longer, if not indefi nite, period 
of survival and, therefore, provides more opportunity for third-person 
rescue. In this scenario, professionals who were responding through 
the emergency response system rescued 36 of 129 survivors (28%). 
Compared to bystanders, emergency response personnel accounted 
for half as many rescues from upright vehicles, but twice as many res-
cues from inverted vehicles; this likely refl ects the increased technical 
diffi culty of dealing with an inverted vehicle.   

 Occupant Use of Cell Phones 

 Cell phone use by vehicle occupants is generally detrimental ( A17 , 
 A22 ). Not only have cell phones potentially been the cause of vehicle 
entry into water in the fi rst place ( A4 ,  A10 ), there was only one report 
of a call from a victim ’ s cell phone successfully affecting rescue (Joey 
Darby, Foley Fire Dept. Personal communication; 2009). In fact, in two 
fatal cases, multiple calls were made ( A12 ,  A14 ). Using a cell phone 
greatly reduces the possibility of self-rescue because vehicle fl oatation 
time -- a period during which self rescue is most possible — is expected 
to be less than emergency response time. 

 Four cases were found in which occupants of partially immersed 
vehicles were actually able to maintain an airway above the water line 
and call for help from within the vehicle. However, bystanders arrived 
fi rst to help rescue them, not emergency response personnel ( A9 ,  A15 , 
 A23 ). In conclusion, the information contained in media reports is nei-
ther complete nor similarly formatted; however, several trends can be 
identifi ed. Most vehicle submersions involve cars entering rivers, 
lakes, or canals because of a loss of vehicle control. The fatality rate is 
much higher in full vs. partial submersions, and bystanders who are 
on scene at the time of the incident usually conduct third-person res-
cue. The only time emergency response personnel can usually affect a 
rescue is when partial submersion allows the victims to position their 
heads above the water level for an extended period. Calls for help 
from a cell phone are generally not successful in fully submersing ve-
hicles ( A6 ) and should only be used after a vehicle is partially sub-
mersed, stable, and self-rescue is not possible.   

 Media Demonstrations 

 Much of what the public knows comes from a few media demon-
strations and there are many written recommendations from nonsci-
entifi c, non-refereed articles in the popular press or from professional 
organizations. Some offi cial policies are based on scientifi c informa-
tion, while others rely on nonscientifi c or outdated information. A 
complete sampling of submersion demonstrations includes a maga-
zine report ( A16 ), three television news magazine programs ( A2 ,  A14 , 
 A18 ), and three specialty programs ( A13 ,  A20 ,  A21 ). In each case, a 
reporter or host participated in one or several submersions in a pas-
senger vehicle. The fi rst report, from a 1961 article in Today ’ s Health 
( 16 ), reinforced the thinking of that era by focusing on letting the ve-
hicle fi ll with water before opening the doors. It was also stated that an 
air pocket would last for 10-15 min. This included the fi rst reference 
that considered children. Adults were advised to push children out of 
the vehicle fi rst. 

 Televised demonstrations from the last decade demonstrated that 
exit through windows while fl oating on the surface was easy and suc-
cessful. However, it was generally impossible to open the car doors 
during the Flotation or Sinking Phases ( A13 ,  A14 ); the Mythbusters 
program showed that this was possible only when the water was at 
ankle or knee level inside the vehicle, and only with considerable ef-
fort ( A13 ). In three programs in which an escape attempt was made 
after the vehicle was full of water ( A2 ,  A13 ,  A18 ), only one reporter 
made a successful exit in the fi rst trial ( A18 ); the others failed and pre-
sumably would have drowned in real settings. None of the trials dem-
onstrated a signifi cant air pocket and spring-loaded center punches 
were recommended to be attached to a dashboard ( A14 ) or placed in a 
glove compartment ( A2 ). A second reference was also made here to 
pushing children out of the vehicle ahead of adults ( A18 ). 

 Rescue personnel gave specifi c survival advice in two of the pro-
grams. In the fi rst, the Miami-Dade Dive Rescue use the acronym 
 “ POGO ”  to advise: Pop your seatbelt; Open the windows; and 
Get Out ( A14 ). It is interesting that under the stress of the fi rst trial 
in this program, the reporter forgot to unfasten his seatbelt and this 
prevented his fi rst exit attempt. This emphasizes the importance that 
advice to the public must not only be simple, but easy to remember; 
Table III summarizes exit advice from various sources. The Milford 
Police Department use slightly altered recommendations: fi rst unfasten 
the seat belt; then roll down the window; unlock the car door; and climb 
out ( A19 ). Presumably the door should be unlocked in case it must be 
opened later when the vehicle is full of water, or to allow easy access 
to outside personnel during rescue or, more likely, during recovery. 

 Three important issues emanate from these demonstrations. First, 
the danger of using cell phones to call for help was emphasized. There 
are several cell phone calls on record; in most cases, the callers later 
drowned. Emergency dispatch protocols should be adjusted so that 
the focus, with a call from a vehicle in water, should shift from fi nd-
ing out the location to advising the caller to get out as soon as pos-
sible and how to do so. Second, the importance of unfastening seatbelts 
was supported by the fact that many vehicle submersion drowning 
victims are found with the windows open but seatbelts still fastened 
( A14 ). Finally, although three of the programs concluded that win-
dow exit on the surface was preferable, several exits were purposely 
delayed until vehicles were full of water; in fact, Mythbusters ( A13 ) did 
not even show a surface exit. Thus, the message of delaying exit might 
be reinforced for the public by these entertaining and memorable trials.  
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