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Casualty Rate Prediction for Oil Tankers 
Douglas  McKenzie 

A model of  oll tanker  casual t ies  is presen ted  w h i c h  permi t s  an expected casualty 
rate  f o r  each tanker  to be calculated based  on its age  and  casualty  history. These 
e x p e c t e d  rates are s h o w n  to be good pred ic tors  o f  both the actual casualty 
experience and the probability o f  total loss, The model  is based  on the f indlngs  
tha t  1) the casualty  behavior o f  an individual t a n k e r  f o l l o w s  a Potsson distribution 
a n d  2) the Polsson p a r a m e t e r s  fo r  all t a n k e r s  o f  a specif ic  age f o l l ow  an 
exponential distribution. A s  a result. B a y e s '  theorem can be used to calculate each 
tanker ' s  expected casual ty  rate given its age and  casua l t y  history. 

O c e a n  M a r i n e  I n s u r a n c e  

A brief  s u m m a r y  of ocean m a r i n e  p r e m i u m - s e t t i n g  pract ices is given to provide 
con tex t  for the risk model  presented . '  .~ 

A five-year average of c l a i m s  is used  as  a n  e s t i m a t e  of the f inancia l  r isk 
a s soc i a t ed  with s m a l l p a r t t a l  losses (eg, less t h a n  SIO0.O00)of  a par t icu lar  
owner ' s  fleet of ships,  A fleet of five sh ips  wi th  five years  of c la ims his tory is 
of ten considered to be se l f - ra t lng  for this  c o m p o n e n t  of the h u l l  & m a c h i n e r y  
insurance.  

P r e m i u m s  also have to be es tab l i shed  for large part ial  losses a nd  total losses. 
These  events  are m u c h  less  frequent ,  so. for m o s t  owners ,  having  ju s t  a few 
sh ips ,  the rates  are e s t ab l i shed  us ing  i ndus t ry -w id e  s ta t i s t ics .  These general  
ra tes  are then  mult ipl ied by factors which reflect h igher  or lower relative risk of 
a pa r t i cu la r  fleet as compared  to the larger fleet from which the s ta t i s t ics  were 
t aken .  These factors, cal led 'relativlties ' ,  are developed for age, size, trade fie. 
rou te s  traveled), flag (le. na t iona l i t y  of regis tered owner)  a n d  any th ing  else t ha t  
the  underwri ter  believes migh t  affect the risk of loss. 

Hul l  & machinery  i n s u r a n c e  is generally carr ied by  commercia l  insurers  so the 
a t t e m p t  to define a specific fleet 's (le. owner 's)  level of risk is expected.  The 
underwr i t ing  cycles in ocean  mar ine  i n su rance ,  however, are pronounced  hence  
the  ac tua l  p r e m i u m s  t h a t  are  charged m a y  n o t  a lways  direct ly reflect t h a t  
risk. ~ After several  yea rs  of d i sappo in t ing  u n d e r w r i t i n g  resul ts ,  though,  the 
e a r l y  '90s  have s e e n  r a t e s ,  d e d u c t i b l e s  a n d  e x c l u s i o n s  al l  increase 
dramat ica l ly .  In add i t i on  to the overall rise i n  p r e m i u m s ,  underwri ters  are 
m a k i n g  unpreceden ted  efforts  to Identify ' s u b s t a n d a r d '  vessels  tha t  require 
specia l  a t tent ion even to the  point  of con t r ac t ing  sh ip  inspect ions .  

The  l iabi l i ty  side of o c e a n  m a r i n e  I n s u r a n c e .  ca l led  P & I  insurance for 
protec t ion  and  indemni ty ,  is largely hand l ed  by m u t u a l i z e d  shipowner  groups 
k n o w n  as the "P&I c lubs ' .  "Advance calls '  are p repa id  by the shlpowners  early 
In the year and  ' supplementary .  calls '  are made  if the aggregate of advance cal ls  
do no t  cover all the c la ims  tha t  year. Unl imi ted  coverage is provided except for 
oil pol lu t ion with a $500  mi l l ion  limit with a n o t h e r  layer of 8200 mill ion of 
protect ion available commercial ly .  

It is. perhaps, somewhat  less  clear t h a n  with h u l l  i n s u r e r s  how the P&I c lubs  
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a l loca te  the total  calls  requi red  to the specific fleets at  r i sk  since the s t a t i s t i c s  
ava i l ab le  are  even more l imited.  Access to supp l em en ta ry  calls  may make  the  
q u e s t i o n  less compel l ing  t h a n  with hu l l  insurance  In t he  commerc ia l  a rena .  
U n d e r w r i t e r s  for the  c o m m e r c i a l  layer of  oll pol lu t ion  coverage,  though ,  a re  
t .I-ylng to improve selectivity. J u s t  this year, for example,  London underwri ters  
a g r e e d  on a s chedu le  of r a t e s  depend ing  on age and h u l l  des ign fea tu res  as  
ind ica to r s  of risk. 

It is a l so  pe r t inen t  to note t h a t  at th is  t ime, and for t he  foreseeable future .  
f r e igh t  r a t e s  are  genera l ly  dep re s sed  a n d  c a n n o t  s u p p o r t  the  ag ing  fleet 's  
r e p l a c e m e n t  needs,  Many in the  Industry. feel that  i n s u r e r s  could  he lp  th i s  
s i t u a t i o n  bv pricing in su rance  for the s u b s t a n d a r d  sh ips  high enough  to drive 
t h e m  into the scrap yards. 

It appea r s ,  from the descr ipt ion above, tha t  Improved e s t i m a t e s  of risk could be 
o f  use  to tile industry, at this  t ime. This paper  presents  a new model  of t anker  
r i sk  wh ich  combines  the two _types of risk es t ima tes  cu r r en t ly  being used  lnto a 
s ingle ,  c o n s i s t e n t  f ramework based  on ' repor ted casua l t i e s ' .  The two types of  
e s t i m a t e s  tha t  are combined are: 

Five-year  averaging of c l a ims  wi th in  a fleet for the  more  frequent ,  smaU 
losses  and 

S ta t i s t i ca l ly  derived ra tes  for the rare, large losses  ca lcu la ted  by looking 
ac ros s  all tile fleets. 

The  model  p resen ted  represen ts  a first a t t emp t  at this conso l i da t i on  and  m u c h  
w o r k  r e m a i n s  to be done. 

C o n t e n t s  o f  the  Paper 

• 'Repor ted  casual t ies '  are In t roduced  as  a surrogate  for ac tua l  claims. 
- The s ta t i s t ics  of these repor ted  casua l t i es  are then descr ibed .  
• The m e t h o d  used  to ca lcula te  an  expected casualty, ra te  for each ship, us ing  

the s tat is t ics ,  is described. 
• Modif icat ions  to the basic mode l  are briefly discussed.  
• C o m p a r i s o n  of the ca lcula ted  casua l ty  rates with a c t u a l  ca sua l ty  exper ience  

is m a d e  for 1991 and 1992. 
• The expected  casua l ty  ra tes  are used  to predict  the probabi l i ty  of total loss. 
• Areas  In which further  r e sea rch  is needed are d iscussed .  

R e p o r t e d  Casualt ies  

C o m b i n i n g  the two types of  r isk e s t ima tes  requires  a n e w  var iable  to overcome 
t h e  gene ra l  unava i lab i l i ty  of  c l a ims  in format ion .  Even m a r i n e  underwri ters  
m a v  not  have reliable five-year c la ims in format ion  if the fleet being considered 
is new to them. 

Lloyd's  List. a daily newspaper  publ i shed  by Lloyd's of London  Press. provides a 
s u i t a b l e  variable.  The List repor ts  casua l t i e s  incurred by all types of  sh ips  a l l  
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around the  world. These casua l t i e s ,  reported by the n e t w o r k  of Lloyd's agents 
following s h i p  act iv i t ies  all  a r o u n d  the  world,  are  u s e d  as  a su r roga t e  for 
claims. 

The New York-based  Tanker  Advisory  Cen te r  has  c o m p i l e d  a u n i q u e  database  
which i n c l u d e s  every, oil t a n k e r  c a s u a l  t-y repor ted  in Lloyd 's  List s ince  1964. 
The Cen te r  h a s  kindly made  t h i s  d a t a b a s e  ava i lab le  to  Pyramid Sys t em s  to 
make the ana lys i s  reported here  possible. 

This a n a l y s i s  focuses  on 2 . 5 0 0  p r iva te ly -owned  oil  t a n k e r s  w h i c h  incur  
between 350  a n d  450 casua l t i e s  each  year  t ha t  a re  r epo r t ed  in the List. These 
casual t ies  r ange  in severity f rom plugged fuel  l ines  to t o t a l  loss. They do not  
usual ly  have  f inancia l  impact  a s s o c i a t e d  wi th  them.  The  overal l  f requency of 
these c a s u a l t i e s  {I per sh ip  every. 5-7 vears~ Is seen to lie between the more 
frequent sma l l  insurance  c la ims a n d  the less f requent  large  claims.  

There are a few points  to make  a b o u t  these  c a s u a l t i e s  before  descr ib ing their  
stat ist ical  behavior :  

•Vir tual lv  all  "serious' Incidents  u n d o u b t e d l y  appear  as  r epor t ed  casual t ies .  
This c o m m o n  sense expec ta t ion  is suppor t ed  by the expe r i ence  of 
government -owned  vessels. These  ships  have s u b s t a n t i a l l y  fewer reported 
casual t ies  t h a n  privately-owned vessels,  however, they  h a v e  essent ia l ly  the 
same n u m b e r  of serious casua l t i es .  This is probably d u e  to m e c h a n i s m s  
which can  render  the small  c a sua l t i e s  incur red  by g o v e r n m e n t  sh ips  invisible 
to the Lloyd's network but  no t  the  se r ious  ones.  

• The Lloyd's repor t ing network provides  a reasonab ly  u n i f o r m  m e c h a n i s m  that  
does not  i n t roduce  any obvious biases.  There are ce r t a in ly  o ther  ne tworks  
that  are m o r e  comprehens ive  in  specific a reas  but  they  wou ld  in t roduce  
considerable  bias because  of u n e v e n  in teres t  in some s h i p s  over o thers  - eg. 
ships tha t  visi t  American por t s  or ships  insu red  by Lloyd's  or sh ips  of a 
certain flag etc. 

• There is a wide variety of types a n d  severi t ies of i nc iden t s  repor ted  by Lloyd's. 
This ana lys i s  only considers  t he  fact of the incident ,  n o t  the  type or severity. 

The S t a t i s t i c s  o f  R e p o r t e d  C a s u a l t i e s  

The purpose  of  the model  is to quanti fy the propensity to have  casualties for each 
of the 2 .500  t anke r s  of in te res t .  This  can  t h e n  be u s e d  to e s t i m a t e  o ther  
things as  well.  for example,  the  probabi l i ty  t ha t  the s h i p  will become a to ta l  
loss dur ing the  following 12 m o n t h s .  

The me thod  presen ted  is based  on  the fact  t ha t  the  o c c u r r e n c e s  of casua l t i e s  
are  d e s c r i b e d  very. well  by c o n v e n t i o n a l  p r o b a b i l i t y  d i s t r i b u t i o n s .  The 
d i scuss ion  of  these  d i s t r i b u t i o n s  Is b roken  up in to  two  par ts :  First .  the 
number  of c a sua l t i e s  tha t  occur  during any  one  ca l ende r  v e a r  and  second,  the 
number  of casua l t i e s  that  have occur red  s ince a t anke r  first  enters  service. 
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Annual Casualty Experience 
The f i rs t  c o m p o n e n t  o f  t h e  bas ic  m o d e l  Is the  u s e  o f  the Poisson distr ibution to 
descr ibe  t h e  n u m b e r  o f  casua l t i es  t ha t  a t a n k e r  has in one year. T h e  s ing le  
p a r a m e t e r  o f  t h e  d i s t r i b u t i o n ,  k. is t he  ave r age  n u m b e r  of  c a s u a l t i e s  in a year. 
Th is  p a r a m e t e r  p r o v i d e s  t h e  q u a n t i f i c a t i o n  of  t h e  propensi ty ,  to h a v e  c a s u a l t i e s  
t ha t  we a r e  t r y ing  to  e s t a b l i s h  for e a c h  tanker .  The  fleet  ave rage  is  a b o u t  0.17 
c a s u a l t i e s  p e r  t a n k e r  p e r  year. 

An e s t i m a t e  o f  x c o u l d  be  m a d e  f rom t h e  t a n k e r ' s  o w n  ave rage  a n n u a l  r a t e  over, 
for e x a m p l e ,  t h e  l a s t  f ive y e a r s  o r  e v e n  o v e r  i t s  e n t i r e  l i fe t ime.  T h i s  pape r  
d e s c r i b e s  a d i f f e r e n t  m e t h o d  for e s t i m a t i n g  x w h i c h  t a k e s  i n t o  a c c o u n t  t he  
s t a t i s t i c a l  b e h a v i o r  o f  t he  en t i re  fleet. 

The  s e c o n d  c o m p o n e n t  of  t he  b a s i c  m o d e l  is t h e  u s e  of  the exponential 
d is tr ibut ion  to charac ter i ze  the variation o f  the ~.'s f o r  tankers  of  a par t i cu lar  age. 
T h a t  is. 

p d l l x  l age=a) = e";>~/;., 

where  >.a i s  t h e  a v e r a g e  n u m b e r  of  c a s u a l t i e s  for a l l  s h i p s  o f  age 'a ' .  

The ex--pected v a l u e  for t h e  p robab i l i t y  o f  'n '  c a s u a l t i e s  o c c u r r i n g  for al l  of  t h e s e  
vesse l s  [as  o p p o s e d  to j u s t  one  specif ic  vessel} is c a l c u l a t e d  from: 

E[ pr(n [ age=a) ] = f , _ .  pr(,, I x) . pdll}.[ age:a) dk 

= f o - .  e-, xn /n !  * e-x,>~/k, d~. 

= (X.)" / (I+;L~) '"'i~ 

s h o w i n g  t h a t  t he  f r e q u e n c y  of  c a s u a l t i e s  for s h i p s  o f  t h e  s a m e  age  a r e  e x p e c t e d  
to fo l low a g e o m e t r i c  d i s t r i b u t i o n .  T h i s  f o r m u l a t i o n  c a n  be d e s c r i b e d  a s  a 
B a y e s i a n  m o d e l  w i t h  a P o l s s o n  p r o c e s s ,  a p r io r  d i s t r i b u t i o n  o f  a d e g e n e r a t e  
G a m m a  f u n c t i o n  (le. exponen t i a l }  a n d  a ~ d i s t r i b u t i o n  o f  a d e g e n e r a t e  
n e g a t i v e  b i n o m i a l  (le. geomet r i c} .  G e n e r a l ~ d e r l v a t l o n s  a r e  p r e s e n t e d  by. 
D r o p k l n .  ~,"e~ ;e'[ ,' uP_.. 

{ Tills space keeps Figure I & its text logether on the next page t 
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F i g u r e  I shows the  a c t u a l  f requenc ies  of  c a s u a l t i e s  for th ree  d i f fe ren t  ages. 
The  theore t i ca l  r e s u l t s  are  s h o w n  for  b o t h  t h e  geomet r i c  a n d  Poisson 
d i s t r ibu t ions  with the  same ~,. The geome t r i c  d i s t r ibu t ion  is s u p e r i o r  to the 
Poisson  at all t h r ee  ages.  In fact. t he  g e o m e t r i c  d i s t r i bu t ion  m a t c h e s  the  
ac tua l  data  well at  al l  ages considered,  le. from 0 to 34. 

F i g u r e  I - A n n u a l  C a s u a l t y  F r e q u e n c i e s  - A c t u a l  C o m p a r e d  t o  T h e o r y  
Table e n t r i e s  a r e  tl~e n u m b e r  of  s h i p s  t h a t  i n c u r r e d  t h e  # of c a s u a l t i e s  s h o w n  in t h e  left 
hand  c o l u m n .  For  e a c h  age  t h e  a c t u a l  # of  s h i p s  is s h o w n  IAct.), t he  # p r e d i c t e d  by  t h e  
geome t r i c  d i s i r i b u t i o n  IGeo.I a n d  the  # t h a t  w o u l d  h a v e  been  p r e d i c t e d  h a d  we u s e d  the  
Polsson d i s t r i b u t i o n  lPoi.). 

# of  1 Year  Old  S! l tps  10 Y e a r  Old S h i p s  15 Y e a r  O ld  S h i p s  

C a s u a l t i e s  Act. Geo.  Poi. Act. Oeo.  PoL Act, Oeo.  Poi. 

0 353 350.1 348.7 415 412.7 408.7 748 744.8 
1 25 30.1 32.8 48 52.6 59.7 133 139.9 
2 4 2 . 6  1.5 9 6 .7  4 . 4  31 2 6 . 3  
3 1 0.2 1 0.9 0.2 4 4.9 
4 0.1 0 0 . 9  
5 I 0.2 

Total S h i p s  383 473 917 
;'.i = 0.094 ;,.io- 0.146 ;'.15- 0.227 

727.9 
168.1 

19,4 
1.5 
0.1 

The sh ips  used at e a c h  age to ca l cu l a t e  the  ZUs were  d rawn from all  re levant  
sh ips  at risk over the  mos t  recent  5 years .  For example ,  cons ider  the  383 sh ips  
tha t  a re  used to e s t a b l i s h  ~,~ = 0.094. 89 of  t h e s e  sh ips  were I y e a r  old (le. I 
y e a r  old a t  their  l a s t  "birthday') on I / 1 / 9 2  a n d  they  i n c u r r e d  8 c a s u a l t i e s  
d u r i n g  1992. S imi la r ly ,  77 of the s h i p s  were 1 on I / i / 9 1  a n d  i n c u r r e d  8 
casua l t ies  during 1991. 76 ships  were a t  r isk dur ing  1990 and  had  3 ca sua l t i e s  
while  74 ships, d u r i n g  1989. had  6. The  o ldes t  g roup  of sh ips  u s e d  were  67 
vessels  that  were I on  I / 1 / 8 8  and incur red  11 casua l t i e s  dur ing  1988. 

W h e n  all  35 ages  ( 0  to 34) are  c o n s i d e r e d  the  ka's a re  s e e n  to fol low a 
r easonab ly  smooth  progress ion  s h o w n  in F i g u r e  2. The solid d o t s  a re  the  
a c t u a l  ~,,'s ca lcu la ted  f rom the raw da ta .  The l igh t  l ines are  the  l imi t s  of  the  
95% confidence in te rva l s  a round  the a c t u a l  xds, ie. we are 95% c o n f i d e n t  t h a t  
the ' real '  zds lie w i t h i n  the  band of the  l ight  l ines.  The solid l ine  is Just  a 
f i t t ed  curve  wi th  w h i c h  age-specf ic  c a s u a l t y  r a t e s  c a n  be conven ien t ly  
ca lcu la ted .  The conf idence  
i n t e r v a l s  a re  de te rmined  
f rom the  va r i ance  o f  the 
c a s u a l t y  ra t io  w h i c h ,  for 
the  geometr ic  d i s t r ibu t ion ,  
is given by ;.,.,.( l+k,) /# ships.  

At th is  t ime. t he r e  is no 
c o m p l e t e l y  s a t i s f a c t o r y  
exp lana t ion  for the  d rop  in 
casua lh ,  rate after 17 years.  

0.30 
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L i f e t i m e  C a s u a l t y  E x p e r i e n c e  
S ince  the a n n u a l  n u m b e r  of  casua l t i e s ,  n,., of  t a n k e r  't '  a t  age 'a', follows a 
P o l s son  d i s t r i b u t i o n ,  w i t h  p a r a m e t e r  xa, t h e n  the  n u m b e r  of  ca sua l t i e s  
a c c u m u l a t e d  by a s ing le  t a n k e r  after 'a '  years.  Nta, m u s t  a lso  follow a Po lsson  
dis t r ibut ion,  wi th  p a r a m e t e r  At. given by: 

A t a  = ~'k ~.~, k = 0  t o a - I  

Cap i t a l s  i nd ica t e  lifetime, or cumula t i ve ,  (as opposed  to annua/} var iab les  or  
parameters .  

T h a t  the  l i fe t ime e x p e r i e n c e  follows a Polsson d i s t r i bu t ion  Is demons t r a t ed  
t h rough  l terative c o n v o l u t i o n s  of  the a n n u a l  exper ience .  In general,  

PR(Nlyrs=a) = ~:n PR(N-nlYrs=a-l) * pr(nlage=a-l), n=0toN 

where  'PR' i n d i c a t e s  the  probabi l i ty  for the  l i fe t ime n u m b e r  of casua l t ies  a n d  
'pr', the probabi l i ty  for the  a n n u a l  number . '  At t he  end of the second year, for 
example,  this b e c o m e s  

PR(Nlyrs=2) = ~ n  PR(N-nlyrs=l) * pI'(nlage=t), n =0toN 

= Z .  pr(N-.lage=0) * pr(nl~g~=H, . = 0 t o n  

= 'J~-n e xw ~ , t o t N ' n ) / { N - l l ) !  * e T M  ~ . t l n / n ! ,  n = 0 to  N 

= e.lXto.xttJ (kit+kit}N/N[ 

le. a Poisson d i s t r i b u t i o n  wi th  pa rame te r  At2 = ~.eo + ~.tl. Repeated convo lu t ions  
yield Polsson p a r a m e t e r s ,  At=, given by: 

A t a  = A t l a - l )  + ~t la- I} .  w h e r e a t =  0 

= ~"k ~ ,  k = 0 t o a - I  

B e c ause  the ).,a's v a r y  with  age it Is not  clear  h o w  the At='s ough t  to vary_ ac ros s  
t he  fleet  for a n y  g i v e n  age.  This  is because  t h e  d i s t r i bu t ion  of  the s u m  of  
i n d e p e n d e n t  va r i ab l e s ,  s u c h  as  the  x,.'s, even w i t h  s imple  d is t r ibut ions ,  l ike 
the  exponent ia l ,  a r e  u s u a l l y  difficult. It t u rn s  out ,  in th is  case  though,  t h a t  
the  At='S, like the  Xt,'s, a re  a l so  d i s t r ibu ted  exponent ia l ly .  Thls is implied f rom 
the  fact  tha t  the  f r e q u e n c y  of  Itfet/me casua l t i e s ,  like the f requency of annua/  
c a s u a l t i e s ,  n e a r l y  fo l lows  a g e o m e t r i c  d i s t r i b u t i o n .  T h a t  the  A,.'s a re  
d i s t r ibu ted  e x p o n e n t i a l l y  is c ruc ia l  to t he  basic mode l  and  discussed fu r the r  In 
the sect ion "Ca lcu l a t i ng  the  Expected  Casua l ty  Rate". 
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F i g u r e  3 s h o w s  t h e  a c t u a l  l i f e t i m e  f r e q u e n c i e s  o f  c a s u a l t i e s  for  t h r e e  d i f f e r e n t  
a g e s .  The  t h e o r e t i c a l  r e s u l t s  a r e  s h o w n  for  b o t h  t h e  g e o m e t r i c  a n d  P o i s s o n  
d i s t r i b u t i o n s  w i t h  t h e  s a m e  n. The  g e o m e t r i c  d i s t r i b u t i o n  m a t c h e s  t h e  a c t u a l  
d a t a  r e a s o n a b l y  well  a t  al l  t h r e e  ages .  w h i l e  t h e  P o i s s o n  g r o s s l y  d e v i a t e s  a t  t h e  
l a r g e r  v a l u e s  o f  A for 10 a n d  15 y e a r  o ld  t a n k e r s .  The  g e o m e t r i c  d i s t r i b u t i o n  
m a t c h e s  t h e  a c t u a l  d a t a  r e a s o n a b l y  wel l  a t  a l l  a g e s  c o n s i d e r e d ,  te. f r o m  0 t o  
34.  

F i g u r e  3 - Lifetime C a s u a l t y  F r e q u e n c i e s  - A c t u a l  C o m p a r e d  t o  T h e o r y  
Table entries are the number of ships that incurred the # of casuahles shown in the left 
band column. For each age the actual # of ships Is shown (Act.L the # predicted by the 
geometric distribution iGeo.] and tile ~ that would have been predicted had we used the 
Polsson distribution (PoI.L 

# of 1 Year Old Ships I0 Year Old Ships .!.5 Year Old Ships 
3asualtles Act. Geo. Poi. Act. Geo. Pot. Act. Oeo. Pol. 

0 335 331.1 326.4 ]84 182.9 96.5 238 268.7 82.4 
1 39 44.8 52.2 114 112 .2 :53 .3  238 189.9 198.5 
2 7 6.1 4.2 63 68.8 121.9 137 134.3 239.2 
3 I 0.8 0.2 48 42.2 64.6 104 95.0 192.1 

l 4 I 0.I 24 25.9 25.7 67 67.1 115.8 
12 15.9 8.2 35 47.5 55.8 
8 9.7 2.2 17 33.6 22.4 

10 6.0 0.5 15 23.7 7.7 
4 3.7 0.1 15 16.8 2.3 I >-9 ~ 5.7 51 40.4 0.8 

Total Ships 383 473 9]7 
A~= 0.16 A~,- 1.59 A~s- 2.41 

T h e r e  is  a s l i g h t  s y s t e m a t i c  d i f f e r e n c e  b e t w e e n  t h e  a c t u a l  f r e q u e n c i e s  a n d  
t h o s e  given by  t h e  g e o m e t r i c  d i s t r i b u t i o n  for t a n k e r s  t h a t  h a v e  b e e n  in s e r v i c e  
l o n g e r  t h a n  I 0  vea r s .  The  n u m b e r  of  s h i p s  w i t h  n o  c a s u a l t i e s  is o v e r s t a t e d  
w h i l e  the  n u m b e r  of  s h i p s  w i t h  o n e  c a s u a l t y  is  u n d e r s t a t e d .  Th is  effect ,  s e e n  
in  F i g u r e  3 fo r  t h e  15 y e a r  o ld  s h i p s ,  is  d i s c u s s e d  l a t e r  in  t h e  s e c t i o n  
"Mod i f i c a t i ons  to  t h e  Bas i c  Model" .  

W h e n  all  35  a g e s  (0 to  34)  a r e  c o n s i d e r e d  t h e  aa's a r e  s e e n  to f o l l o w  a 
r e a s o n a b l y  s m o o t h  p r o g r e s s i o n  s h o w n  in  F i g u r e  4.  The  s o l i d  d o t s  a r e  t h e  
a c t u a l  A,'S c a l c u l a t e d  f rom t h e  r a w  d a t a .  The l i g h t  l i n e s  a r e  t h e  l imi t s  o f  t h e  
9 5 %  c o n f i d e n c e  i n t e r v a l s  
a r o u n d  t h e  a c t u a l  ha'S, le. 
w e  a r e  95% c o n f i d e n t  t h a t  
t h e  ' real '  na's lie w i t h i n  t h e  
b a n d  of t h e  l igh t  l ines .  The s 
s o l i d  l ine  is  J u s t  a f i t t ed  

4 
c u r v e  w i t h  w h i c h  age-  
s p e c f t c  l i f e t i m e  c a s u a l t y  3 
r a t e s  c a n  be  c o n v e n i e n t l y  
c a l c u l a t e d .  The  c o n f i d e n c e  z 
i n t e r v a l s  a r e  d e t e r m i n e d  , 
f r o m  t h e  v a r i a n c e  o f  t h e  
l i f e t ime  c a s u a l t y  ra t io  given o 

^ u  
6 

F i g u r e  4 - Aa a s  a F u n c t i o n  o f  A g e  

,,.-,, 

/J, 

lO I 5 A~ 20 25 30 35 
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b y  Aa*(l+Aa)/# s h i p s .  The  d r o p  in  c a s u a l l y  r a t e  b e t w e e n  2 2  a n d  2 9  y e a r s  Is n o t  
s a t i s f a c t o r i l y  e x p l a i n e d  a t  t h i s  t ime .  

Calculating the Expected Casualty Rate 

T h e  c a l c u l a t i o n  o f  ~,,~, t h e  c a s u a l t y  r a t e  for  t a n k e r  ' t '  a t  age  "a'. is b a s e d  o n  t h e  
a s s u m p t i o n  t h a t  kt~/k, = ,Xt~/A~. 

T h i s  a s s u m p t i o n  f o l l ow s  f r o m  a n  e f f o r t  to  u n d e r s t a n d  w h y  t h e  a,a'S a re  
e x p o n e n t i a l .  A n  e x p l a n a t i o n  c o u l d  b e  t h a t  t h e  kids a r e  n o t  r ea l ly  i n d e p e n d e n t  
a t  a l l  b e c a u s e  kt~/x~ r e m a i n s  m o r e  o r  l e s s  c o n s t a n t  o v e r  a t a n k e r ' s  l i fe t ime.  
T h i s  c o n d i t i o n  e l i m i n a t e s  t h e  c o m p l e x i t i e s  o f  c o n v o l u t i o n s  a n d  a s s u r e s  t h a t  
t h e  l i f e t i m e  c a s u a l t y  r a t e s  w i l l  b e  e x p o n e n t i a l ,  i t  a l s o  i m p l i e s  t h a t  Ata/Aa wil l  
b e  c o n s t a n t  a n d  h a v e  t h e  s a m e  v a l u e ,  h e n c e  ~.,./za = At . /Aaas  specified. 

Specfal  importance is ass toned  to this ratio because of its persistence. It will be 
referred to as  the "casualty relativity', 'R,', of  the ship because  it specifies an 
individual ship's risk relative to the rest of  the.fleet. 

T h e  c a l c u l a t i o n s  p r o c e e d  i n  t h r e e  s t e p s :  B a y e s '  t h e o r e m  is f i r s t  u s e d  to 
c a l c u l a t e  a n  e x p e c t e d  v a l u e  f o r  A,~ g i v e n  Nta a s  described be low.  T h e n ,  Rt is 
c a l c u l a t e d  f r o m  Rt = Ata/Aa. F i n a l l y ,  t h e  e x p e c t e d  v a l u e  o f  ?.,, is  c a l c u l a t e d  
f r o m  ;,.,a = R, • h .  

T h e  d e v e l o p m e n t  of  E[atal b e g i n s  w i t h  

E(AtalNt~l = ~ , ~ , ' k  --, pdt'(~.lage=a. Nta ) dA, 

w h e r e  pdflAlage=a. Nt,) iS o b t a i n e d  f r o m  B a y e s '  t h e o r e m  a s  fo l lows  

pdflA I age=a. Nta) pllNta I ^1 * pclll ^ I age=a) 

pf(N,.} 

e-A ANta/Nta[ * e-^/^a/Aa 
= _ _  

(A~} Nt" / (I+Aa)IN,-,t) 

H e n c e ,  E{ A,a I Ntal ( I +Nt.) * (.~a) tNu', t) i ( l +Aa} (Nt'+2) 

w h i c h  y i e ld s  Rt = { 1 +N,,) / ( 1 +Aa}. 

(Aa) Nta / ( l + A a )  ~N~'l~ 

( I + N . , )  * A. ,  

(i+A~) 

?.,, IS t h e n  c a l c u l a t e d  a s  Rt * k~ 
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M o d i f i c a t i o n s  t o  t h e  B a s i c  M o d e l  

There are two modifications tha t  are m a d e  to the basic model as  described 
above. 

The first re la tes  to the systematic ~1,ur in llfetlme casualtles for  ships that have 
been In service more than 10 years. The bas ic  model  overstates  the n u m b e r  of 
these ships  which have not  incurred a n y  casua l t ies  a nd  correspondingly  
unders ta tes  the  n u m b e r  tha t  have i n c u r r e d  only one. Other  f requencies  are 
predicted accurately.  

A change in  the a s sumed  dis t r ibut ion of  A's from the exponen t ia l  to the more 
general  t r ans la ted  G a m m a  funct ion e l imina te s  this  sys temat ic  error. The 
effect of th is  change  on the calculat ion of R was s tud ied  for all  ages between 9 
and  23 for N = 0,1,2 and  3. It was f o u n d  tha t  for N = 0 the basic  model 
predicted a smooth drop in R from 0.42 a t  9 years  old down to 0.22 a t  23 years  
whereas the more accura te  model ylelded a c o n s t a n t  R of 0.42 between 9 a nd  
23 years of service. Slmllarly for N = I the  more accura te  model  predicts  a 
more or less cons t an t  R of 0.50 for sh ips  older t h a n  13 years.  For N = 2 a nd  3 
there was no  significant difference be tween  the basic  model a n d  the more 
accurate  model. 

The basic model  has  been modified by replac ing the R value ca lcula ted  by the 
exponent ia l  model by the cons t an t  va lue  found  above. This m e t h o d  of m a k i n g  
the modificat ion was chosen  for two r eason :  First,  the ca lcu la t ions  with the 
t ransla ted G a m m a  func t ion  are m u c h  more  complex a nd  t ime c o n s u m i n g  t h a n  
those with the  exponent ia l  hence avoiding them with no loss in  accuracy  is 
convenient .  Second,  the roughly 800 s h i p s  tha t  are affected by this  are a t  
below-average risk whereas  the value of the  model  is in  its abi l i ty  to accura te ly  
quant ify the  risk of those ships tha t  a re  a t  atxx~-average risk. 

The second modification resul ts  from the basic  model's tendency to exaggerate 
the deviation of  a tanker's casualty rate f r o m  the average rate. For example,  
tankers  t ha t  the  model identifies as be ing  a t  high risk, do have m a n y  
casualt ies,  b u t  not  qui te  as  m a n y  as  predicted.  SÁmilarly, t a nke r s  identified as 
being a t  low risk, do have very few casua l t i es ,  bu t  slightly more  t h a n  predicted. 

At this t ime there is no satisfactory exp lana t ion  for this  ' regression towards 
the average' but ,  nonetheless ,  a satisfactory,  heur is t ic  correct ion is made  with: 

Rcor ree t e  d = R 0 . 7 4  

For all pract ical  purposes  the range of corrected R-values is I / 2  to 3. 
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C o m p a r i s o n  o f  E x p e c t e d  C a s u a l t y  R a t e s  w i t h  Actual  R a t e s  

Casualties in 1991 
O n  I / I / 9 1  t h e r e  w e r e  2 , 4 2 0  p r i v a t e l y - o w n e d  t a n k e r s .  The  b a s i c  m o d e l  w a s  
a p p l i e d  u s i n g  t h e  s a m e  k i n d  of  c a s u a l t y  i n f o r m a t i o n  p r e s e n t e d  e a r l i e r  b u t  o n l y  
u s i n g  d a t a  b e f o r e  1 2 / 3 1 / 9 0 .  V a l u e s  f o r  ~ w e r e  c a l c u l a t e d  for  a l l  o f  t h e  s h i p s .  
A d d i n g  u p  a l l  t h e  x ' s  y i e l d e d  a 
t o t a l  p r e d i c t i o n  o f  436 .6  F i g u r e  5 - 1 9 9 1  C a s u a l t i e s ,  P r e d ,  & A c t .  
c a s u a l t i e s  for  a n  a v e r a g e  r a t e  
of  0 . 1 8 0  (436.6/2420L T he  f leet  Predicted z 
w a s  t h e n  b r o k e n  u p  i n t o  t h e  6 
r i sk  g r o u p s  s h o w n  in  F i g u r e  5.  

The  l o w e s t  r i s k  g r o u p  i n c l u d e s  
s h i p s  w i t h  X's l e s s  t h a n  75% of  
t h e  a v e r a g e  r a t e .  T h e s e  I 0 4 3  
s h i p s  (43%)  c o l l e c t i v e l y  h a d  a n  
a c t u a l  c a s u a l t y  r a t e  o f  0 .097  
(I01/I043)  w h i l e  t h e  p r e d i c t e d  r a t e  w a s  0 . 1 0 1  (I05.0/I043).  S i n c e  t h i s  r a t e  is  
a b o u t  h a l f  t h e  f leet  a v e r a g e  of O. 180,  t h e  g r o u p  is l a b e l e d  '0.5 ' .  

Risk C a s u a l t y .  - -  # o l -CasuaJ t i es  - - -  
G r o u p  R a t e  R a n g e  # S h i p s  Ac tua l  

0.5 -0 .135  1 0 4 3  105.0+10.7 101 -0.37 
1.0 0 .135 -0 .225  820 139.4",-~z.8 124 -1.20 
I .S 0 .225 -0 .315  299 79.9 +.t.~o.~ 94 ,-1.40 
2.0 0 .315 -0 .405  128 45.I _+_ z.s 39 -0.78 
2.5 0 .405 -0 .495  72 32.0 ± 6.8 40 ~-I .I 8 

3.0 0 . 4 9 5 -  58 35.2 +_ 7.s 27 -I  .09 

2420 436.6 _+22.7 425 

The  a v e r a g e  r i s k  g r o u p ,  l a b e l e d  ' I .0",  c o n s i s t s  o f  a l l  s h i p s  w i t h  ~ b e t w e e n  75% 
a n d  1 2 5 %  of  t h e  a v e r a g e  r a t e .  W i t h  8 2 0  s h i p s ,  t h i s  g r o u p  is 34% of  t h e  f leet .  
C o l l e c t i v e l y  t h e y  e x p e r i e n c e d  a c a s u a l t y  r a t e  o f  0 . 1 5 1  (124/820) w h i l e  t h e  
p r e d i c t e d  r a t e  w a s  O. 170  (139.4/820). 

The  r e m a i n i n g  5 5 7  (23%) of  t h e  s h i p s  a r e  s p r e a d  b e t w e e n  t h e  four  h i g h  r i sk  
g r o u p s  w h i c h  r u n  f r o m  1.5 u p  to 3 t i m e s  t h e  a v e r a g e  r a t e .  T h e s e  s h i p s ,  all  
t a k e n  t o g e t h e r ,  h a d  a c a s u a l t y  r a t e  o f  0 . 3 5 9  (94+39+40+27/557L twice  t h e  a v e r a g e  
ra te ,  w h i l e  t h e  predicted r a t e  w a s  0 . 3 4 5  (79.9+45.1+32.0+35.2/5571. 

T h e  p r e d i c t i o n s  s e e m  to  m a t c h  t h e  a c t u a l  r e s u l t s  we l l  b u t  v e r i f y i n g  t h i s  
r e q u i r e s  t h a t  t h e  d i f f e r e n c e  b e t w e e n  t h e  a c t u a l  a n d  predicted n u m b e r  o f  
c a s u a l t i e s  b e  l o o k e d  a t  ca re fu l ly .  T h e s e  d i f f e r e n c e s  a r e  e x p e c t e d  to  be  t h e  
r e s u l t  o f  t h e  P o i s s o n  p r o c e s s e s  t h e m s e l v e s  a n d  n o t  ' e r ro r ' .  In  t h i s  s e n s e ,  t h e s e  
d i f f e r e n c e s  a r e  p a r t  o f  t h e  p r e d i c t i o n  - t h e y  must  occur ,  o t h e r w i s e  t h e  m o d e l  
c a n n o t  b e  c o r r e c t .  T h e  i s s u e ,  t h e n ,  i s  d e t e r m i n i n g  w h e t h e r  t h e  a c t u a l  
d i f f e r e n c e s  a r e  c o n s i s t e n t  w i t h  t h e  s t a t i s t i c s  o f  t h e  m o d e l .  To do  t h i s ,  t h e  z- 
v a l u e s  g i v e n  b y  z = ( A - P ) / o  a r e  c o n s i d e r e d  - "A' a n d  'P" a r e  t h e  p r e d i c t e d  a n d  
a c t u a l  n u m b e r  o f  c a s u a l t i e s  a n d  ¢~ is  t h e  e x p e c t e d  standard d e v i a t i o n .  T a k e n  
a l l  t o g e t h e r ,  t h e  z - v a l u e s  s h o u l d  b e h a v e  l i k e  a r a n d o m  s a m p l e  f r o m  t h e  u n l t  
n o r m a l  d i s t r i b u t i o n ,  N(O, 1 ). 

T h e  m e a n  o f  t h e  z ' s  i s  0 . 1 4  (p>.8)  w i t h  ,T= 1 .15  (p>.3) .  T h e s e  v a l u e s  a r e  
c o m f o r t a b l y  c o n s i s t e n t  w i t h  N(O, 1). F u r t h e r .  t h e r e  is n o  e v i d e n c e  of  s k e w n e s s  
icoef,  o f  s k e w =  - 0 . 5 2 l  a n d  o n l y  s l i g h t  e v i d e n c e  o f  n e g a t i v e  k u r t o s i s  [coef. o f  
k u r =  - 1.50].  T h e r e  w e r e  n o  t a b l e s  a v a i l a b l e  to  c a l c u l a t e  p v a l u e s  for  s k e w  a n d  
k u r t o s i s  s i n c e  n = 6 is so  s m a l l .  A n  a l t e r n a t e  m e a s u r e ,  a 3 d f  C h i 2  t e s t  
c o n s t r u c t e d  to maxLmize  t i le  effect  of  a n y  k u r t o s i s ,  y i e lded  p=0 .29 .  

496 



C a s u a l t i e s  in  1 9 9 2  
On i / I / 9 2  there were  2,507 pr ivate ly-owned t a n k e r s .  The basic mode l  was  
aga in  appl ied  using,  in addi t ion,  the c a s u a l t i e s  i n c u r r e d  dur ing  1991. New 
va lues  for x were ca l cu la t ed  for all  of  the ships .  Adding  up all the x's wielded a 
to ta l  predict ion of  448 .8  casua l t i e s  for an a v e r a g e  ra te  of  0.179 (448.8/2507]. 
Figure  6 shows the fleet broken up  into the s a m e  6 relative risk groups. 

The first  th ing  to n o t e  for 1992 Is tha t  t h e  a c t u a l  n u m b e r  of  reported 
casua l t ies ,  34 I. is on ly  76% of 
the total  predicted. This  is 4.7 
,,'s below the prediction 
(p<0 .0002%) .  T h i s  large 
difference is unlikely to  be part 
of  no rma l  var ia t ion.  Possibly 
th is  r educ t ion  is d u e  to the 
increased deduct ib les  and 
e x c l u s i o n s  m e n t i o n e d  In the 
in t roduct ion ,  resul t ing  in more 
casua l t ies  going unrepor ted .  

Figure  6 - 1 9 9 2  C a s u a l t i e s ,  Pred. & Act .  
Risk Casualty --- # of Casualties --- 

G r o u p  Rale  Range # S h i p s  Predicted Actual 

0.5 -0 .134 1115 I11.9± i~ .~  95 
1.0 0.134-0.224 812 135.8 ±12.6 98 
1.5 0.224-0.313 313 83.1 +~o.z 67 
2.0 0.313-0.403 137 48.4 +_. 8.] 32 

2.5 0.403-0.492 59 25.8 __. 6.] 21 
3.0 0.492- 71 43.8 _+ 8.4 28 

2507 448,8±23.o 341 

If all of the k's are sca led  down 
to 76% of  the i r  ca lcula ted 
va lue  we will still  be able  to 
a s s e s s  the model ' s  ab i l i ty  to 
q u a n t i t a t i v e l y  d i s c r i m i n a t e  0.5 
b e t w e e n  t h e  d i f f e r e n t  risk 1.0 
levels. F i g u r e  7 s h o w s  tha t  1.5 
t h e  s c a l e d - d o w n  predict ions 2.0 
agree well with the ac tua ls .  2.5 

3.0 

Figure  7 - 1 9 9 2  C a s u a l t i e s ,  Pred. & Act .  
R e v / s e d  P r e d i c t i o n s  

R i s k  C a s u a l  .ty - - -  # o f  C a s u a l t i e s  - - -  
G r o u p  Rate RanEe # S h i p s  Revlsed Pred. Actual z 

-0.102 I I 1 5  8,5.0+9.6 
0 . I02 -0 .170  812 103:2_+!o.8 
0.170-0.238 313 63.1 + 8.7 
0.238-0.306 137 36,8 ± 6.8 

0.306-0.374 59 19.6 ± s.~ 
0.374- 71 33.3 ± 70 

The z-va lues  have a m e a n  of - 2507 341.0 
0 .03  a n d  o = 0 .73 ,  again, 
comfor t ab ly  c o n s i s t e n t  wi th  t he  expected  N(0,1).  The  

95 +1.04 
98 -0.48 
67 +0.45 
32 -0.71 

21 +0.27 
28 -0 .76  

341 

s k e w n e s s  o f  0 . 3 3  
c o n t i n u e s  to be i n s ign i f i c an t  a n d  the k u r t o s i s  is -1.26.  The two  year  
pers is tence  of negative kur tos ls  is noted with no  exp lana t ion .  

P r e d / c t i n g  t h e  R i s k  o f  T o t a l  L o s s  

There  is a direct relation b e t w e e n  the  probabili ty o f  a sh ip  becoming  a total loss 
a n d  its predic ted  c a s u a l t y  rate. This is e s t a b l i s h e d  by analyz ing  all 202 to t a l  
losses,  both  ac tua l  a n d  cons t ruc t ive ,  that  h a v e  o c c u r r e d  to privately-owned 
tankers  s ince 1976. The basic mode l  was appl ied  to each  of these sh ips  based 
on thei r  age and c a s u a l t y  record on I /1  of the  y e a r  they were lost. Accoun t  
was  made ,  in these  ca l cu l a t i ons ,  for the fac t  t h a t  more  c a s u a l t i e s  were 
reported in the '60s a n d  early '70s than  are r epor t ed  now. 
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The TLs were then  g rouped  in to  the  same  6 r i sk  g r o u p s  used  before. F i g u r e  8 
s h o w s  an  e s t ima te  of  h o w  m a n y  sh ip-years  a t  r l sk  the re  have  been, in each  
r i s k  group ,  du r ing  t h e  17 y e a r s  s ince  1976. T h e s e  e s t i m a t e s  were m a d e  by: 
Fi rs t ,  a s s u m i n g  2 ,500  s h i p s  were  a t  r lsk e a c h  year. Second ,  a s s u m i n g  the  
pe rcen tage  of  ships  in e a c h  r i sk  g roup  has  b e e n  re la t ive ly  c o n s t a n t  and  can  be 
e s t i m a t e d  by averaging the  pe rcen tages  in the  '91,  '92 a n d  '93 fleets. The ra t io  
of  TLs to n u m b e r  of s h i p s  at  r lsk  is then  given a l o n g  with  its o. The o shown 
ref lec ts  no model  error, only  va r i a t ion  
impl ied  by the  s ta t i s t i c s  of  the  Potsson 
d i s t r ibu t ion .  

Figure  8 - 2 0 2  TLs f r o m  '76  t o  '92 
A c t u a l  and  F i t t e d  

Risk 
The  th ree  high risk g r o u p s  are  pooled Group #Shivs #TLs T~ rate Fit 
in  the  las t  l ine of F i g u r e  8. The ships  0.5 18,600 24 0.]3% +0.03 0.13% 
in  t h i s  pool ,  wl th  r i sk  = 2 .4  (le. 1.0 14,100 74 0.52%+o.o6 0.48% 
c a s u a l t y  ra te  is 2.4 t i m e s  the average), 1.5 5,300 37 0.7o% ±0.i~ 0.82% 
are  3 x  m o r e  l ike ly  to b e  r e p o r t e d  a s  total t.O 2,300 40 1.74% ±0.e7 I .I 7% 
l o s s e s  t h a n  a v e r a g e  a n d  1 0 x  m o r e  likely 2.5 1,100 18 1.64% +0.39 1.51% 
to  b e  r e p o r t e d  a s  to ta l  l o s s e s  t h a n  the 3.0 1,100 9 0.82% +0.27 1.86% 

l o w  l ' isk s h i p s .  42,500 202 0.48% +0.03 0.48% 

There  Is no formal  p r ed i c t i on  o f  to ta l  ~,ota H~ m.ko~,~ 
IOSS ra tes  to compare  wi th  the  a c t u a l  2.4 4,500 67 1.49% +0.18 1.44% 
v a l u e s ,  however, i t  is  s e e n  tha t ,  
general ly ,  a s  the r isk goes  up,  the  ra te  of  TLs g o e s  up.  A s t ra igh t  llne of  to ta l  
loss  ra te  vs r isk fits well  to the  three  lowest  r i s k  g r o u p s  a n d  the pooled high 
r lsk  group. The line is given by O.69o(risk-0.31) a n d  can  be used  as a "predictor' 
for the  total  loss probabi l i ty  of  a sh lp  where r l sk  = x t / ~ ¢ ~ e .  

In a c t u a l  pract ice,  t h e  to ta l  loss  probabi l i t i es  for  a l l  sh ip s  are  scaled,  af ter  
be ing  calcula ted ,  so t h a t  7 to ta l  losses  are p r e d i c t e d  for the  c o m i n g y e a r  s ince 
th i s  has  been the c o n s i s t e n t  fleet experience s i n c e  1985. 

S u m m a r y  a n d  A r e a s  o f  F u r t h e r  R e s e a r c h  

The  s t a t i s t i c s  of oil t a n k e r  c a s u a l t i e s  r epo r t ed  in Lloyd's  List are found to 
fo l l ow  P o i s s o n ' s  d i s t r i b u t i o n  for  i n d i v i d u a l  t a n k e r s  wh i l e  the  Poisson 
p a r a m e t e r s  for all t a n k e r s  of  t h e  s a m e  age a r e  f o u n d  to follow exponent ia l  
d i s t r i b u t i o n s .  B a y e s '  t h e o r e m  p e r m i t s  t h e  c a l c u l a t i o n  of  the  casual ty  
relat ivi ty,  R, for each  s h i p  given i ts  age and  l i f e t ime  n u m b e r  of  casual t ies .  An 
e s t i m a t e  of  a sh ip ' s  c a s u a l t y  ra te  is made  by m u l t i p l y i n g  the  average casua l ty  
ra te  for t anker s  of the s a m e  age by R. 

The  predic ted  ca sua l t y  r a t e s  pe rmi t  the t a n k e r s  to be  sepa ra t ed  into six rlsk 
g r o u p s  in order  to c h e c k  their  accuracy .  The p red i c t ed  n u m b e r  of casual t ies  for 
e a c h  g roup  was  found to be cons i s t en t  with the  n u m b e r  ac tua l ly  incurred 

The u s e f u l n e s s  of t he  p red ic ted  c a s u a l t y  ra te  w a s  d e m o n s t r a t e d  by showing 
t h a t  the probabiIJty of to ta l  loss  corre la tes  wi th  t he  pred ic ted  rate. 
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Oil  spi l ls  a n d  o the r  ser ious casua l t i e s  are  cur rent ly  be ing  examined  as  their  
f r equency  varies with X and also with age a n d  R separately. 

There  are three o ther  areas which  need addi t ional  a t ten t ion:  

The uncertainty i n  k 
Expe r i ence -based  ra t ings  can  suffer from the in f requency  of the  events.  The 
p r i n c i p a l  effect t ha t  this  has  on  the  x's is a relatively large var ia t ion  for a given 
N. [o for ~. is (I+N)~J~/(I+A) a s  compared  to the expected v a l u e  of (I+N)/(I+A).] 
O n e  purpose  of Dropkin 's  paper, in  fact, was  to point  ou t  th i s  problem in  the  
a r e n a  of au to  i n s u r a n c e  for indiv iduals .  For  off t anker  casua l t i es ,  it could be 
u s e f u l  to add re s s  this  p rob lem by u s i n g  add i t iona l  i n f o r m a t i o n  to select  a 
v a l u e  for x sl ightly different f rom its expected value. For  example,  a t anke r  
w i t h  a n  owner  who has  few casua l t i es ,  could  be ass igned  a ~ somewhat  less 
t h a n  the  expected value, whi le  a t a n k e r  with a n  o w n e r  who ha s  m a n y  
c a s u a l t i e s  could be assigned a k somewhat  greater t han  the  expected value. 

R mmy eI~ange wlth t i m e  
T h e  bas ic  mode l  a s s u m e s  t h a t  t he  c a s u a l t y  re la t iv i ty ,  R, is c o n s t a n t  
t h r o u g h o u t  a t anker ' s  lifetime, There are  some c i r cums tances ,  though,  where 
t h i s  may  not  be reasonable,  for example,  after a t anke r  is so ld  to a new owner. 
It  wou ld  be desirable  to identify, as  qu ick ly  as  possible, w h e n  recent  ca sua l ty  
exper ience  may indicate a change  from the  historical experience.  

Util izing c la ln~ information 
E s t a b l i s h i n g  a re la t ionsh ip  be tween  a c t u a l  c la ims a n d  k cou ld  increase  the  
u t i l i t y  of the  model, 
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