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1.0 INTRODUCTION

(.1 General Background

I t i s  we ll known that the cold aspec t of cold-water immersion may be

fat a l. There are at least three mechanisms by which the cold can produce

fatal i tie s . Fir st , It has been suggested by Welch (I) that sudden , whole—

bod y ir nmers ion in cold water may preci p ita te a lethal stimulation of two
• conf l i c t i n g  reflexes -- the “torso reflex ” and the the “d i ve reflex ”. The

torso reflex is stimulated by cold water coming in contact with the torso .

• When stimulated alone it produces an elevation in heart rate and potentiall y

unc ont ro l table gasp ing respiration. It was observed by Keat inge , et al.,

(8) who cited large increases in blood pressure and pulse rate and hyper-

vent Ma tio n during cold showers (0-2.5 °C) over the chest. The dive reflex

is s tirulated by cold water on the face and produces a depression in both heart

and resp ir a tion rates. Nem iroff , et al ., (9), summari/ed in (10) , cite the

ret arding cffect~ of the dive reflex upon heart activity as a partial explana-

tion of survival of cold-water submers ions lasting several minutes. When these
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two reflexes are stimulated sIm ultaneousl y the rer1 u l t is uncert ain and

probably varies from individual to individu a l. Simultaneous stimulatIon

ra y interfere with norma l cardiopulmonary activities sufficiently to pro-

duce i fatality through what is often called “sudden drown i ng syndrome ”.

In t h i ’. report the term “sudden death” shall be used .

Second , if the victim surv i ves the initIal i mmersion , the debilitating

effects of cold exposure may soon render him unable to save himself. In the

absence of flotation assistance , this cold-Induced debilitation could prec i pi-

tate a d rowning that would not have occurred in warm water or if the victim

had been adequatel y protected . Cold debilitation may be either ph ysical or

mental. The ph ysical debilitation is typ ified by reduced grip strength and

reI,u lts largel y from the surface coolin g of musculature. Mental debilitation

• i~ character zed by clouded consciousness and impaired cerebration , is assoc i-

ated with the cooling of deeper tissues and may result from the cold-induced

~roduct ion of histamine-like substances (7).

A third potentiall y-lethal mechanism associated with i mmersion in cold

..I;Iter is hypothermia -- loss of heat from the body core . Table I summ arizes

a variety of publicat i ons correiat ing various cold-re lated symptoms to their

associated levels of core cooling and indicates “severe hypothermia ” at all

re c t a l  temperatures below 33°C. It is not a trivial matter to establish l evels

of h ypother m ia which would be lethal. As indicated in (5), some evidence has

bee n found that the only definitive criterion for lethal hypothermia is the

f a ilur e of the victim to respond to resuscitation attempts. Notwithstanding

the variation in the temperature at which It occurs , lethal hypothermia must

be regarded as eminent at rectal temperatures below 26°C. As indicated in

Table I , a victim would normall y experience physical and mental debilitation

b e f o r e  hypother m ia progresses to lethal l evels. Survival beyond the onset

of the debilitation would normall y require flotation assistance.

The distinction between these three lethal mechan isms may be important f ro m

an avoidance point of view . Equ i pment wh i ch could protect an individual from

sudden death mi ght be of little  value in hypothermia protection . S i m il ar i y ,

equipment which mig ht g ive good protection against hypothermia mi ght not protect

the 1 i rnbs wei I enough to preserve the capability to perform life-sustaining self-

a i d  act ions.

Ir on the point of view of an ~ccldent Investigation , it may be very

—2-
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TABLE I -

LE VFLS OF HY POTHER M IA

o F 
_____

99.6 37.6 “Normal” Rectal Tem perature

36 • Increased Metabolic Rate In attempt to
balance heat loss

95.0 35 Shivering maxImum at this temperature

93.2 314 PatIents usually responsive and norma l blood
pressure

91. 14 33 SEVERE HYPOTHERMIA BELOW THiS TEMPERATURE

89.6 32 Consciousness clouded 
~ 
Pup ils dilated

most
87.8 31 Blood Pressure difficult to obtain J shivering ceases

86 30) r1~
royressive loss of consciousness

• Increased muscular rig idity
85.2 29 ~ L0lc,~j pulse and resp i r a t ion

[C ardiac arrh ythmia develops
28 \~

1en t r Ic u l ar fibrillation may develop if heart irritated

27 iul un t ary motion lost along with pupillary li ght
reflex , deep tendon and skin reflexes - appear dead

26 V I ctims seldom conscious

77.0 25 Ventr Icular fibrillation may appear spontaneously

75 .2 214 Pulmonary Edema develops

73 .14 23

71. 6 22 Maximum risk of fi b r i l l a t i o n

6 9 .8 21

63.0 20 Heart Standstill

66.2 19

64.14 (8 Lowest Accidental Hypother mic patient with recovery

62.6 17 ISO-ELECTRIC EEG

1+8. 2 9 Lowest Ar t i f i c i a l l y  Coo l ed Hypothermic pat ient with
recovery

— 3-



To assure that all relevant available data was reviewed in performing this task ,

a number of attempts were made to identif y institutional sources for data and

armul y~ v~. relevant to the objectives of this task. Included in these attempts

w. m s t I , r fol lowin g :

I . A check of the National ~afety Council’ s Accident Fact s

2. Contactin g the National Center for Health Statistics

3. Contacting the 25 large st life Insurance companies in
the U. S. (criterion for size was amount of life insu rance
in force)

~e. Contacting the American Council of Life Insurance (ACLI)

5. A check made by the ACLI of Med i cal Risks: Patterns of
Mortality and Surviva l which is jointly sponsored by the
Association of Life Insurance Medical Directors and the
Society of Actuar ies

6. Contacting the Commission on Professional and Hosp ital
Activities

7. Contacting the Health insurance Association of America

The result of these checks was the finding that in none of the respective

data bases was there a classification of hypothermia as a cause of death.

~~~r~~~i ’ic responses from the insur ance companies ranged from , “We n e v e r  see the

~~~~~~~~~~ of ‘h ypothermia ’ ,‘‘ to ‘‘While hypothermia is listed in the internat ional

C~ •i ’~s if i ca tion of Diseases , the ultim ate death code falls under the miscellaneous

ca V (
~,or, of ‘il l — d e f i n e d  and unknown causes ’ .‘‘ Of course the problem is not

~J C: I  that hypothermia is ill—defined as It is that hypothermIa is difficult

~c s~ e cif i c a I i y diagnose . No method is presentl y known which wil l  determine

a reduction In body temperature took p lace before and was the cause of

d e s t s , or whether the reduction occurred after the victim died of other causes.

1~~~er unsuccessful ly making the attempts listed above to obtain additiona l

info r- - a t  ion , the scope of Task 2 reduced , largely, to an analysis of the data

con ained in the BAR’ s archived at U. S. Coast Guard Headquarters. The except ion

an attemp t to collect certain specific items of data determined to be partic-

ula r i 1 u seful. T h i s collection of supp l emental data Is discussed In Section

14 .2 of thi s report.

-5-
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2.0 RELEVANT DATA AND ANALY~,I ,~

V T h i s  chapter characteri 7es the information available in the file of

I~f k ’ ’. arch i ved at U. S. Coast Guard Headquarters and summarizes previous
L an al y s is aim e d at i mmersio n hypothermia.

2.1 Boating Accident Reports

The Federal Boat Safety Act of 1971 requIres that the operator of a

boat invo l ved in an accident which resulted in either a fatality , an injury ,

or property damage in excess of $100 . file a report. The Coast Guard-approved

fern for reporting boating accidents is form CG-3865 (Rev . 5—75) , a copy of

which is in A ppendix A. The various states are permitted to include additional

reporting requirements if they so choose. The general types of information

wh i ch are contained In a complete BAR are the following:

I . information on the operator of the boa t

2. Description of the boat

3. Time and p lace of accident

4. Env i ronmenta l conditions prevailing at the time of
thc accIdent

5. General flotation aid information

6. Name , addre ss , age , swimming skills and cause of
death (drowning, disappearance or other) for each
fatality , and

7. Brief narrative descri ption of accident

The !~A R ’ s for accidents involving fatalities are often accompan i ed by

a dd it ional inf er -nation of the following types :

I. Detailed narrative reports of i nvesti gating officers

2. Otateme nts of survivors and/or witnesses

3. Death certificates

14. Autopsy reports

RAP ’ are sometime s submitted with no back-up info rmation and/or incompletel y

f i l l ed out. Somne fatal boating accidents are not reported at all. These Un-

reported f a t a l i t i e s  are sometimes detected through newspaper articles describing

the acc ident to some leve l of detail. Copies of these cl i pp ings are available

in the accident report fi les at Coast Guard Headquarters . Several data elements

-6-



on the BAR are of particular relevance to a deterr nln at ion of the possible

causal involvement of Immersion hypothermia. They are:

I . Water temperature

2. Water conditions (weather)

3.  The v i ctim ’ s swimming ability

4. The victim ’ s usage of flotation aids

in addition air temperature could have some influence on the occurrence

of hypothermia ; but its contribution in affecting the onset of i mmersion

hypothermia would normally be dwarfed by that of the water.

In addition to the file of reports , a computer information system at

Coast Guard Headquarters contains coded summaries of the BAR ’ s. This coded

data serves as the basis for the Coast Guard ’s annual pub lication of Boating

S tatistics (CG-357). This computer data base has a catego ry of information

called “Accident Descriptors ”. A list of 145 coded descri ptors is available.

The individual codIng the accident may choose up to 3 of the 45 descriptors as

is appropriat e. One of the descriptors (Number 7) Is , “exposure , shock,
hypothermia ”.

The complete reports for certain years are also available on microfiche .

2.2 The Accident Recovery Model

The Accident Recovery Model (ARM) was developed to support the eva l uation

of the role of persona l flotation devices (PFD ’s) In saving lives and the

effectiveness of proposed regulatory and educational programs . ARM was con-

structed to be representative of reported recreational boating ~ccidents i n

an “aver-age” year and Is based on a sample of 1 , 5 13  boating accident victims

whose histories were drawn from the Coast Guard collection of BAR’ s for 1969

throug h 1977. The greatest sampling was from 1975 (Li7.5~ ), 1973 (iL e . 5~ ) and
1970 ( l O .9~). The least sampling was from 1974 (0.8~).

Among other subjects of analysis , Reference 2 addresses a quantifIcation

of the frequency of hypothermia-related fatalities. The dete rmination was based

on the distributions of “ti me in thc water” and water temperatures among fatal

accidents. This data from ARM was comb i ned with survival-ti me data for heavily

-7-



clothed people by ~iayward , et al . , (3). Several interesting observations

are rrade in (2).

I . “~iater temper atures are unknown for almost 56~ of
the v i c t i r r s  that wind up in the water . ”

2. “time In the water is unknown for nearly 62~ of the
v i ct ims who enter the water. ”

3. “between 26 and 202 boating deaths per year are
influenced by hypothermia. ”

4. “nearl y three- fourths of the fatalities , for whom
time in the water is known , occur in the first
15 minutes. ”

It should be noted that Items I and 2 are expressed as percentages of boating

accident victims who enter the water , not as percentages of boating accident

f a t a l i t i e s ,  I t would be expected that time in the water would be unknown

for an even larger percentage if onl y fatal itie s are considered . It should

a lso  L~ noted that the total time a deceased victim was i n  the water is not

the sorrect basis for determining the onset of hypothermia. Onl y the amount

of t i r e  i n  the wa ter prior to death Is relevant. For example , an individual

could die of asphyxiation in cold water and subsequently cool sufficiently

to g ive the appearance of pro found hypothermia. Only “time alive in the

water ” is relevant in determining the potential invo l vement of hypothermia.

The range of uncertainty in the number of hypothermia-related fata lities

(item 3) results f rom the incomp lete data referred to in items I and 2 above .

Based on an estimated 1 ,467 annual boating fatal ities , this range of uncerta inty

represents from I.8~ to I3 .8~ of boa ting fatalities. The fourth observation

is s i g nificant in that it ind i cates that hypothermia could not have occurred

in t i e group of fatalitie s mentioned but that sudden drowning syndrome can

rO t L ’~ ruled out.

Th’r ARM-based hypothermia analysis (2) exhibits specific deficiencies

4 i t h respect to the ob jec t i ves  of the present e f fo r t .
I. wh i le a range of hypothermia -related boating

fatal iti es is g iven from I.8~ to l3.8~ of
a l l  boa t ing  fata l i t i e s , no point est imate of
this percentage Is g iven

2. time other than time alIve In the water may have
been used In de te rmin ing  the onset of hypothermia

3. no efforts were made to resolve the fundamental problem -

lack of water  temperatures and t ime al ive In the water data

-8-



4. the 26 fa ta l i t i es  determined to be hypothermia —related
do not constitute an adequate basis for a demographic
analysis of high-risk populations

These deficiencies arise primarily because ARM was concerned with all types

of boating accidents not Just fatalities. Of the 1 ,513 individual’ s accident
L circumstances rev iewed and included in the ARM samp le , only 277 were fatalities.

2.3 Preliminary Conclus ions

Based on a review of the nature of the data avaIlable for analysis (BAR ’s

and backup reports) and the previous anal ys is  directed toward hypothermia
assessments (ARM analysis) several prelimin ary conclusions were drawn concern-

ing the most appropriate directions for the present effort.

I. the analysis should be based on an intensive review
of boat ing fa tal i t ies

2. specific fatalities i nvolving hypothermia as a causative
factor should be ident i f ied because of the detai led data
needed to support the demographic characterization of
high-risk populations

3. the computer coding of the BAR ’ s should not be used as the
sole data source because of the additional Information
avai lable in the narrative on the BAR ’ s and in the materials
attached to them

4. the analysis should be based on the records for a year wh ich
were available in their entirety on microfiche because of
the volume of BAR’ s and supporting material to be reviewed .
The most recent such year ( 1974) was chosen

5. as had been anticipated ear l ier , attempts to obta in
supplemen tal infor mat ion would be needed and reasonable
attempts should be made (discussed in Chapter 4)

6. a systematic schema (discussed In Chapter 3) is needed ,
for classifying fatalities regarding the Involvement of
hypothermia as a causative factor , which makes maximum use
of avai lable and obtainable data .

Conclus ions 2 and 3 are based upon the notion that a better result w i l l  be
obtained by a thorough review and systematic interpretation of the basic data ,
than by an analysis of accident patterns based large ly upon assumptions. Con-
clusion 4 Is based upon the realization that the BAR’ s and all associated

supp l emental reports must be available to the research team on a daily basis

and that paper-copy duplicates of this material represents a prohib itive

volume of paper. By basing the analy sis on one year ’s data , the only question

-9-
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to be considered in using the result ’. ~~
V , the repre sentativeness of the year

chosen.

Thc’re wa’. nothing outstanding about the weether in 1974 as there was

in 15/6 and 15/7. Based on data presented in Boating Statistics 1976

(Cf.- 3’~7) , the average number of annual boating fatal Ities in the 10 years

from 196/ through 1976 was approxImate l y 1437. The 141+6 fatalit ies cited

in CG-357 for 1971+ makes it very representatIve of this period . The same

could not be said for 1971 (with 1 582 fatalities) , 1973 (wIth 1754 fatal iti es)

or 1976 (with 1264 fatalities). Addit i ona l ly, the continual improvement in

the completeness and quality of reporting of boat i ng accidents was felt to

support the selection of the most recent representat ive year to serve as the

b a s i s for anal ysis.

-Ia-



3.0 METHOD FOR CLASSIFICATION OF ACCIDENTS

This  chapter describes the process by which the reports concernin g

1971+ boating fatalities were reviewed and anal yied leading to the classi fication
V of the fatalitie s regarding the invo l vement of sudden death , debilitation

dea th an d hypothermia.

3 . 1 C lass i f i ca t ion  System

The classification system which was used for summarizing the findings

of rev iewing the BAR ’ s represents an attempt to d is t inguish between those
fatalities which were cold-related and those which were not; but it also
represent s an attempt to distinguIsh between occurrences of the three cold-

related , lethal mechanisms discussed In Chapter .0. The classifications

employed are as follows :

I. Fatality invo l ves sudden death
2. FatalIty Invo l ves debilitation death
3. Fatality involves hypothermia
1+ . Fatality invo l ves debilitation death or hypothermia
5. Report Indeterminate
6. Fatality not cold-related
7. Report missing

It it, important to keep in mind that , even t hough the report is being addressed

in two of these classifications , the individual fatalities are being classified

and not the acc idents .  The term “ indeterminate ” Is used to c l a s s i f y a fata l i t y

which is  generally well reported but which can not be resol ved regarding hypo

t he r r-i a invo l vement. The term “missing ” is applied to reports which could not

h~ found in the 19714 microfIche even though the computer file contaIns the case

numbers .

Fatalities wh i ch are reported suffi ciently well to be classified are assi gned

one of the first 6 classIfications. Classifications I throug h 4 are assi gned

to fatalities which are definitel y cold—related . Classi fication 5 Ind i cates

that available data does not Ind i cate conclusively whether or not cold played

a c’~ .al role in the fatailty. Classification 6 indIcates that we have suf ficient

evidence to conclude that the fatality was not cold related . This general

trichoto mi zation of the classifiable fatalities regarding the causal involve-

ment of cold exposure is suggested by the su vival time - water temperature
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relationships shown in Fi gure I wh i ch were deve l oped by DeForest and

Beckman (4). The recognition of a marg inal zone Is consistent with the

uncer tainty arising from the variab il ity in response to cold exposure

to be expected as a result of Inter-individual variations in somatotype ,

clothing and other factors.

3.2 BAR Rev i ew Log ic

There are a number of bases on which one might conclude the i nvolvement

of hypothermia In a boating fatality. The bases to be used in this study

were selected and then reduced to the form of a logic chart. This facili-

tated the classification of the boating fatalities which occurred in 1974.

The log ic utilized for rev i ewing the BAR ’S consists of a sequence of 14

questio ns (indicated QI through QI~4) depicted In Fi gure 2. The log ic dis-

tinguishes among the first 6 classifIcati ons listed In Section 3 .1 as

appropriate descriptors for the fatality. The outcome of each BAR rev i ew

is an arrival at one of the terminal nodes (Indicated by circles) in Figure

2. The nodes correspond to the 6 classifications as follows :

Node

S Sudden dea th
D Debi l i tati on dea th

H I , 112, 113 Hypothermia
DH Death due to debilitation

or hypothermia
UI , U2 Report indeterminate
NI , N2 , N3, p41k , N5 Fatality not cold-related

Log ical conclusions at nodes S, D , HI , 112, 113 or DH are taken collectively
as indications of cold-related fatalities.

The log ic was modIfIed after the anal ysis to eliminate certa in detailed

provisions which were not needed to classify the 1974 fatalities (e.g.;

treatment of uncertainty at block Q7 of Figure 2). Since the objective did

not call for developing completel y general log ic that could be used for any
year , the log ic presented In Figure 2 was simpli fied to Include only those

provisions needed to classif y the 19714 fatalI ties.
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Bases for Conclud i ng Fatality Not Cold-Related

The first basis for determining that a fatality is not cold-related

(node NI ) is that there is an Identifiab le definitive cause of death wh i ch

is not cold-related . Examp les of such causes of death are heart attacks
and trauma . They do not include such things as d rowning or disappearance

as indicated on either the death certificate or the BAR .

The second basis for concluding that a fa ta l i t y  was not cold—related
(node N2) is that node HI was not reached , water temperature and time a l i ve
in the water are found to be associated wi th  the safe reg ion of Figure I,
and either the fatality was not “Immedia te” or if it was it occur red in
water so warm (over 60°F) as to render It unlikely that It was cold-induced .

These last checks are intended to preclude sudden deaths from being Included

in the N2’s. The assumption Is made that debilitation deaths do not occur

in the safe region of Figure I.

The third basis for conclud i ng that a fatality was not cold-related

(node N3) is that nodes HI , 112 and S were not reached and the weather was not

cal m. The precise definition of cairn weather Is g iven as a ground rule in
Sect ion 3.3. The unsettled nature of the weather is taken as an indication

that the water surface was sufficientl y rough to provide an identifiable

definitive cause for the fatality regardless of PFD usage or swimming skills.

It Is possible that an individua l with good genera l water  s k i l l s  arid good

persona l flotation could , by controlling his breathing, survive the continu al

Imp ingement of rough water upon his breathing passages and surv ive long
enough for hypothermia to become life-threaten ing . However , it is recognized
that onl y one ep isode of the uncontrolled breathing, associated with the
stimulation of cough, swallow , or sneeze reflexes , may be needed to precipi-

tate an i r reversib le aspirat ion or ingestion of water resul t ing in d rown ing.

This fact is the basis for adoption of the logi cal convention of declaring

rough weather/water a definitIve cause for drownings.

The fourth basis for conclud ing that a fatality was not cold-related(node

N4) is that nodes HI , 112 and S were not reached and the vict im was a non-swimmer

and was not supported by flotation assistance . The methods observed for

- 15-
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receiving flotation assistance are discussed in Section 3.3. The absence

of both swimm i ng skills and flotation assistance is regarded as adequate

definitive explanation for a water-Immersion fatality , removIng the necess ity

to resort to more complicated mechanisms.

The last basis for concluding that a fatality was not cold related (node

N5) is that nodes HI , H2 and S were not reached and the water temperature is

known to be at l east 70°F. WhIle the definitive cause of death in these

cases i s uncertain , it is a virtual certainty that they were not cold related .

Basis for Conc l ud i ng Sudden Death Synd rome Involved

The basis for concluding a fatality to have resulted from sudden death

syndrome (node s) Is that node NI was not reached , the death is known to have

occurred “limiediately” af ter immers i on, and it occurred in water sufficiently

cold (below 60°F) to make sudden death a plausib le definitive cause of death.

The term “immediate” in block Q5 refers to circumstances described in the

narrat ive reports as, for example , “he fel l into the water and never came

up.” A victim seen struggling in the water for even a few minutes would not

be expected to suffer sudden death. There is no particular water temperature

known above which sudden death will not occur. Its occurrence depends on

the individual ’s clothing, somatotype and physica l susceptibility as well as

water temperature. It is predicated upon the simultaneous sti mulation of the

d ive reflex and the torso reflex. The basis for using 60°F in block Q6 Is

that Welch (I) mentions several research find i ngs ind i cating the dive reflex

is not “pronounced1’ until water temperature is below 68°F and that the torso

reflex is accentuated by cold water (52°F) compared to warm (82°F).

Bases for Conclud i n9 Debilitation Death or Hypothermia I nvolved

The first basis for conclud i ng that hypothermia was a causative factor

(node HI) is its appearance as “cause of death’1 on a death certificate. Of

course this ii rarely found because of the difficulty in diagnosing hypothermia.

Consideration was given to i gnoring this finding in some cases based on other

fac ts wh ich may be known about the fatality. However it was decided that the

individuals making the determinations i nsnediatsly after the accidents were in

a better position to make a judgment about the cause of death than are the

rev iewers of their written records. The error they should more commonly

make is the declaration of “drowning” as the cause of death wh i ch , in fac t ,

resul ted from a complex set of Interacting factors.
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The second basis for determining hypothermia involvement (node H2)

is that node NI was not reached and a water temperature and time alive

in the water were found which are associated with the lethal reg ion of

Fi (Jurc I . it should be noted that the 112 ciassifica ti on exp l i c i t l y  exc l udes

cases of sudden death and presumabiy exc l udes debilitation death as well.

The remaining conclusions of hypothermIa and the conclusions of

debilitation death result downstream of block Q8 and are summarized , under

the assumption that water temperature is less than 70°F in Table 2.

The H3 conclusion of hypothermia results when nodes NI , N2 and N3 were

not reached and the victim had flotation assistance , regardless of swimming

sk i lls. The rationale is that flotation assistance should , in calm weather ,

preserve life beyond the time when cold-deb i l itat ion has removed one ’s ability

to save himself. Unless a rescue Is accomplished to deter the onset of hypo-

thermia , it w i l l  develop to lethal l evels. This serves as a sufficient

definitive cause for the fatality.

The conclusion of debilitation death (node D) results when nodes Ni ,

U2 , and U3 were not reached and the vi ctim was a swiuwner but had no flotation

assistance. In this case he can save himself as long as he is able to swim

but is very susceptible to cold-induced physical and mental debilitation.

The conclusion of debilitation death or hypothermia (node DH) results

,,h r ~n nodes NI , N2 and N3 were not reached , the victim was a swimme r , and it

i~. not known whether  or not he had flotation assistance . in th i s case we

cc~ clud e tha either debilitation death or hypothermia was the definitive

cause of the fatality but we are unable to dIstinguIsh which it was because

of the absence of flotation assistance data.

b~i s € ~s f o r  Conc i udin g Report Indeterminate

The first basis for conc ludin g a report to be indeterminate (node U I)

~ S that HI , H2 , N I , N2 , N3 and S were not reached , the water tempe rature

is urikno~in but the victim possessed either swimming skills , flotation assist—

,ince or both. Based on the swimming ability and/o r flotation assistance the

vict i m  is ascribed a reasonable chance of survival , but based on the un-

certainty about water temperature it is not possible to draw an inference

concerning the causal i nvolvement of cold exposure. The UI classi fications

are illu s t r a ted in Table L4,
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TABLE 2
SELECTED CLASSIFICATIONS :
WATER TEMPERATURE BELOW 70°F

Swimmer

Class i ficat ion

Yes No ?

Yes 113 H3 113

Flotation No D N4 U2
Ass i stance

7 DH U2 U2

TABLE 3
SELECT ED CLA SSIFICATIONS:

WATER TEMPERATURE AT LEAST 70°F

Sw I me r
Classification

Yes Nc,

Yes N5 N5 N5
Flotation

Assistance No N5 NLi N5

N5 N5 N5

TABLE L4
SELECTED CLAS SIFICATIONS :
WATE R TE MPERATURE UNKN OWN

Sw i mmer
Clas s if icat ion

Yes No 7

Yes U I  U I  U I

Flo tation No UI N11 U2
Ass i stance

7 Ui U2 U2
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The other basis for concluding a l eport to be Indeterm inat e ~ru~Je

U2 )is illustrated in Tables 2 and Le . It results when nodes HI , 112, NI , N2 ,

N 3 and S were not reached and the absence of swimming skills or uncertainty

.,hnut them c e r b i n e  with the absence of flotation assistance or uncertainty
L about it and also with water which is either below 70°F or of unLnow n

tempera ture. The further classification of a fatai lty I n i t i a l l y  classi fied

as U2 would require water temperature data and either a positive finding

concerning sw i mming ski l ls  or flotation assistance or a negative finding

concern ing both. The U2 fatalities can not be resolved by the acqu isition

of water temperature data alone.

3 .3  Ground Ru les

There are many factors in addition to those appearing in the rev i ew

log ic in Fi gure 2, which may affect the outcome of a boating accident. The

l~~’~ic involves many simp l ificattons made as concessions to clarity in

communicating the major points. The logic should be regarded , as It was

er~p ioyed , as a general guide for logical anal ysis. Many special cases were

found during the review wh i ch requ ired special consideration. This section

present s statements of ground rules which were adopted for dealing with the

r~ore significant ones.

Tjpe of Hypothermia Considered
The term hypothermia in Fi gure 2 is interpreted to mean i mmersion

hypothermia. Only possible I mmersion -hypothermia fatalities were rev i ewed

beyond block 02.

Cause of Death

T r~e cause of death referred to in block Q2 of Fi gure 2 i5 Interpreted

to rean a definitive cause of death as opposed to an unsupported ind ication

of d rowning or disappearance .

Time /‘~iive in the Water

In ~on~ cases time alive in the water Is not known exactly but a bound

(ucn~~r or lower) on its value is determinable. In these cases , the ana l ysis

proc eeds to block Q14 and the bounding value is used in conjunct ion with

water temperature (if It was known) and the infor mation in Fi gure I to

determine if a conclusion couid be supported . For examp le , if a v lc t lm
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was alive less than 2 hours in 60°F water the rev i ew continues to block

05. If the time bound had been 3 hours , no conclusion would be supported

at block Q14 and the analysis would proceed to Q7.

I mmedi ate Death

The term “ immediate” death used In block Q5 is determined on the bas is

of narrative descri ptions of the accident and Is not based on a particular

time period for the occurrence of the fatality.

Weather

The “calm ” weather referred to in block Q7 is taken to mean winds not

exce eding 15 miles per hour and waves not exceedIng 2 feet. Other comb i na

ti c ,n s of conditions are regarded as “rough” weather.

T u r b u l e n t  Water

Turbulent  water  as found in mountain r ivers and streams and in ocean

surf is t reated as rough weather at block Q7. This determination rel i ed

heavil y on descri ption s of the accident sites in narrati ve reports.

Flotation Assistance

Flotation assistance is regarded as being sa t i sfac to r i l y  provided by

any of several media , including a properly-used , Coast Guard-approved PFD ,

a capsized boat and a tree top. A victim is norma lly found wearing his

PFD if he was wearing one properly when the accident occurred . Modes of

f l o t a t I o n  assistance other than PFD ’s are recognIzed only if there are

~‘itne ss accounts specificall y indicating their use.

S,i i omin~ Skill

The classification of an individual as a swimmer , at b lock s Q9 an d

012 , is negated by factors such as the wearing of hip boots , the exIstence

of appropriate injuries , and the impairment of a panicked non-swimmer

holding the swimmer.

Unconscious Victim

An unconscious victim Is regarded the same as a conscious non-swimmer

at blocks Q9 and QI2.

A lcohol

The use of alcohol by a boatIng accident victim is treated in one of

two way s  depending upon the amount consumed generally as Indicated In
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narrative reports. Victims who were described as “drunk” are regarded

a~ funct iona l non-swimmers. Victims who were not described as drunk but

had been drinking are regarded as retaining their intrinsic swimmIng skills.

3.~ Types of Errors Ant i ci pated

The review procedure discussed in this chapter was formulated to be

systematic , understandable , and consisten t with existing Information on

the three cold-related , lethal mechanisms , and to make maximum use of all

ob tainable data. It i nvolves a number of simplif y ing assumptions wh i ch

can be expected to result in certain errors whose nature may be predicted .

These errors manIfest themselves as erroneous classifications and are dis-

cussed as such in the fol l owing paragraphs. Because of the conservative

rr~ ture of the Hi , 112, and N2 classifIcation s no logical errors are expected .

j  E r r o r s  in S Classifications

For a fatality to be classified as sudden death (block Q6) it is

required that the water be below 60°F , that no other identi fiable defin i—

tive cause of death be known and that it be known that the death or dis-

appearance occurred I mmediately after entry in to the water. For this last

fact to be known generall y requires that the accident have been witnessed

by an observer , either a bystander or a surviving companion in the boat.

It i ’~ reasonable to expect that sudden deaths may occur in circumstances

w hf t h  preclude us from having information on the i mmed i acy of the fata lity.

These f a t a l i t i e s  w i l l  be c l a s s i f i e d  as appropr iate downstream of block Q7
and ~ii l l  not be classified as sudden deaths. Thus the sing le S node Is

a conservative classification which will provide a l ower bound on the number

of  sudden deaths.

E r ro r s  in N3 Classifications

Weather and water conditions are assi gned a prom i nent role in deter-

o i n i n g the outcomes of the log ical analysis schema shown In Fi gure 2. Rough

w a t e r  is taken as a satisfactory definitive cause for a fatality regardless

of the victim ’ s PFD condition and swImming ski l ls. The requ i rements for a

v i c t  in of roug h-water i rmiers Ion to survive , even with a RED , Were described in

Secton 3.2. The probability that a recreational boater could survive even an

hour (if the t rea tment  resulting from rough—water I mmersio n is not regarded as

lar ge ; but it is not 0.0. Thus some cold-related fatalities may be erroneously
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clas s i f  ed as N3. An error of this type results in excess N—node

c l a s s i f i c a t ions.

Errors in H3 Classificat i ons

The 113 classIfication , at block Q11+ , of hypothermia Involved is based

on in format ion  that flotation assistance was used by the victim. Flotation
I.- 

assistance is defined to include some objects , such as t rees and capsized

boats , which may require some conscious effort by the victim to keep hIm

afloat. If the victim does not take steps to secure himself to his source

of flotation he may become separated from It due to cold-related debilitation.

The only si gnificance of this to the classification schema is that two cold-

related lethal mechanisms are i mperfect ly di stinguished with the result

that some debilitation deaths may be classified as hypothe rmia deaths.

Errors in N~ Classifications

The NLi classification at block Q12 is predicated , in part , upon the

determination at block Q8 that the victim had no flotation assistance.

Considered as no flotation assistance are the proper use of a non-approved

P E D arid the imp roper use of an approved PFD as well as the Imp roper use of

a non-approved RED. These off-nomInal PFD conditions may give some m dlvi-

d~.aIs sufficient flotation for a reasonable expectation of survival . Thus

-~o~ e of the fatalities classified as N4 may be directl y due to debilitation

or hypothe rmia resulting from cold—water i mmersion.

Errors in D C l ass l fi ca tl on

Because of the simp il fica ti ons Involved in disregarding off-nominal RED

conditions (discussed in the previous paragrap h) the debilitation death classi-

fication at block Q13 could be app lied to some fatalities wh i ch were in fact

due to hypothermia.

~ urr mary

The log ical errors made in the 113 and D classifications effect onl y the

di stinction between hypothermia and debilitation deaths and are , in fact , off-

setting errors. The lo g ical errors made in the S . N3 and N1+ classificat ions

all serve to erroneously increase the number of N-node class ifications. Some

of the real sudden deaths may be finally classified as 0, 113 or Oh but some

may be c lassified N3 or N1+ . Therefore it must be concluded that the log i ca l

schema in Fi gure 2 tends to classIfy too many fata l Ities as “not cold-related .

The magnitude of this error Is not thoug ht to be large .
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~4 0 ACC IDEN 1 DATA R EV i EWED

In finality two general types of data were used as the basis for

rev i ewin g the 1971, boating fatality history. First , data which could be

L. e ,’t r ict ed  f rom the BAR’ s and their associated narrative reports was summarize d

ar,d reviewed . This led to the i mmediate classification of many fatalities and

also to the identification of certain Important data voids. Efforts to fil l

these voids produced the supp l emental data which was also used in the review.

14 1  Data From BAR’ s

Boating accidents in 1974 which involved one or more fatalities were

i d e n t i f i e d  by printing from the computer summary lists of case numbers , states

and dates of accidents Involving fatalities . These lists were used as the

d i r e c t o r y  to BAR ’ s in the microfiche which report fataliti es.

The BAR ’ s and narrative reports for each fatal accident so identified

were rev i ewed and the following data was summarized for each fatality on

special coding sheets.

I . reviewer ’ s initials
2. case number
3. state
4. date of accident
5. victim ’s name
6. victim ’ s sex
7. victIm ’ s age
8. vict im ’s RED condition
9. victim ’ s sw i mm I ng ability

10. de f In i t ive cause of death (If known)
1 1. distance from shore
12. time alive in water
1 3. water  temperature
11 + . air temperature
15 . name of body of water
16. type body of water
17 . review ’ s finding (node from Fi gure 2)
1 8. remarks

Thc rema rk- , f i e l d  was used to record any pert i nent observations about the

v i c t i m ’ s s t a t e  of  alcohol intoxication and about the prevailing weather and/or

water conditions at the time of the accident.

The review and summary of the BAR’ s pr od uced many data vo ids , partic-

ularl y in PFD condition , swimming ability, time alive In the water , and water

tempera t~ re. These four data i tems were the princ i pa l ones need ed to allow
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comp letion of the c l a s s i f i c a t i o n  of several fatalities . Of the four data

items , it was felt that a reasonable expectation of obtaInIng supplemental

da ta existed only for swimm ing skills and water temperature.

14.2 Supp l emental Data

The supp lemental data which was sought to allow more complete classi-

fication of the fatalities was of two types - swimming skills data and water

temperature data.

Swimming S k i l l s  Data

An ef fort was directed towa rd obtaining additional data rega rding the
swimmIng skills of victims of 1 9714 boatIng fatalities. This effort pro-

duced the following results.

SkIll Level Number Classification

Poor 8 Non-swimmer
Fair 6 J
Good 2 1 Sw i mmer
Excellen t 14 

j

Unknown I 
— 

Unknown
Total 50

The supplemental swimming-skills data effort led to the Ident ification of 35

out of 50 fatalIties who possessed swimming ski lls sufficiently wel l developed

to Indicate a good chance of surviva l even without flotation.

Water Temperature Data

The best source for water temperature data on a nation-wide basis was

found to be the National Water Data Exchange (NAWDEX) operated by the

Water Resources Division of the U. S. Geological Survey (USGS) i n  Reston ,

Virginia. They , of course , have access to the annual USGS water data reports ,

wh i ch are published by State, and the USGS Water Data Storage and Retrieva l

System (WAISTORE). In addition , NAWDEX has direct access to the Storage and

Retrieva l System (STORET) maintained by the EnvIronmental Protection Agency.

Also NAWDEX maintains a computerized Master Water Data index identify ing

other water—data-collecting organizations (e.g., Corps of Eng ineers) around

the country and the specific water data pa rameters they mon i tor. Thus NAWDEX

could not only provide some data , but could provide referrals to appropriate

agencies for the data they could not provide.
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Having identified the best sing le point of contact for nation-wide

water temperatur e data , the next question was how to communicate to NAWDEX

the tim es and places at which water temperature data was needed . Because

of the considerable volume of data requests to be made and to f a c i l i t a t e
NAWDEX processing the data requests , it was decided to Identif y the specific

water data collection stations from which the data was des i red . It was felt

that  NAWDEX should be able to respond more quickly and eas i ly  to requests
for specific stat ions than to requests I nvolving a narrative description

of the accident site. The Identification of the stations was made possible

by the USGS’ s publication of a Catalog of Information on Water Data (6)

which describes data collection station locations by body of water , state ,

co u n t y , nearby landmarks and longitude and latitude. Using this catalog

and a set of USGS Hydrolog ic Unit Maps the statIon or stations nearest the

b o i tin g fatality sites were determ i ned and identif ied by their OWDC numbers.

It appeared in (6) that the OWDC station numbering system was the only such

unified , naton-wlde scheme. Therefore data requests filed with NAWDEX were

stated in terms of the OWDC numbers and the corresponding dates for which

surface water temperature was desired . The requests asked that if tempera-

ture data was not available for the specific dates requested , then it be

provided for the two nearest available dates before and after the requested

date. They also asked that If data was not available for 1974 , then it be

provided for the three most recent years for which It is ava i lab le .

I t was determined that water temperature data was needed and would be

usefu l for classif ying 200 fatal Ities occurring at 179 accident sites in

I~j7Li . Because data was often not available at the exact locations of interest ,

it was necessary to samp le mu l t i p l e  s ta t ions  In the area of some accident
locations. Water temperature data was requested from the USGS at 310 station!

date combinations and an additional 7 combinations we re requested d i rec t l y
from various agencies in California. The 3 10 requests made of USGS p ro-

duced re ferrals to 52 different local , state and regional organizations

for data on 1147 station/date comb i natIons. Data was obtained d irectly from

USGS for 1 1 3  of the remaining 1 63 s tat ion/date combinations. Requests were

transmitted to the 52 referred organizations for the 147 s ta t ion/dates

invo l ved. Five of these organizations responded by Issuing referrals to other

organizations. These “third qeneration ” requests were also made. Useful
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data was received for 87 of the 147 referred station/date comb i nations

and for 14 of the 7 Ca lifornIa combinations. In all , data was obtained

for 204 of the 3 17 requested station/date comb i nations , for a 614 percent

‘.uccess rate. Thi s data supported the estimation of the water temperature

as~.ocia1ed with 157 of the 200 boating fatalities addressed .

‘ unirrla ry

Boatin g fatalities for 1974 were Identified by rev i ewing the BAR’ s

for accidents indicated in  the Coast Guard computer data base to have

invo lved f a t a l i t ies. Of the 11490 boating fata l i t i e s  Ident i f ied i n  this

way , BAR’ s could not be obtained for 15. Thus the logical classification

schema discussed in Chapter 3 was applied to 1475 boatIng fatalities . The

supp lemental swimmin g skills data obtained for 1~9 fatalit ies was combined

with the supp l emental water temperature data obtained for 157 fatalities.

Togethe r , these data supported the successful classification of II I

f a talities which could not otherwise have been classified .
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5.0 CLASSIFICAT I ON AND A NALY SI’~ uF 19714 BOATING FATALITIES

5 .1 Re sults of C l a s s i f i c a t I o n s

The results of app ly ing the c l a s s i f i c a t i o n  schema discussed in Sect ion

3.0 to the most comp lete data obtainable for (974 boating fatalities are

sum mari zed in Table 5. The 1490 identified fatalities are dichotomized into

12514 for wh i ch a definite classification could be obtained and 236 which are

uncert ain. Of the 236 fatalities with uncertain find Ings of cold-related

mechanisms , no information could be found for 15. For purposes of the

analysi s to be performed here , there are no fundamental differences among

f i nd ings  of UI , U2 or Report Missing. These find i ngs all represent fatali-

ties f ur wh i ch a determ i nation of the I nvolvement of a cold-related lethal

mechanism was not possib le.  Of the 12 5 14 fatalIties which were definitely

classified , 197 were found to be cold-related and 1057 were found to be

unrelated to cold.

5.2 Analysis of Results

It is desired to compute point and interval estimates for the per-

centages of annua l fatalities wh i ch are cold-related and also for the per-

centages involving each cold-related lethal mechanism. The point estimators

are to be best unbiased estimators for each desired percentage based on

the data available for rev i ew. Two types of in tervals  have been constructed
around each point estimate to demonstrate how much the point estimates may

be expected to deviat e from the actua l values . A deterministic “interva l

• of uncertainty ” ha s been constructed to show the extreme range of variation ,

‘or each point estimate for 1974 , which results from the inability to

c l a s s i fy each of the 1490 fatalIties as a node S , D , H or N. This interva l

does not a r i s e  from random variation in a point estim ate. Its 1 i r ~i~~s a re

abso lu te  for the 1974 data. Random variation is considered i n  the construc-

t i o n  of the second type of interva l - a bound on the “95 percent confidence

interval” for each point estimate. The confidence interva l expresses the

year-to-y ear variation wh i ch may be expected in the point estimate due to

randomness assuming that the results of the 1251+ definite classifications

are repres entativ e of the real occurrences of cold -related boating fatalities.
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TABLE 5
CLAY~JFICA T IO H~ OF 19714 BOATING FATALITIES

Node Number Subtotal Cl assification

S 6

0 10 1
HI I I 

(97 Cold Related
H2 II

H3 25

OH 43

198

£J2 159

N 3 378 
1057 Not Cold Related

rj 4 2148

N5 74

U I  43

U2 178 
236 Uncertain

Peport
tlissin g 15

T~jTAL 11490
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o i ~ I - t. in  a t

~~ ;ioint esti r ia tors , p , ar e all constructed using the general relation :

= 
rnu~ber  of occu r rences  1P of defin ite classi f Icat onsj 

100)

Ihe ~~ t i :a ~ ad percent of f a t a l i t i es  wh ich  are cold related is denoted by p

and is g i v e n  b y:

~c [~~~~
].(IQo) =

Th~ cc)r resp~)nd ing percent ages for hypother m ia and debilitation deaths require an

al l o c i t  ion of the 43 conclusions of nod e OH between their respective numbers of

occurre nce-,. Thi . w i l l  be done under the assumption that each mechanism occurred

.j ’ f l~~ t h e  143 OH fatal it i e s i n  the same relative proportions that were exhibited

in the 0 and H nodes. These proportions are 47/ (ioi ÷ 147) = 0.318 for hypotherm ia

~~~~~~~~~ and lOll (101 ~ 147) = 0.682 for debilitation deaths. Thus the percent-

~~~cs for  hypothermia , 2h’ and deb il itat ion death , p
~
, are:

flo . 3 i 8 )  ( 14 3 ) ÷ 147 1 14L 12 54 j .( loo) =

r(0.682 ) .(4 3 ) + ion
“° P = I t . ( l O o )  = i O . 4 ~.d L 12514 J

~ ~, .icc~n t  of fatal i t u c -  which inv o lved sudden death , p ,  i s  q iv e r ~ by:

r 6 1.(loo)
- • Li 254 J

~~ mu s of t he re asons i n d i ca te d i n  the d i s c u s s i o n  in Section 3.2 , this est im ate

i .  cor ,ervativ e and could involve a large proportiona l error. It would only

6 undetected sudden deaths for the prop orti~~n il error to be 50 percent

~~/l2 / iOO~ ). Ho~-iever , correction of this error would onl y increase the est im at e

o’ t e ; ~~rcent of fatalities which are cold relat cd by 0.5 percent.

I’~~~rv~,~ ,f tJn ce r tainty

H aii n n c~ np~ sed the best point es ti r atrs of  t s .•  pe rcen taqes  supported  by

m~ t - i i r a b 1 e  data , it is necessary to recognize t u e  uncert ai nty which exists in

t~~~~r~~~~~ - r~~- ul t s. ~ i nc e def i n i t e  conc lusions regardir rq ci ld invo lvem ent cou l not

be s’jp;io rted for each fat al ity, th~ actua l percenta qes for 19714 l uSt  lie w i t h i n

~n i n t~~rva l of unc r r t a i n t y  which can be constructed by cons ider i n s t~~e extreme

c o l bi na ti on s of inv oiv ement which the uncerta in cases mi ght have ~~~J .  The
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lower limits of these interva ls ,P
t
’ are constructed by:

[m ininum possib le number of occurrencesl 
. ( 100)L total number of la t a l ities J

Tic upper I Imits of the i n t e r va l s , pU , .ire obtained f rom :

u 
= 

m aximum poss i b le number of occurrencesi .(IOo)p total number of fatalities J
Fur the comb ina t ion  of all cold-related fatalities these l ower , p

9
, and upper ,

p , I imn i t .  a re :
C 

~~~ =[ l~~ b 1 3 .2*

- and p 4 = [197 (100 ) 2 9 .1*

The sr: d lles t percentage possible , results when the 197 identified cold—related

f a t u i i t i e s  a re  the onl y ones of the 1455 fatalities which were cold related .

Th~ l i r ~ cst percentage po ssible , results when all fatai4ties with uncertain

cold invo i verrients are assumed to involve a cold-related lethal mechanism.

The correspond i ng l i mits for deb ilitation death are :

= []
~~ 

. ( ioo ) = 6.8~

and p
U 

= [101 + z~~ +236 

]
(IOQ) = 25.5*

i t  ‘,ho j ld he noted that in com put ing the uppe r l i m i t  on the percent of debilitation

deaths the 43 node OH fatal ities were all assumed to resuit from debil itat ion.

T k ,. ,f. ,o rc f a talities wh i ch could be classified as “debilitation or hypothermia ’

s~~ 1ih ich could not be further distinguished . Therefore , they are inc l uded in

r r ’~ r a r~~es of uncertainty for debil l tat i on deaths and hypothermia (p~ and p~)

L~jt not for sudden death (p~
). The limits of the interva l of uncertainty for

hjpot h erni a are:

~ ~~~ 
. (~~~~~) 3.2*

and p~ = [1+7 +4 3 + 236 1 • ( 100) - 2l .9~

- ~~~~~ -



The lo •ier l i m i t  fur sudden death is con structed as were those for the

(J t her r:lec ha n i s ms y i e l d i n y :

= [ i4~ö] . ( iou ) =

The upper l i m i t  for sudden death is constructed usin g onl y those u n c e r t a i n
class ifications for which sudden death can not be ruled out based on the

time the vict im s are known to have been alive in the water. The resulting

uppe r l i m i t  i s :

U r 6 + 2 n
~~5 

~L’~° j  . ( Ioo ) = lL + .6,~

Bound on the 95 Percent Confidence interva l

It is interesting to consider the random va r iation wh i ch might be seen

fro r year to year in the percentages of occurrence of the cold -related lethal

mechanis ms . The norma l method of quan t i f y i ng this variation is to establ ish

an interv a l ~i I t hin which the parameter bein g considered is known to lie with

some estab l ished confidence leve l (probabilit y) . The 95 percent confidence
le vel is commonly used and w i l l  be used In this report. To avoid making un-

supportable assumptions about the preci se nature of the probability dis tri-

butions governin g these occurrences , a non-parame tric method (Chebychev ’ s

ine q u a li ty) has been used to establish a bound on the 95 percent confidence

i n t e r v a l  for each of the point estimates computed prev iousl y. The fol lowing

r i r i - al assumnpt Ions must be made to establ ish the desired confidence interval.

I . The proportional data embod i ed in the 1254 def inite
cla ssifications is representative of the occurrences
of the various types of cold -r elated boating fatalites .

2. Col d-related boating fa ta l i t i e s  occur independentl y .

T:.~ fj r, t as~ uopt ion could be invalidated if major meteo ro l og ical or economic

cha nges in the fu tu re  a f f e c t  r e c r e a t i o n a l  p a t t e r rs  and t he a s s o c i a t e d  occurrence

of cold-rel ated recreational boating fa talities. The second as~ urp tion is not

st ri c t l y valid since the tendencies toward cold -related deaths , when several

in~~i , i d uaIs are simultaneousl y im mersed , are linked by the temperature of

the water . The cold- related fatal it ies shown In Table 5 inc lude sing le—and

u i t i p l e_ I a t l i t y  accidents as follows .
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H
No. Fatalities Per Accident No. Accidents No. Fatal it i es

1 2 1  1 2 1
2 28 56
3 14 12
14 2 8

L TOTALS 155 197

f l u l t i p le - f a t a l i t y  acc iden ts  accounted for (76/197) • ( i oo )  = 38.6 percent of

all cold-related fatalities . It is not suggested that there is complete

linkin g between these occurrences. Rather it is suggested that the fatalities

w hich occur wi t h i n  each multi p le-fatality accident may not be Independent .

The max imum number of “linkages ” possible among n entities is equal to the

number of comb i nations of n things taken two at a t ime . That is , n (n- l) / 2 .

The maximum number of linkages possible among 197 fatal it i es is 19,306.

The number of linkages possible in the multiple-fatality data cited above

is: 

28 [2(2-1)/2] + 14 [3(3-1)/2] + 2 [4(4-i)/2] 52.

Thu~ w h i l e  38.6 percent of all cold-related fatalities could be involved in

“rel ated” accidents , they are involved In such a way that onl y (52/19,306)

= 0.27 percent of the maximum possib le lin kages in the outcome s could

be e ’q e u t e d .

Tnn con struction of the bounds on the conf idence i n te r va l s  us ing  Cheb yc hev ’ s

i’ .equ l ity requires estimates of the variances of the point estimators. The

development  of the conf idence in te rval  bounds w i l i  be shown here for the p ro-

~srtion of cold-related fatalities. Then special steps wi l l  be described

~ih i ch arc necessary for confidence in terva l e s t i m a t io n  on the proport ions

o ’ the three cold-related mechanisms . The estimation beg ins by defining a

b s ar, variable X. as follows :

[0 if fatality I not cold-related
i I If fatality i cold—related

for I = I , 2 , . . . , 12514

2514
Not ice that the number of cold-related fatalities is E X. and the proportion

1=1

o f c o l d - r e l a t e d  f a t a l i t i e s  Is PC 
= (1/1254) [ E 

Xj  
. To obtain the

conf idence i n t e r v a l  around the ac tua l  propo r t ion , an es t ima te of t he variance

~ f P
C ’ denoted by Var(p ) and S2 , is required . The following basic
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re la t i o n s h i p wi l l  a ls o  be usc~~.
I ~~~~~

Var( p ) = Var 
~ X j

11254
= Cl! 12514)” Va r  I ~ X

L
1(254 1

= (If 2514)?
.[ 

E Var(X
1
) (Assuming Independence )

[12514
= ( l / l 2 5 1+)?

.[ i=I

= ( 1 / 1 2 5 1 4 ) 2 .  [12514. S2]

Var(p )  = S2/ 12514

The est i m a t i o n  of ~2 uses the fo l l o w i n g  r e l a t i o n .
x

112514 n

s 2 = ( 1 /1 2 5 3 )  I ~ 
— (i/l254) ( ~x I - .

( 1/ 12 5 3 )  [19/ - ( 1/12 54 )  (197)2]

0. 132
x

T - e r n lore 0.010. Us ing P to represent t he actua l proport ion of f a t a l i t i e s

a re  co l d- r e l at e d  and Pr for “p r o ba b i l i t y  tha t ” , Chebychev ’ s i nequal i t y

S~ i t CS

Pr ( PC 
- 
~~ > k s )  < I/k 2 ,

or e q u i v a le n t l y

Pr (p - k~~ P < p + k~S ) > 1 — I/k 2
C 

~c ~
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The expres s  ion in the parenthes es ilc ~ incs uppe r and l ower I in t i ts  ml  a c o n f i d e n c e

i n t e r v a l around P~~. The r i ght- hand s ide  of the inequa l i t y  is the bound on the
conf idence leve l  assoc ia ted  w i t h  t h i s  i n t e r v a l .  It is desired that I - i / k 2 =

0. 95 so k 1 4 . 1 4 7 2  and Che bychev ’ s Inequal it y  g ives the f o l l ow ing  bounds on the

L 95 percent confidence interval.

Pr (0.11 1  P
C
- < 0.203) > 0.95

T h i s  i n d i ca t e s  that the percent of deaths which are cold—related wi l l  be between

1 1 . 1  and 20. 3 percent at least  95 percent of the time .

A s i m i l a r  approach may be used to estab l i sh  a confidence interval  on 
~d’  the

proportion of debili tation deaths. The variable X
1 
would be defined as follows .

[o if fatality i does not result from cold debilitation
i 1~l i f  fatality I results from cold debi l itation

for i = I , 2, . . . ,  12514

In this case , because of the OH nodes , not all of the X. can be determined . However ,

i n  calculatin g 
~d 

it was estimated that (0.682) (143) + 10 1 = 130.33 f a t a l i t i e s
inio l ied cold deb il it a t ion. Thus although a l l the X. can not be determined , it

i s esti m ated that 130 of them would be I , I of them would be 0.33 and the rema inin n

I 2 h  - 3 1 = 1 (23 would be 0. This information is sufficient to allow interval

e st i a irjn a s  follows.

S2 = (1/ 1253) [130.11 - (1/ 1254)(130.33)2] 0.093

S 0.009

Pr(0 .o6~ < P~ 0. 142) > 0.95

T - I s in di cates that the percent of debilitation deaths would be between 6.5 ar’d

R.2 percent at least 95 percent of the t ime .

An anal y s i s  comp le te l y analogous to the preced i ng one may be performed for
tb P  (0.3 18) 143 + 147 = 60.67 hypo thermia fatalities expec t ed among the 125 14

d e f i n i t e l y  c l a - .si fied boating fata l ities. The results are as follows .

s2 = (1/1253) ~6o.~t5 - ( l / I 25 4 ) (60 .67 )2 1  = 0.0146

0.006

Pr(O.02 1 P~ < 0.075) > 0.95
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The correspond i ng confidence in t e i ~~ t i r  the percent of sudden deaths

produces the following results.

= (1/1253) [6 - ( i / I 2 S L 3) (6)2]

$ 0.002
P
S

Pr (-0.00 14 P ~- o .oi14) > 0.95

Because we know P may not be neg ative , the l ower bound may be adjusted to 0.

Summa~~
The po i n t es t i ma tes , intervals of uncer ta i n ty and 95 percent confidence

i n t e r v a ls  are sum marized In Tab le  6 for the cold—related letha l mechanisms

i n d i v idual l y and collectivel y. It should be noted that the “Total Cold—Related

Dea ths ’ row in Table 6 can be obtained by summing the rows above i t o n l y  fo r

the “Point Estimate ” colu mn. Because of multi p le Inc l usions and exclusions of

uncertain and node OH classIfications , the limits on the inte rva ls of uncertainty

are not additive. Because of the nonlinea r way in which risk levels comb i ne ,

th~ bound s on the 95 percent con f i d ence  In t e r v a ls for  the in dividual mechanisms

,,re not add i t i v e .  It should also be noted that the point estimates are all very

- ush c lo s e r  to the lowe r l i m i t s  of the intervals of uncertainty than to their

~p per lim i i i t s .  This ind i cates that the actual per centages for 19714 are probably

co nsid e rabl y closer to the l ower l i m i t s  than the upper limits.
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6.0 DEMOGRAPHIC ANALYSIS OF COLD-RELATED FATALITIES

Thi s chapter presents a demographic analys is  of the 197 boating

f a t a l i t i e s  wh ich were previously c lass i f Ied to be co ld- re la ted . The fol lowing

characteristics are considered in this ana l ysis.

I. time of year of fatalities
2. state in which fatalities occurred
3. temperature of water
4. victim ’ s age
5. victim ’ s sex
6. victim ’s sw I mmIng ability
7. vict im ’s use of flotation assistance
8. type of body of water
9. operator ’ s age and experience
10. operation at the time of the accident (genera l and specifIc

act lv It les)
ii .  type of boat
12. type of casua lty

It should be noted that It is not necessary that the 197 fatal it i es cl assified

as cold-related be the only ones which were In fact co ld - re la ted  or that they
be associated with the proper lethal mechanism for this demographic anal ysis

to be accurate.  It is only necessary that the c l a s s i f i c a t i o n  resu l t s  be
genera l l y representat ive of the trends which ex Ist In the occurrence of cold-

related boating fatalities.

6.1 Distribution of Cold-Related Fatal ities Through Year

The time of the year when the cold- related f a t a l i t i e s  occurred is presented

for bimon thl y periods in Fi gure 3. The frequency of cold-re lated f a t a l i t i e s

peaks in the March—Apr il period . It then falls to Its min imum 4 months later

in the July-August perIod . Following this the frequency rises , more or less

s t e a d i l y ,  back to its peak. The exception to the steady rise in frequency is

the Uovember-December l evel wh i ch is higher than the January-Februa ry level.

Thi s mi ght be due to increased hunting In the November-December period as
compared to the January-February one. The occurrence of the peak frequency

in the Mar ch-A pril period might result from the hi gh level of outdoor recrea-

tion accomp anying the return of warmer weather at a time -when the temperatures

of most bodies of water are nea r their annual minimu m. The data shown in Figure

3 su’jqests that public serv ice announcements ca l l i ng  attent ion to the r isks  of
cold-water i rmiersion should be presented with greatest frequency beginning in

October or November and con tinuing through April or May of each year.
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F I G U R E  3
DI STRIBUTION OF COLD-RELATED FATALIT IES THROUGH YEAR

60

5~4

46

$ ‘~~ s’~r c4f 40
C’~H-P.c- i a ted ________

Fatal i t i C S

27 26

20

9

Jan-Feb Mar-Apr May-Jun Jul-Aug Sep -Oc t Nov-Dec

B i-Mon thly Period

-38-



6.2 Geoilrap h i c a l  Distribution of Co ld— Rela ted Fatalit ies

Several measures may be used to examine the geograp hical distribution

of co ld - re la ted  boating f a t a l i t i e s  across the s ta tes .  F i r s t , t h e  n u m b e r

of such fatalities occurring In each state may be compared . In addition ,

several measures of “rate occurrence” of cold-related boating f a t a l i t i e s  in

each -.tale could be constructed . Two such measures are the ratio of the

number of cold-related fatalities to the volume of boating activity and

the proportion of all boating fatalities which are cold-related . These

three measures are presented in Columns A , C and E of Table 7 for each of

the 50 states and the District of Co l umb ia. The states are ranked in Table

7 in order of decreasing number of cold-related fatalities (Column A). The

distribution of the 236 “Uncertain ” classifIcations among the states is

shown in Co l umn F.

The number of cold-related fataliti es ranges from 0 for severa l states

to 16 for California. The geographical distribution of cold-related fatalI-

ties across the United States is shown in Fi gure 4. Each asterisk represents

one cold-related fatality. The locations of the asterisks are si gnificant

onl y as indications of which states the fatalities took place in. Their

locati ons within the states Is not Intended to indicate the exact locations

of the fatalities. The average number of fatalities in each state (including

the District of Columbia) is 197/51 = 3.86 fatalities per ‘‘state ’’. Figure

5 indicates by asterisks the 23 states which had above-average numbers of

cold-related fatalities. This data indicates the hi ghest concen trations of

cold-related fatalities In states in the northeast , deep south , Great Lakes

and west coast reg ions. The bi ggest surprise In th is result is that so

~.any cold-related fatalIties were found In gulf-coastal states.

E3o ating activity is difficult to measure dIrectly. Table 7 (in Column

B) p resen ts  the percent of all numbered boats In 1971+ which were reg istered
in each s ta te  (based on CG-,57 ( 1.974)) . These percentages do not sum to 100

sin ce Guam , Puerto Rico , the Virgin Islands and Amer ican Samoa were not In-

clu cied in Table 7. Using these percentages as measures of the re la t I ve

amoun ts of boating activity In each s ta te , the rat io of co ld - re la ted  boat ing
fatal i tie s to relative amount of boating actIvIty is shown for each state

in Column C of Table 7. The ratios range from 0.0 for several states to 30.0

for A l a s ka .  The overall ratio Is 2,0. Fi gure 6 IndIcates by asterisks the

22 -.tat e~ which have values of the Column C ratio above 2.0. These “high r i sk ”
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TABLE 7
COLD—RELATED FATALITIES BY STATE

Coli rn A B C 0 C. F

(44r-oer 01 i’ir cent Of COI - A Tot ~~I L4) l - A Unct rt .C - n
S tate ~o l d - ~ e la ted  (974 Boa ti C o l . B  974 BoatIng Col . 0  C l a s i f I -

F a t a l I t i e s  Nu(’(bs red Fata l t i e s  Cd t i o f l 5

~a Tforn a - - 6 7.2 2.2 127 .1 3 (7

Ne4. YO rk 14 5.3  2 .6  85 . 16 5

0 2.3 4 .3 5 1 .20 4
(0 7 .8  .3  69 .1’s 8

A l a s k a  9 0 .3  30.0 48 . 19 8
Mi n nes o ta  9 6 . 5  1. 4 4 1 . 22 1 3

M . , s l s s l p p i  8 1 .0  8.0 19 • 42 5
A i r g i n l a  8 1 .8  4 . 4 46 17 3
Wa,hi f l g t Of l  8 1 .9  4 . 2  33 24 5

Flor i d a 7 4.4 1.6 87 .08 19

Ohio 6 3.7  . 6 38 . 16 7

Or.gon 6 ( .5 8.0 29 .2 1
Pen n sylnan ia 6 2 .1 2.8 30 .20 0

Ma in e 5 (.4 3.6 30 • 7 a
Ma ry land 5 1 .7 2.9 50 .10 5
T.nn.Iu. 5 2.8 .8 36 .1 4 - 2

~enas 5 6.6 0.8 77 .06 Il
41SC OMSIM 5 5.6 0.9 33 .15 5

A,( zona 4 1.0 4.0 7 .24 2
l l l ln~ i4 I, 3.1 .3 49 .08 5

l.oi s,.na Is 2.3 1.7 77 .05 13
P5.~ .iers.~ I. (.8 2 .2 2 1 .19 2

North C .rolin . 4 1.7 2.4 36 . 1 ;  7

Ar k ans as 3 (.5 2.0 20 .15 6
I daho 3 0.8 3.8 12 .25 3

.1 (.9 1.6 20 .15
K e n t u C k y  3 1 .3 2.3 27 .11 4

MaSiaChusC ttN 3 2.0 ( . 5  28 .11 5
MOnt,’.. 3 0.3 (0.0 9 .33
Ut ah 3 0.5 6.0 8 .38 I

~e -irgia 2 2 . 1. 0.8 37 .05 16
in-. ‘a pshl r e  2 0.2 10 .0 II • i8 2

Ce l anor a 2 2 .1 0.9 18 ~l l 7
Sout h Caro l i na 2 2 .1 0.9 54 .04

Conn ect icu t  I (.0 1.0 5 .07 I
Irdiara I 2.2 0.1. 2 ,08 5

Kans as I ( .0  1. 0 7 .1 4  0
M isOu r l  I 2 . 6  0 .4  2 9 .03 6

‘lo.-tb Dakota I 0 .2  5.0 7 - i ’s 2
I 0.2 5.0 7 .14 2

A l l  Ot her  St i t es 0 3 .6 0.0 40 .00 5

19? 99.7 2.0 11.90 . 1 3 2  236
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stnt e -~ follow the same general pattern as shown in Figure 4 except for the

be io- .-i average rIsk shown for Great Lakes states and the above average risk

~Lo-.-i n for Idaho , Mon tana , Wyoming and North Dakota. Of course , comp iete

agreement between the two measures shown in Fi gures 5 and 6 should not be

expected.

Column D in Table 7 shows the total number of boating fatalities

determined for each state. They were Identified by reviewing the BAP ’s

for boatin g accidents ind icated , by the Coast Guard computer data base , to

have invo l ved one or more fatal ities. Column E contains the propo r t ion of

boatin g fatalities in each state found to be cold-related . These were

obtained as ratios of elements In Column A to correspond i ng elements in

Column 0. These proportions range from 0.00 for several states to 0.142 for

il iss i ss ipp i. The overal l average proportion Is shown to be 0.132 . Fi gure

7 i n d i c a t e s  by a s t e r i s k s  the 25 s tates wh ich exh ib i t  proport ions above the

na t io na l average. It may be seen that the heav iest  involvement of above-averai~e

p ropor t ions includes sta tes in the northeast , Great Lakes , deep south and

nort l i - .-ie~.t reg ions. C a l i f o r n i a  is just below the national average.

Three iog icai bases have been presented for d.recti ng the geograph i cal

di s tribution of efforts to reduce cold-related boating fatal ities . They are

- iti fol lowin g .

I . the number of cold-related fatalities in each state

2. the ratio of cold-related fatalities to the percent of
numbered boats reg is tered in each state. Th is  is an
e sti m atIon of the number of “cold-related fatalities
per unit of boating activity ”

3. the propor t ion of a l l  boatIng f a t a l i t i e s  which are cold-
related In each state

u ’ , ’ of the’~e criteria should be decided on the basis of their appropr i—

~~~ nc’.- ,o the type of effort being considered for the reduction of cold-

re ld t .~d boa t i ng  f a t a l i t I e s .

6.3 Temperature of Water

Tr ~e numbers of c o l d — r e l a t e d  fa ta l i t i e s  occurr ing in water  of var ious

tenp eratures are shown in Fi gure 8. The distributio n is essent ially un iform

be t .’i eeri ~O°F and 70 °F w i t h  a much sma l l e r  number (fewer than l0~ ) occurring

in r i nj t t~ r In the 30’s. Three f a t a l it ie s  were c l a s s i f i e d  as co ld-re lated without

knowledge of the temperature of the water involved. These are shown as

“Unknown” in Fi gure 8. Of course , no fatalIties occu rr ing in water over 70°F

Were c l a s s i f i e d  as cold-related.
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FIGURE 8
COLD-RELATED FATALITIES BY WATER TEMPERATURE

70

60 60

50

Nu ’ t,’r Of
Cold-Related 40

Fatal it cs
30

20

I0
3

O 0 
_______ _______ _______ L..

heiow 0 11~ 50 bO 70 Unknown
30

Wate r  Tempera tu re  ( °F )

- 1114 -



6.11 A ge, of the V i c t  ins

The number of cold-related fatalities occurring in various age groups

ar e shown in Fi gures 9 and 10. The age groups used in CG-357 for ‘ opera tor

age” were used in Fi gure 9. Fi gure 10 shows a more detailed and un i formly

s u b —divided age range. The distribution of victims ’ ages follows a pattern

which i ’~ qros- .l y unremarkable. The frequency of cold-related fatal ties ci inibs

quickly above age 10 to its peak In the 20 to 25 years  i n t e r v a l .  It then decl ines

qui c kly to age 35 and is more or less constant until age 65. Onl y about 5 percen t

of the fatalities occurred at ages over 65 while about 50 percent occurred in

th~ 20 year interval between ages 15 and 35.

6.5 Sex of t-h~e V i c t im s

The representation of the sexes among vict i ms of the fatal ities cl as s ified

as cold- related is hi ghl y non-uniform. The numbers of fatal it ies experienced

b y eac~ ~ex are as follows .

TABLE 8
COLD-RELATED FATALITIES BY SEX

Number Percent

180 91.4

Female 17 8.6

TOTAL 197 100.0

over 90 percent of the cold -related fatalities occurring among males ,

~~ere ~c~u ld seell to be merit In the notion of d i r e c t i n g  efforts to reduce

cA d - rela ted f a t a l i t i e s , where possible , toward ma l es .

6.6 Sw i mmi n g S k i l l  and Use of Fiot .’t Ion Assist ance a

Tn~ d i s t r i b u t i o n  of the (97 f a t a l i t i e s , c l a s s i f i e d  as c o l d — r e l a t e d , over

the po- .~~i r i1c  ccji ,b i nations of swimming ab il ity and flotation assistance usage

- ,ht~,,ri in Table 9.
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FIG URL 9
COLD -RELATED FATALITIES BY V ICTIM ’S AGE
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TABLE 9
SWIMMING SK ILL AN D USE OF FLOTAT ION ASSISTANCE

FLOTAT I ON ASSISTANCE USED

Number of 
_ _ _ _ _ _  

________ ____________ Totals
Cold-Re lated
Fatalities Yes No Unknown

Yes 29 11 0 40 179

Swimme r
No 14 0 0 14

Unknown 9 3 2 (4

TOTALS 42 11 3  1+2 197

It should be recalled tha t the definition of flotation assistance inc l udes

approved PFD ’s properly used as well as othe r reliable sources of support wh i ch

were known to be used . Table 9 ind icates that over 55 percent of cold- related
fata lities Involved swImmers without flotation asslstaace. These are fatalities

which mi ght not have been averted by the additiona l use of simple flotation

assistance alone,

6.7 Type of Body of Water

The distribution of the cold-related fatal it Ies over the various types of

bodies of water In which they occurred Is shown In Table (0. Comparing the

perc entages of the 197 f a ta l I t i es  c lass i f i ed  as co ld—r elated occurring in each

type of body of water tc— the overall percentages , it may be seen that there is

very little difference in the two d st ribut1on~ . A s lightly larger percentage

of cold-related fatalities than overall boating fatalities occurred in oceans

and gulfs. A slI ghtly smaller percentage of cold-related fata lities occurred

in non-t idal waters.

6.8 Age and Experience of the Operator

The percents of fatalitIes which occurred from boats beIng operated by

ind iv idua l s in various age groups is shown in Table II.
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TABLE 10
PERCENTS OF FATALITIE S BY TYPE OF

BODY 01 WATER

Cold-Relate d All Boating
Fatalities Fata l it les~

Ocean , Gu lf I2.2~ 7 .7 9~

Great Lakes 3.6°~

Tida l Water s I8 .3~ I6.6°~
Bay (9.~~)
Inlet (2.0°’)
Sound (6 .6 ?~)
Harbor (O.5?~)

Non-Tidal Waters 66.o~ 7l .6~
Rivers (28.k~)
Creeks ( 2.O~)
Canals ( O.5~)
Lakes & Reservo i rs  (34 .5~)
Ponds ( O.5~)

~ Computed from da ta in CG-357 (1974)
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TABLE II
P [RCENTS OF FATALITIES BY OPERATOR AGE

Cold-Related All Boating
Fat alities Fatalities

Lesc than 12 years 0% 0.3%
12 -1 8 years 7 .6% 5.6 %
19-25 years 15.7% 14.7%
26-50 years 45.2% 42.9%
Over 50 years I7.8~’ 16.7%
Unknow n 13.7% (9.5%
No O perator 0% 0.3 %

~Computed from data In CG-357 (1974).

Co p.i ri n y the two distributions of fatal itie s , I t may be conc luded that co ld-

rel ated boating fatal i ties occur from boats operated by individuals whose ages

fo ll ’ - ,, the same pattern as exhibited by the whole of boating fatalities .

Table 12 indicates the percent of fatal It les which occurred wit h the

operators of the boats hav ng experience in each of several categories.

TABLE 12
PER C E~ITS OF FATALtTIE S BY OPERATOR EX PERIENCE

Type of Experience Cold-Related All Boating
Boat 

___________________ 
Fatal  it i e s  Fatal i t i es  ‘~

same Less than 20 hours II .2%** 9.4% -

Same 20- I OU hours 13.2% 13 .1%
100-500 hours 25.9% 16.4%

Sar,Ie Over 500 hours 23.4% (8.9%
Same Unknown 25.4% 1+1. 9%
Same No Operator 0 0.3%
D i f f e r e n t  100-500 hours 1.0 % 0

~‘Cof nputed from data in CG— 357 (I971+)

*ln ciude s O .5~ (I operator) with over 500 hours of
experience in a different type boat

The type of boat shown In Table 12 refer s to whether the operator ’s experience
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was in the same type of boat as that from which the fatalities occurred or

in a different type of boat. Comparin g the two experience distributions it

may be ceen that the main difference is that a smaller percentage of operators

11dm un~-n~ wn expe r ience In the co ld- re ia ted f a t a l i t y  group than in the overall

bc~lti ng fat a l ity group. The reduction In the percentage with unknown experience

[or the cold—related fatalities Is distribu ted largel y across the two categor ies
involvi ng the most experience (100-500 hours and over 500 hours). Therefore

it could not be said that cold-related fatalities occur in a dispropo rtionate

way due to lack of experience on the part of the boat operators.

6.9 OperatIon at Time of Fatality

There are two distinct aspects of the “operat ion” in which a victim was

involved at the time of his fatal accident. There is a genera l aspec t which

describes the nature of the activity, which prompted the individua l to venture

out in the boat to begin with. This general aspect may be particularly useful

in identif ying groups , suc h as hunters , which are s i gn i f i can t l y  represented
among cold-related fatalities. These groups may be reached more or less directly

by prograris aimed at reducing the occurrence of cold-related fatalities. The re

also a specific aspect of the activity at the time of the accident which may ,

ccnvc-/ useful information about the causes of these accidents for various types

of general act ivities. Table 13 shows the distribution of the 197 cold-related

boating fatalities across the various combinations of the affected 11 genera l

act ivit ics and Ii specific activit ies. The genera l and specific activities are

rank ed i n order of decreasing total occurrences.

Reviewing Table 13, the following results may be seen .

I. A pprox imate ly  1+3 pe rcent of the co ld- re la ted f a t a l i t i e s
occurred durIng fishing outings.

2. The 84 cold-related fishing fatalities shown in Table 13
account for approx i mately 33 percent of the 255 fatalIties
indicated in CG-357 to have occurred while fishing.

3. Less than (0 percent of the cold-related fatalities occurred
during hun ting outings.

11 . The (9 cold-related hunting fatalities shown in Table (3 account
for approxI m at el y 83 percent of the 23 fatal it i es indicated in
CG-357 to have occurred while hunting.

5. A pproximatel y 118 percent of the cold-related fatalities occurred
while cruising.

-50- -



TA BLE 1 3
COLD-RELATED FATALITIES BY OPERAT I ON AT THE

T I M E  OF TH E A C C I D E NT

General ActIvity

Number of Cold-Related 
TOTALS

Fatalities 
Fishin g Boating Hunting Unknown

C ruis i ng 1+0* 34 (4 6 914
Dr i ftin g 27 3 5 3 38
RowIn g 6 Paddling 2 17 2 21
Sailing 9 9
Docking 3 4 7

Speci f ic  We ighing Anchor 5 6
Ac t i v i t y  At Anchor 4 I 5

Raft i ng 1~ 4
RacIng 2 2
Under Tow 2 2
Unknown 3 6 9

TOTAL S 84 76 19 18 (97

* Includes 2 who were trolling
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6. Approx i matel y 48 percent of the cold-related fish ing
f a t al itie s occurred wh i le cruising.

7. Approx I m atel y 74 percent of the cold-related hunting
fatalities occurred whi l e cruising.

It may be seen that a substantial proportion of cold-related fatalities occur

whil e fishing and a substantial proportion of fishing fatalitIes are cold-related .

But w hile a very large proportion of hunting fatalities (from a boat) are cold-

related , onl y a s m a l l  proportion of cold-relate d fatal it le s occur while hunti n g.

It may also be seen that a large proportion of cold-related fatalities occur

while cruising. This proportion among hunting fatalities is even larger ,

poss ib l y due to the statistical smallness of the number of hunting fatal Itles .

6 .10 lype of Boat

The numbers of cold -related fatalities occurring from the different types

of boa ts invo l ved are shown in Table 11+ . It may be seen that a very broad range

of boa t types are represented in Table 111 ; but open motorboats from 12 to 16

feet in length account for 39 percent of the cold-related fatal ities.

6. 11 Type of Casualty

The term “type of casualty ” k used In CG-357 to refer to the princ i pal

eject which caused the accident. A more common usage would refer to the outcome

of the accident , particularl y to a person. The term is used here to avoid

ar ci quity in a comparison to results obtained from CG-357 (1974).

Table 15 presents a comparison of the distribut Ion of the cold-rela ted

f atal i t i es and all boat i ng fatalities across the types of casualt ies affected .

The “unknown ” category was not used in CG—357 indicating that such casualties

here probabl y included in the “other personnel casualty ” category. ThIs would

account for the differences in the two distributions In these categories. The
dis tribu tions coincide very closel y, par ticularly for the major casualties -

capsizing and fa ll s overboard. The only significiant remaining difference is in

the flood i ng category, with nearl y 8 percent more cold-related fatalities resulting

from floodin g of the boat than is the case for all boating fatalities comb i ned .
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TABLE 14
COLD-RELATED FATALIT IES BY BOAT TYPE

Number of

Type of Boat Cold-Relate d Fatalities

I . Motorized
A. Fiat Bottom Boat (3

I. (2’ - 11+’ in length (9)
2. 14’ — 18’ In ierigth (2)
3. Unknown length (2)

B. Open Motorboat 99
I. Less than 12 ’ in length (I)
2. 12 ’ - 14’ in length (5 7 )
3. 14’ - (6’ in length (20)
1~ 1 6 ’ - 18’ in length (7)
5. 18’ - 20’ in length (14)
6. Over 20’ in length (6)
7. Unknown length (4)

C. Cabin Motorboat 23
I. (6 ’ - 211’ in length (9)
2. 25’ - 30’ in length ((0)
3. Over 30’ in length (4)

D. Auxiliary SaIl 5
I. 30’ - 60’ in length (3)
2. Over 60’ in length (2)

H. Manual 56
A. Sailboats II

I. (4’ - 18’ in length (7)
2. Ove r 18’ in length (2)
3. Kayaks & canoes wi th s a i l s  (2)

B. Kayaks and Canoes 2 1

C. Row boats and DIng hies 18

D. Ra f ts  5

E. Pontoon with Paddles I

I I I .  Unknown I
TOTAL 197
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Tri i~ ~ec- s p la u s i L l e  .ince swamped boats , as different iated from sunk boats ,

~.iould generall y ca u se i rnersion of It ’. occupants but would not nece ssaril y

threat en em inent dr ownin g . This would present cold -related letha l mechanisms

an opp ortunit -/ to act if the environmental conditions per mit and the victims

are n~ t ‘~i t i ~~facto rMy protected .

TABLE (5
PERC ENT S OF FATALIT I ES BY TYP ES

OF CASUALTY

Cold-Related All Boating
Fata lities Fata!itie s *

G r o u n d i ng 1.5% 1.0%

Cap s i z i n g  43.1% 41.6%

Flooding (swamp ing) (0.2% 2.6~

Si n k i n g  1.5% 5 .5~.
Fi re or Explosion (fuel) 0.5% 0.8%

Fi re or Exp losion (other) 0 % 0.3%

C o l l i s i o n  With Another Vessel 1.0% 3.7~
’

Collis i on Wi th Fixed Object 8.1% 5.0%

Striking Floating Objec t 2.0% I.2~
Other Casualty to Vessel 0 % 3.7~

’

Falls Overboard 20.3% 22.8%

F all s Within Boat 0 % O.7~
S t ruck by Boat or Propeller 0 %

Oth er Personnel Casualty (.5% 9.5’~

~Jnknown (0.2% 0 %

Computed from data in CG-357 (i974) ~~~~~~~~~ ~

~~~
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7.0 SUMMARY ANtI CON (;LU~~lO NS

A sy stematic schema has been developed for the logical rev i ew of the

circ u ;~stances surrounding boating fatalities. It produces classi fications

of t h e  f a t a l i t i e s  regarding the causal invol vement of three cold-related

le thal mechanisms - - sudden death , debilitation death and hypothermia.

An intensive review of the boating fatalities occurrIng in calendar year

19711 has been conducted . This produced an estimate that 15.7 percent of all

boat in g fa tali ties invo l ve one of the cold-related lethal mechanisms . In a

typical year involv ing 1 500 total boating fatalit ies , approx i mately 236 of

them may be expected to be cold-related . Assuming (974 to be a representative

year , it has been shown that the percent of boating fatalities which are coic-

rel at ’:d may be expected to vary due to randomness , from 1 1 . 1  percent to 20.3

percent. The corresponding range of cold-related fatalities , in a year of

1500 to tal fatalities , is from 166 to 301+.

A demograp hic analysis of the fatalities in (974 classified as cold-

related has produced the following observations.

I . 50 percent of cold-related fatalities occur In the
4 mon ths from March throug h June.

2. The states most heavil y invo l ved in cold-related fatalities
are in the northeast , Grea t Lakes , deep south and west
coast regions.

3. 50 percent of the victims of cold-related fatal ~ties were
between 15 and 35 years old and 5 percen t were over 65.

4. Over 90 percent of cold-related fatalities i nvo l ve ma le
V c t I ms.

5. Over 55 percent of cold—related fatalities i nvo l ve victi ms
who could swim but were without flotatIon assistance at
the time of their accident .

6. Cold-related fatalities occur in various types of bodies
of water in essentiall y the same propo rtions as do all
boating fatalities comb i ned .

7. Cold-related fatal it i es occur from boats operated by
individuals whose ages and experience are very representative
of those invo l ved in all boating fatalitIes comb i ned .

8. A ppr ox intately 113 percent of cold-related fa talities
occurred during fishing outings while 10 percen t occurred
during hunting outings. .
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9. 48 percent of cold-related fatalities resulted from
acc i dents which occurred while cruising.

(0. A very broad range of boat typ es were Involved In
cold-related accidents but 39 percent of the
fatalItIes occurred from open motorboats between 12
and 6 feet In length.

II. The percent of cold-related fatalities resulting from
boat swamplngs was slightly larger than the correspond i ng
percent of all boating fatalities .

Cold—related lethal mechanisms have been estImated to account for
approximately 16 percent of all boating fatalities . This estImate probably

lies in the middle ground between two schools of thought on the significance

of cold. While the cold Is by no means involved in a majority of recreational

boating fatalities , it must be concluded to be involved In a significant

proportion of them.

The prob l em has been shown to be more pervasive than might have been

expected. 
- 

The period of most frequent occurrence extends Into early summer.

The geograph ical regions of greatest risk include the deep south. Vict i ms

affected the most range from (0 to 65 years In age. Cold-related fatalities

occur from all types of boats operated by Individuals In all age and exper i-

ence ranges.

Yet there are some clues to the nature of a high-risk populat ion . The

vast majority are males. Over half are swimmers without flotation assistance.

Half are from (5 to 35 years of age. Nearly half are on a fIshing out I ng .

Nearly hal f are cruising at the tIme of their accidents. Approximately 40

percent are in open motorboats between (2 and 16 feet in length. These

characteristics of the high-risk population may enable efforts aimed at

reduc i ng cold-related fatalities to be most fruitfully directed .
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