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A IXVIhW AND OUTLINE OF R E E N "  COST ESTIMATION STUDIES 
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FOX, J.C. , GOOD, M.C. and JOUBERT, P.N. (1979) 

Coll is ions  wi th  U t i l i t y  Poles 

Depar'ment of Transport (pp.423) 
Report CR1, Office of  Road Safety, 

-rg 

'Ihis report  covers a mjor Australian  study of road accidents   in  

u t i l i t y  ples. The col l is ion  data  cover the  period 197G/77, and the 
the  mtropolitan area of %lbourne  involving  collisions with roadside 

study  involved an in-depth  evaluation of pole  accident  characterist ics,  

estimtes annual  accident  nunkers at  specif ic  pole sites ked on site 
leading t o   t h e  developnent of a n  accident  predictor model which 

measurements. 

estimte the societal   costs  associated with various  injury  levels  for 
Cetailed i n f o m t i o n  on in ju r i e s  and vehicle  damge w a s  used to 

Australian  conditions. This study  developed three alternative bases fo r  
the estimation of the social cost of road accidents. Use of t h e  latter 
basis shrxved that the annual social loss fran  pole   accidents   in  
.&lbourne was $23 million. Tnese social cost estiimtes are u t i l i s e d   i n  
benefi t4ost   evaluat ions of selected  accident  countemasures. 

The Cost of Pole Accidents 

This review is confined to the accident cost es t ima t ion   p r t ion  of 
the  report  contained  in Chapter 5, with brief  reference  to  applications 
of these estiimtes elsewhere i n  the study. 

In Chapter 5 ,  Fox e t   a l .  develop three alternative bases for 
accident cost calculations,  using  data fran the  study, and a cost  
framework arrived a t ,  a f t e r  reviewing a range of recent s tudies  
concerned with estimates of the social cost of road  accidents. 

'Y:\9Lx 27 

ESTIMATED A N N U A L  COST O F  P O L E  ACCIDENTS: M E L B O U R N E *  

1 Costing Method A n n u a l  Cost  Average  Cost 
per Accident 

I 

$ m  8 I 
Current resource costs: 7.0 3,371 
Total costs net  of  consumption; 16.9 8,186 

Total costs: 23.1 11,175 

From Table 5 . 1 3  (p.2EO) i n  Fox e t  a l .  

used i n  benef i t sos t   ana lyses ,  (e.g. of transport  expenditure), but have 
me report  notes that estimates of road  accident costs are widely 
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also  served as measures of accident severity i n  the  priority  ranking of 
accident  =dial  projects. Such accident  severity masures are needed 
t o  permit comparison of prcgrms which involve  reductions in   acc idents  
with  differing  mixtures of accident  severity. 

conceptual framework and as t o  ccmponents t o  be properly charged to road 
I t  also  notes the existence of several  schools of thought as t o  the 

accident costs. Fox e t  a t .  adopted the  ex post method of e s t h t i n g  
accident costs: a f t e r  the  event,  rather  than  the e s  ante, before  the 
event or willingness-to-pay,  concept. The report adopted three 
alternative  concepts of costs fo r  which estimates were rmde, namely: 
current  resource  costs only; total accident  costs  (direct and indirect)  
including  foregone  future income net of consunption; and totat   accident 
costs  (direct and ind irec t )  including  foregone  future income. 

estirrates are reproduced i n  Tables 28 to 30. %ble 28 shows average 
The average costs per accident used by Fox e t  a t .  to der ive  their  

costs on a current  resource  cost basis. 

TABLE 28 I 

COST 
C A T E G O R Y  

Lost Work Time 
Hospital 
k d i c a l  
Rehabi l i ta t ion 
Legal .& Court 
Insurance  Administration 
Accident  Investigation 
Vehicle Damage 
Pole & U t i l i t y  Damage 

TOTAL 

I 

Source: Table 5 . 9  fp.2521 

l- 
A V E R A G E  A C C I O E N T  COSTS B Y  I N J U R Y  L E V E L  
FOX ( 1 9 7 9 )  C U R R E N T  RESOURCE  COSTS 

A . I . S . ( S c a l e )  - 
6 - 

0 

8 0 7  
2 9 5  

50 
2600 

350 
100 

2400 
180 - 

6782 

- 
Fos et 

I 

4- 
1 

5 

4200 
5924 

81 3 
4050 
2000 

350 
1 0 0  

2360 
1 8 0  

19977 

1: A . I . S .  

4 

2800 
2626 

584 
2050 
1 3 0 0  

350 
1 0 0  

2290 
1 8 0  

12280 

3 t h e  A t  

c 

I 
Sbn 

3 

1 3 7 0  
1 1 6 8  

252 
45  

900 
300 
100 

2290 
1 8 0  

6 6 0 5  

aviated I, 

___ 
2 

740 
2 9 3  
1 3 5  

40  
200 
250 
1 0 0  

2230 
1 8 0  

- 

- 
4 1 6 8  

- 
z y  Scai 

- 
1 

5 5  
42 
34 
3 5  

1 5 0  
70 

100 
2080 

1 8 0  

- 

- 
2746 

- 

7- - 
r o p e r t ,  
amage 
n l y  
- 

0 
0 
0 

0 
10 

40  
0 

1 7 9 0  
1 8 0  
- 

2020 

- 
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?he direct  conponents of accident costs consist  of property darurge, 
radical evnses, and lost i n m  resulting frcm accidents. Indirect  
costs include such factors  as the value of pain and suffering,  losses 
incurred by others  (family,  employers, etc) . Fox e t  aZ. note that both 
i n  t h e i r  study and i n  the l i t e r a t u r e  the m j o r  source of var ia t ion   in  
overa l l  estimte of accident cost is the  treatment of the value of lost 
incan? or  production r e s u l t i n g  f ran death or injury.  In t h e  cuprent 
resource  cost approach  adopted i n  Table 28, future in- lasses are 
exluded, and thus. fonn  the lower bound of the cost estimates presented. 

In %ble 28 acc ident   fa ta l i t i es  (AIS class 6) a t  under $7,000 are 
valued s ignif icant ly  less than mjor injury accidents (AIS classes 4 and 
5 ) .  FDX e t  aZ. c m n t  that the current  resource  cost approach ". , . . 
seem to grossly understate the relative societal value of a f a t a l i t y . "  

Average Tota l  Accident  Costs  (Direct and Indirect)  showing foregone 
future income net of consmption are shown i n  Table 29. 

TABLE 29 

FOX 25.  31. (1979) TOTPl COSTS (NET OF CONSWTION) f 
AVEPAGE ACCIOENT COSTS BY lNJURY L E V E L  

1 
1 
1 - 

L 

COST 
C A T E G O R Y  

1 k e e t  Earnings 
2 Family. C m i t y  
3 Hospital 
4 Other k d i c a l   e t c .  
5  @habilitation 
6 Legal & Coupt 
7 Insurance Adninistration 
8 Accident Investigation 

IO Vehicle Damage 
9 Lasses to  Others 

12 Other Costs 
1 Traffic  &lay 

TOTAL: 

S o m e :  Tobie 5 . 1 0  (p .2541  i n  

t 

T 

+ A .  I .  5 .  (SCdLE) INJURY LEVEL 
PROPERTY , 

ONLY W J t U  i 

25444' 
m7 
295 

2600 
50 

350 

14W 
1W 

24W 
100 
la0 - 

118526 __ 

L- I 

I 
I 
! 

1 
i- :h€ 

:t I 
P '  

t 

120 
293 42 
135 

0 

40 
34 0 

2W 150 
35 

10 
0 

250 70 
1w 1w 

40 

60 10 
0 

22x1 12WQ ! 1790 

0 

10 ' 0  

j 2w 

Le. 

This table contains  several additional cos t   cwonen t s ,  namely: 

(a) production (i.e. income) losses net of consumption f o r  
(i) the accident  victim, and 
(ii) family and comrmnity; 

(b) losses to others  (employers etc. ) ;  and 

(c) t ra f f ic   de lay  costs. 
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Table 29  shows a mch higher  average cost level   for  b t h   f a t a l i t i e s  
and major in jur ies ,  at about $119,000 and $78,000, respectively. hibst 
of t h e  increase results from the value of foregone  incow of f a t a l i t i e s  
and  reduced earning  capacity of major injuries,  discounted to a present 
value  over their r e m i n i n g   l i f e  expectancy at a discount rate of 7% 
p.a. Average i n c a w s  were incremented by 3% p.a. to  allow fo r  
productivity  increases, and the overall   calculations took into  account 
the age and sex .  d i s t r ibu t ion  of road accident  casualt ies,   thus 
determining a weighted  average cost f o r  each  injury  level. 

Average Total Accident Costs (Direct and Indirect)  including lost future 
income, are contained i n  'Igble 30. 

TAB3 30 

I A V E R A G E  ' A C C I D E N T  COSTS B Y  INJURY L E V E L  

I"---- FOX e t . <  X I .  
7 

I 
COST C A T E G O R Y  

Market Earnings 

Horpi t a l  
Family. Community 

Other  Medical, e t c .  
Rehabi l i ta t ion  
Legal & Court 

Accldeht Inves t iga t ion  
Insurance  Administration 

Losses t o  Others 

T r a f f i c  Delay 
Vehicle Ohmage 

Other  Costs 

(1979) TOTAL COSTS (OIRECT h I N D I R E C T )  $ 

100 
180  180 

1 

I t TOTAL 204582 125642 

R Y  L E V E L  

1370 

2050 I 
1300 I 900 

5 84 252 

180  180 

- 
ROPERTY 
OAMA6E 

O N L Y  

0 
0 
0 
0 
0 

40 
I O  

0 
0 

1190 
200 
4 80 

2220 

- 

- 
- 

Table 30 is basically similar to lhble  2 9 ,  except that average 
consunption is not  deducted from foregone income. 'he results of these 
estimates are conceptually  similar to the U.S. o f f i c i a l  estimates of 

average cost of a f a t a l i t y  is a b u t  $205,000, or over 70% larger than i n  
F'aigin (1976), and are generally of the san~ order of magnitude. The 

ab le  29. 

In a discussion of previous  accident  studies, Fox e t  at.  noted that 
the  majority of  such studies  included  directly related costs, including 
property  damge, medical and hospi ta l  costs, the  value of lost work time 
(but  did not always include lost future  earnings), legal and court 
costs, loss of vehicle use, and court daRarge awards above known costs. 

The value of lost future  production  resulting frcm a f a t a l i t y  or 
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permnent   disabi l i ty ,  was included as a cost i n  the Total  Cost 
studies.  Reynolds (1956) in   t he  U.K. w a s  noted as one of the earlier 
s tudies   to  acknowledge th i s   cos t  item, although  adopting a value net  of 
average consmption.  Subsequently  hwson (1967) i n   t h e  U.K. and Troy 
and Wltlin (1971) and Paterson (1973) i n  Australia adopted the net  
i n a n e  concept fo r  their cost estimates. 

Although a l l  such mthods involved the calculation of a present 
worth o€ the  estimated net  or gross future  i n m  stream by discounting 
at s m  nominated in te res t  rate, s a  variation '&tween results was 
introduced by taking the age dis t r ibut ion and average  earnings  for  each 
age group of casualties into  account,  leading  to a  weighted  average l o s t  
in- f igure  for  each accident class. Also, the treatnent of those not 
i n  the  workforce, min ly   femles ,   var ied   in  that sm were a t t r ibu ted  
average earnings, i n  other cases i n m s  of t'nose eclployed were averaged 
over  the  total i n  each age group. 

accident cost study by Faigin (1976). ' h i s  was supplemated  in the  
Fox e t  a t .  drew extensively on the wthodology  of the detai led U.S. 

Melbourne pole accident  study w i t h  detailed  survey cost da t a   r e l a t ing   t o  
vehicle darrrage, pule and u t i l i t y   d a m g e ,  and hospital and rredica.1 costs. 

cases studied by Fox e t   a t .  When the repair  casts exceeded the m r k e t  
Vehicle damge costs were obtained  for each of the 879 accident 

value of the vehicle, the latter value w a s  obtained f r m  a trade guide 
and used as  the  accident cost. .After adjustmnt,  the  average N?l'Dourne 
vehicle damge costs ranged between $1,790 for a property4amge-onPJ 
acc ident ,   to  $2,400 for  a fatal i ty   accident .  

were reviewed i n  s m  d e t a i l ,  and estirrated at an average of $180 per 
Because of the  focus of this  study, pole and u t i l i t y  a g e  costs 

accident. 

Hospital and mxlical casts were obtained f r m  the b t o r   k c i d e n t  
Board of Victoria,  a goverrrent agency established i n  1973 to administer 
"no-fault" compensation for  those  injured  in road accidents. 

Accident Cos ts  Used by Fox e t  a l .  

'Ihe cost estirrates derived by Fox e t  a t .  , as s h a m  i n  Thbles 28 t o  
30, were disaggregated by injury  severi ty  class (according t o  the six- 
class Abbreviated  Injury  Scale - AIS - developed by the b r i c a n  &?dical 
Association), which was seen as a necessary  factor  in  applying  such cost 
d a t a   t o  the evaluation of accident  countemasures.  

In the current  resource cost estimtes of Table 28, u t i l i s i n g   t h e  

where available,  but otheruise  adapted t h e  G.S. 1975 average cost 
f o m t  of the U.S. study  of h i g i n  (1976), Fox e t  aZ. used local data 

estimtes for  a l l  three cost f rmworks .  
figures,  with  the  objective of establishing  "order+fmagnitude" 

Current  resource  cost estirrates for l o s t  cork  time were based on 
the U.S. 1975 data on average  days l o s t ,  and Australian  earning 
statistics. Medical,  hospital and ambulance costs  were derived  fran 
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administration, and accident  investigation  costs were derived frcm the 
b t o r  Accidents Eoard and survey  data; legal and court  costs,  insurance 

U.S. stuciy. 

below. 
Vehicle d m g e  w a s  obtained i n  the  study and estimated as discussed 

The Total  Accident  Costs (net of consmption) i n  Table 29 include 
estimtes of lost fu ture  earnings of f a t a l i t i e s  and casualties with 
permanent d i sab i l i t i e s .  

'Ihese estimates mke no dis t inct ion between accident  victims i n  or 
out of the workforce,  thus non- incm earners (mainly housewives) are 
a t t r ibu ted  a f u l l  average m r k e t  i n m .  ?be estimates of percentage 
i n p i m n t  for  AIS categories 4 and 5 in   mig in  (1976) were adopted, 
together with  Australian income and consunption data for calculation of 
lost i n c m  for injury cases. Fox e t  a t .  also used the  Faigin  discount 
and  productivity rates of 7% and 3% per annum respectively. 

also derived  frcm the U.S. study. 
lhe unit values of Losses t o  Others, and Tra f f i c  Delay Costs are 

Table 30, containing Total Accident Costs (Direct and Indirec t ) ,  is 
similar  in  content to a b l e  29 except that average consumption is not 
deducted frcm foregone  earnings. 

None of the  estimates  ccnpiled by Fox e t   a l .  contains estimates of 
the costs of pain and suf fer ing resul t ing frcm road accidents. I t  is 
noted that the U.S. NHTSA study of 1971 included  such  estimates, and 
Faigin (1976) acknowledges its val id i ty  as a social cast, but  considered 
that available data were too poor for estimation. 

Application  of  Estimrtes t o  Accident  Categories 

Fox e t  at .  then  applied  these  average costs t o  seven classes of 
pole  accidents to investigate  the pattern of cost different ia t ion.  
Par t ly  because of -11 sample sizes, it was necessary t o  reduce  the 
range of accident  categories which showed cost discrimination to two: 
in tersec t ion  and non-intersection pole accidents. 

accident  characterist ics measured i n  that   s tuly,   including impact 
Fox e t  a t .  were able to shm the cost, levels of a wide range of 

direction, as a guide to  vehicle  crashworthiness  improvents.  'Ihe 

cost estimates are a necessary basis for rational decision lrraking a b u t  
study  concludes  (in respect of the cost estimation  exercise) that social 

accident r e d i a l  prograxms. 
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LAWSON J.J. (1978) "The Costs  of Road Accidents and their 

m ' o g r m s "  Riper t o  Annual Conference o f  the Roads 
Application i n  Economic Evaluation of Safety 

and Tran6portation  Association o f  Canada ( O t t a w a ,  
September 1978) .  (pp.20) - 

The author is on the s t a f f  of Transport Chnada  and i n  t h i s  paper 
reviews past approaches to the estirmtion of rold accident  costs and 
concludes  that  present  cost mas ' a r emnt  mthods can  only  provide minimum 
estimtes of safety  benefits .  It is recognised that road sa fe ty  
measures require  canparative  evaluation  involving  assessnent of t h e i r  
social cost and benefi ts .   Est imtes  of the  "mter ia l"   costs  of road 
accidents i n  Canada are  presented for 1976 and 1978, but  include three 

and these estitmtes involve a s igni f icant   l eve l  of uncertainty. The 
corrponents only:  property  damge, lost work e f fo r t s ,  and health care, 

usefulness of these  accident cost estimtes i n  r e c m n d i n g  acceptance 
or reject ion of any s a f e t y   p r c g r m  i s  found t o  be l imi ted   in   p rac t ice  
min ly  because the social worth of rold safety  benefits  m y  vary with 
the  nature of the specific accident risk involved. 

I Bjtinmted @st of R3ad kcidents i n  (Bnada for 1976 and 1978. 

Iawson provides estimtes of "minimun" accident costs for  Canada i n  
197G and 1978 following  "conventional masuremnt practices". me three 
mjor areas of property damage, productive work e f f o r t s ,  and health  care 
are   the  basis of the estimates,  sunrrarised i n  Table 31. 

TABLE 31 

ESTIMTEU COST OF ACCIDLNTS CAtUM: 1976 L 1978 
( i n  SCmadian) 

( 1 1  M i n i a n  Total Accident Costs 1976 1978 

a w n . )  1,500 
400 
100 

Pmprty OUvw (and c m n r a t i m  

Lost P m d w t i v c  work effort 
Health care 

$m e 

- 
Total $2 ,5W m i l l i o n  

Fatal accident 1KOSQC 1Bo.WO 
Injury  accident 5,m 5.m 
P r w e r t y  durge  accident 1.m 1.m _ _ ~  

n.wo n.m 



72 

TABLE 32 

Age 
Group 
(Years 

15-24 

25-34 

35-44 

45-54 

55-64 

65+ 

VALUE OF PRODUCTIVE WORK EFFORTS: CANADA 1975 

M A L E S  

Averaae' Workforce  Value of 
Earnings Participation Total Work 

Rate efforts 
plus 10% 

f % $ 

4.830 63.6  3,379 

11,879 Y6.4 12,596 

14,579 97.2  15.554 

13,851 93.7  14,276 

11,788 80.1  10,386 

6.546 17.4  1,253 

F E M A L E S  

Average Workforce Value of 
Earnings* Participation Total Worl 

Rate effort  

d % 
ticipants; s 

3,599  48.7 
(6.863) 

8,534 

6,141  49.9 
(8,858) 

11.068 

5,999  48.2 
(8,627) 

10,706 

6,130  43.6 
(8,617) 

10,496 

5.624  29.0 
(8,141) 

9,321 

2,557  4 .8 
(8,000) 

8,192 

* Avemge  earnings  of  full-tine  females sham ;n parentheses. 
An increase  of 10% f o r  mates and 50% for  (m-housewife)  females i s  allowed f o r  the 
estimated value o f  " a d d i t i m l  home md family  services". 
For males,  calculation (15-25  yrs . )  i s  (4830)  x (0 .636)  x (1.10) = 3379; for  females 
( e . 9 .  25-34 yr8.l  calculation i s  (8858) x ( 0 . 4 9 9 1 ~  ( 1 . 5 )  + (8858)  x (0.501) = 11068 
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TABLE 33 

PRESENT VALE O F  FUTUR MRK EFFORTS: C A N A L 4  1975 

m Pdler T ?-@ 

0 
5 

, 33.042 40.056 
48 5 4 9  58.856 

10 71.334 86,478 
15  104.813  127.064 
20 
25 

132,595  132.628 
173,417  110.833 

30 174.999  136,760 
35 177,324  130.820 
40 161,997  124,385 
45 139,479  114.930 
50 114,488 I O Z , M ~  
55  77,760  83.911 
60 48 ,463  64.235 
65 5,403 35.325 
69 1,253 8,192 
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Vehicle Damage  and other  Property D m g e  

damge  occurring i n  r d  accidents (whether or not  reported,  repaired or 
Social losses i n  t h i s  category  include a l l  vehicle and property 

cmpensated) . Off ic ia l  records are incomplete, but insurance claim 
reports are relat ively comprehensive. 

Iawson obtained 1W6 property  damge estimates (per  vehicle) of $132 and 
Using separate data from both  private and public  insurance  records, 

$115 respectively  (including costs of ccqensation  administration). 

Source Number of Average cost %tal 
vehicles  per  vehicle cost 

CF c$m 
Private  Insurance 
coxpanies  9,107,000 132.08 1202.8 
Public  Insurance 
cmpanies 2,932,000 

12,039,000 
114.97 
127.91. 

337.1 
1539. 
- 

This total   includes:  $900 million  actually  carpensated by insurance 

million  estimated damge to  uninsured  vehicles. 
companies; $100 million  deductible  (i.e. "no+laim excess"); and $500 

vehicles, hwson rounds of€  ' the total at  $1500 million. Police 
Because of the  uncertainty  surrounding  the estimtes for  uninsured 

e s t h t e s  of damge costs by severi ty  of reported accidents  are:  

Qst per accident 
CF 

fa tal   accident  
injury  accident 
property dmmge 

5,000 
2,500 
1,300 

Using these  f igures,  a t o t a l  cost of $1,000 million is obtained,  leaving 
$500 million occurring i n  unreported  accidents. 

Lo6t  Productive Employment  and other Work E f f o r t s :  

Cross-sectional  data on earnings by sex and age fo r  1975 were the 
basis of these  estimates, which are mmmrised i n  'Pables 32 and 33. 

average loss figure per accident  victim was cmputed as follows (based 
Thus, given  the age and sex  dis t r ibut ion of road  accident   fa ta l i t ies ,  an 

on Average Lost Work Efforts per Fhtali ty of $126,000): 

Total Lost Work Efforts:  1976 Fa ta l i t i e s  

( i )  
C$m 

paid work e f f o r t s  500 
( i i )  housewives' services 90 
( i i i )  other unpaid services 70 

$660 million 
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"essentially  arbitrary"  estimates of t h e  value  of  "unpaid" work. 
Lawson notes that a% of these   fa ta l i ty  costs consist  of 

However, the  effect  ofthe  discount rate upon these  estimates is very 
mrked, so that  the present value f igure of C$126,000 fo r  lost work at  
8% (i.e. 10% less 2% product iv i ty)   fa l l s   to  aboutC$88,000 at 12% p.a., 
and rises to  a b u t  C$440,000 a t  zero interest  rate. 

Iawson applied results of the U.S.A. study  (Faigin, 1976) t o  
estimate the mrk-loss effects of d i f f e r ing   i n ju ry   s eve r i t i e s ,   mb ined  
w i t h  Canadian hospital data on road accident  cases, to derive a n  
estimate of the  value of lost work e f fo r t  due to  accidents i n  1976. 
Tnese estimates were t i en  distributed  according to the U.S. "Abbreviated 
Injury Scale" (AIS), as shown i n  Table 34. 

TABLE 34 

LOST WORK EFFORTS O F  ROAD ACCIDENT INJURIES: CANADA 1976 

A.I.S.  Proportion Nunber Average Total 
Loss -6 of Cases of Casualties Loss 

4 $m 
1 0 A40  171,394 56 9.7 
2 0.100  20,404 740 15.1 
3 0.041  8,366  1.380  11.5 
4  0.014  2  .a57  31,000  88.6 
5 0.005 1,020  71,000 72.4 

Total ( 1-5 1 .ooo (204,040)  (967)  (197.3) 
( c l a s s e s )  - 

6 T h e   A I S   C Z a s s i f i c a t i o n  o f  work  l o s s e s  a d o p t e d   u e p e :  
A I S ( 2 ) :  1-6  d a y s  l o s s ;  A I S 1 2 ) :  2 1   d a y s ;   A I S ( 3 ) :  3 9  d a y s ;  
A I S ( 4 1 :  2 5 %  i m p a i r m e n t ;  A I S l 5 ) :  5 7 %  i m p a i r m e n t .  

C$l,oOO and total lost work e f f o r t s  of Ccj200 million. 

Health Care Costs 

me est i r ra tes   in  Tdble 34 were rounded t o  a n  average loss of 

are not  available for Qnada as  a whole, detailed estimtes for two 
Although separate hospi ta l   t reatmnt  costs of road accident cases 

Provinces (Quebec and Chtario) were u t i l i s e d   t o  a r r ive  a t  rounded 
estimtes: 

Total  health care costs 
(for 200,ooO cases i n  1976): @lo0 million 

Average costs per victim 
i n  1976: c$soo 
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Other  Material  Accident Losses 

lawson considers that because of the  uncertainty  present i n  the 

property damage, the  estimation of other mterial losses such a s  the 
estinates of the larger  cost components of lost work e f fo r t s  and of l o s t  

cost of police services at  road  accidents, loss of use of vehicles,  
inconvenience to family etc. i n  caring for casual t ies ,  would r e s u l t   i n  

main esthate ( th i s ,  he  considers, is l ikely to be t r u e  of health costs 
relat ively m11 fisures which would be within  the  rounding error of the 

also) .  

Conclusions 

In  presenting  these  accident cost estirrates, Lawson concludes tha t  

estimates of ' t rue '  social values of safety  improvemnts" ... ..and, that 
the "art of masurenx?nt of accident costs can only  provide minimmi 

it is also l ike ly   tha t  these minimun estimtes yield  differ ing 
proportions of the true  values i n  differ ing  accident   severi t ies  and r i s k  
s i tuat ions.  

Lawson thus  considers that the use of  such m i n i m  estimates i n  
b e n e f i t s o s t  or cost-effectiveness  analyses is severely restricted when 
r e m n d a t i o n s  as to  the  acceptabi l i ty   of ,  or p r i o r i t i e s  among, safety 
p r o g r m s  are concerned. 

"Calculations of minimum benefits  .... and...of  simple  cost-effectiveness 
m y  still aid decisions  within  safety progransnes, but  there  appears to  
be no substi tute  currently  for  administrative or political judgemnt as 
to the nature of social p r i o r i t i e s  between differing  ' types '  o€ r i sk" .  

I1 - Chtline of Azper: 

Introduction 

Iawson notes that road safety absorbs a considerable  level of  both 
public and private resources and is a component  of mny  expenditure 
p r o g r m s .  ?he bene f i t s  from such p r o g r a m s  arise f r m   t h e   r e b c t i o n  
of accidents, casualties and consequent d i sab i l i t i es ,   suf fe r ing  and 
anxiety - and perhaps also fm increased m b i l i t y  and vehicle   l i fe .  
?he public  expenditure  evaluation  technique of benefit<ost  analysis 
appears  therefore to of fer  a prospect of solving swre canplex  decisions 
i n  road safety  planning. Tnese include the  conparative  evaluation of 

p r o g r a m s  should be imlemented or rejected (.on economic grounds) and 
qui te   d iverse   ac t iv i t ies ,  and the  determination whether individual 

a l so  to  suggest the  " just i f iable  size" of the road safety budget i n  
re la t ion to other social objectives. 

The rrajor problem encountered is the determination of appropriate 
mnetary  values  for  changes i n  accident leve ls  and their consequences. 
A c m n  a2proach in   p rac t i ce  is the  rmsurement of those social costs 
which would be avoided if accidents are prevented or reduced.  In 
benefit-cost  applications such cost reductions have been u t i l i s ed  by 
govermnt   agencies  as masures of the  benefits  from improved safety.  

If  mnetary  valuation of accident bene f i t s  is considered t o  be not 
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possible,  cost-ef fect iveness  analysis of road safety measures is of ten  
used to determine programe p r i o r i t i e s ,  i n  terns of accident  reduction 
per unit of cost. However, Lawson suggests that it is still necessary 
t o  a t t a c h  different  relative importance t o  accident   severi t ies  
( f a t a l i t i e s ,   i n ju r i e s  and property darmge involvemnt) i n  order   to  
colrpare safety  prcgramEs which affect these sever i t ies  i n  dif ferent  

measures of the social cas t s  of accidents i n  the  evaluation of safety 
proportions. me pap??? t h e n  examines the appropriateness of the  use of 

p r o g r m s ,   i d e n t i f y i n g  s m  mjor objections  to such use, and f i n a l l y ,  
defines a limited h i s  for  the use of accident costs i n  the Qnadian 
context. 

Accident  Costs as Measures o f  Benef i ts  from Szfety  Improvement6: 

Lawson notes that the analyst needs t o  how how nuch  of its 
resources society would be w i l l i n g  to   g ive  up to   ob ta in   sa fe ty  
iwrovemnts ,  whilst  recognising  other competing demnds. Such values 
need t o  be s t a t ed   i n  money term, ccnpatible  with  other  prices and 
costs. Usually t h i s  is achieved by adjust ing  mrket   pr ices  to corrected 
social values, but it is evident that no simple mrket   for   sa fe ty   ex is t s  
to guide this  assessnent.  Sorre f a i r l y  obvious components of accident 
costs have mnetary values,  including  vehicle damage, m d i c a l  a r e ,  and 
by extension it is often  reasoned that i f  a l l  social losses associated 
with  accidents can be ident i f ied and masured, then the social value of 
t h e i r  avoidance c a n  be revealed. It can then be inferred that a 
rat ional   society  wuld be wi l l i ng   t o  pay a~t least the amunt of the 
accident losses incurred t o  avoid accidents. Hence there has been nuch 
research i n t o  masures of the sccial costs of accidents. Lawson cites 

XHTSA (1972) and Fkigin (1976) and the Australian study of Troy and 
twelve  accident cost studies  including  the tw o f f i c i a l  U.S. s tud ie s ,  

Wltlin (1971). €i? notes that typically  they  begin by l i s t i n g  mteriaZ 

mrgency  se rv ices ,  lost productive  effort ,  legal and court costs, 
losses ( i . e  vehicle and property d m g e ,   h e a l t h  c a r e ,  police and 

administration of insurance and cunpensation). Non-monetary accident 

recognised as social e f f ec t s  which present great d i f f i c u l t y   i n  their 
losses, such as  pain,  suffering or m n t a l  anguish of vict im,  etc. are 

measurmnt  . 
Lost Income: 
ident i f icat ion of "lost productive  effort". b e  issue is the  question 

A mjor debate exists i n  t h e  literature over 

whether the swial loss, e.g.  resulting frm a fatal   accident,   should 
include net production ( i . e .  only that contribution  enjoyed by others)  
or whether it should  include the f u l l   m u n t  of the foregone p d u c t i o n  

that t h i s  d e b t e  has keen resolved by Mishan (1971) who  reasons that 
( i . e .  gross in- taking no account of c o n s q t i o n ) .  Lawson concludes 

only  t h e  gross income concept is correct since t h i s  concept is 
consistent with a society incZuding the  potential  victim (since it 
includes h i s  c o n s q t i o n ) ,  while t h e  net i n m  concept  excludes  the 
potential victim. k w m n  notes that several  mjor studies ,  inc luding  
Reynolds (1956) and Dawson (1967) in  the U.K.and Troy and E u t l i n  (1971) 

However Iawson also raises the problem of the  potent ia l   offset t ing of 
i n  Australia,  use the "incorrect" ne t  i n c m  production  concept. 

by equivalent skills (or, f m  an increase i n  population), which m y  
any lost productive  effort   result ing  fran  accidents by t h e i r  replacement 
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cancel  out  the  accident losses. Acceptance of t h i s  view seem t o  
involve the error ci ted by Mishan (op.cit.  ) ,  m l y  that  the n o m 1  
economic and social adjustmnt  processes which occur a f t e r  a road 
accident  result ing  in loss of life or impa imnt  of earning  capacity 
(and hence, an a b s o l u t e   f a l l   i n  ex ante welfare) are not relevant i n  
"kfore the event"  valuations of accident avoidance. 

IntangibZe  Losses: hht ident i f icat ion and wasuremnt problem arise 

which have no direct   mrket  valuation,  including the services of 
f r m  intangible accident losses. These are defined as  those e f fec t s  

housewives,  family and  ccmnunity services  rendered by a n  accident 
victim, and especially  the  value of pain and suffering (which lawson 
considers "a truly  intangible cost" i n  the sense  that we wish to avoid 
than and "would be wi l l i ng  t o  pay t o  do so even i f   accidents  

attertpted to include an e s t i m t e d  mnetary value  for pain and suffer ing,  
involved...[no] mterial losses". Various  accident cost s tudies  have 

only t o  provide m i n i m  values. Iawson notes that the later NHTSA 
including Lhwson (1967) and NHTSA (1972),  although  these latter intended 

pain and suffering. €k considers that the "apparent  confusion of 
estimates for  the U.S.A. i n  1975 abandoned the 1972 attempt to value 

concepts and imprecision i n  masuremat" i n  sure of the mjor s tudies  of 
accident costs has reduced the  usefulness of such estimtes. For 

b i l l ion  contrast with the National Safety  Council (N.S.C.) estimte of 
example, the NHTSA (1972) estimtes for the U.S.A. i n  1971 of $4.6 

$15.8 bi l l ion.  Tne difference is m i n l y  due t o   t h e  N.S.C. exclusion of 
h t h  "non-rmnetary" losses of accident   vict im and t h e i r   c o n s q t i o n  
expenditure f r m  lost earnings. In response t o   t h e  criticism of such 
s tudies   that  measurement of accident costs is "heartless or imnoral and 
t h a t   h m n   l i f e  has infinite  value",  Iawson notes the counter argument 
that implicit values for  death and injury are always  involved in   publ ic  

prograrnres are rejected on grounds of cost or e f f o r t  - where estimtion 
dec is ions   to  improve safety:  t h i s  is m t  apparent i f  any safety 

of @?licit values  should  lead t o  more rat ional  assessnent  of safety 
p r o g r m s .  Lawson ar r ives  a t  the  conclusion  that estimtes of mterial 

economic loss of accidents. 
losses due to   acc idents  are only partial estitmtes of the social and 

Recent  Theories of the Value of Safety Improvements: 
Iawson points to a mre fundamental object ion  to   the use of accident 
costs in  the  evaluation of s a f e t y   p r o g r m s :  namely that such 
estimtes are not  consistent  with  the  theoretical economic requirements 
of benef i tcos t   ana lys i s .  Mishan (1971) is c i ted  as pointing  out that 
the lmasure of "kKllingness t o  pay" (e.g. for road safety)  i n  benefit  
cost analysis is that of compensating variation, which need not agree 
with an accounting of costs imposed by accidents. lhus estimtes of the 
mnetary  value of accident costs m y  not represent  the social value of 
avoiding  these  accidents. This is especially true for  intangibles like 
pain,   gr ief ,  and suffering.  Schelling [1968]  argued that such cost 
calculations as discounted l i f e t i m   e a r n i n g s  are only r e l evan t  to 

new job e t c ) ,  and do not  indicate willingness t o  pay for  reducing t h e  
ordinary mrket place  decisions  (e.g.  involving consumption, saving, a 

probability of death or injury.  

There is also the  question of whose valuations  should be sought. 
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Schelling here d e s  the important dis t inct ion between "statistical 
death" and the  deaths of individuals:  the relevant inpact  to be 
masured  in  social evaluation of accidents is the  change i n  risk of 
death or in jury   to  a l l  members of soc ie ty .  'herefore, it is necessary 
t o  identify the "population a t  r isk"  and find  out their aggregate 
valuations. Such a calculation will go f a r  beyond those  directly 
affected. 

recognises the var iab i l i ty  of the  value of safety to   individuals  - which 
The value of reduction in  r i sk  approach advocated by Schelling 

is overlodred in   t he  loss-accounting approach.  Society my  be more 
adverse to saw risks than others,  and this should be re f lec ted   in  
d i f fe r ing  wil l ingness   to  pay t o  reduce  differing risks. Wle l l ing  
suggests that t h i s  is a rational  approach, and does not a r i s e  s imply 
Prcm lnisperception or ignorance as  often  regarded by the  analyst. Such 
preferences  are  apparent f r a n  casual observations of individual 
behaviour i n  re la t ion to  road safety which suggest  broad  differences i n  
r i sk  aversion  (e.& a higher perception of r i sk  as a passenger  rather 
than  a s  driver).  

I t  is d i f f i cu l t   t o   de r ive  reliable values of risk-reduction 
d i rec t ly  fran individuals. Such a process is subjective and of ten 
unsystmatic ,  but it is poss ib le   to   in fer  coltectioe  values  of   ri6k 
reduction f ran  past public  decisions on safety  expenditure.   Wney (UK, 
1978) svggests that such collective  values  fran past decisions  could be 
used for  future  safety  planning but Lawson disagrees,  arguing tha t  these 
inferred  values  for collective risk reduction are highly  unreliable, 
variable and inconsistent..  .and could also "conpound" earlier e r ro r s  i n  
publ ic   r isk assessnent. D r @ z e  (1%2), Schelling, and LMishan however are 
optimistic that individual  valuations of risk  reduction can be 
successfully  obtained  through  careful  developent of direct  questioning 
procedures. Wshan (1971) states t h a t  there is mre t o  be sa id   fo r  

economically irrelevant  concepts , h t  Lawson notes that such techniques 
rough estjumtes of the precise concept than  precise  estimates of 

respondent and the  analyst and no sustained success has so f a r  been 
i n  practice  are  often  extremely ohcure and d m n d i n g  of both the 

r e ~ p r t e d   i n  the literature. However, he concedes tha t  - "the  concept 
that the  appropriate  value of a safety improverrent is the  value which 

persuasive". . .and has received scm masure of acceptance i n  recent 
the  population  at   risk places on the reiuct ion i n  r i sk  is e x t r m l y  

planners. However,  he eqhasises that no mthcd of sys t emt i ca l ly  
economic l i t e r a tu re ,  though it is vi r tua l ly  unknown m n g  safe ty  

revealing these values has  so f a r  been sa t i s f ac to r i ly  developed. 

The Appropriate Rote f o r  Accident  Cost Measures i n  Zz f e t y   Progrme  
Evaluation 

Lawson pcses the question - can a conceptual  relationship be 
established between the ccmnonly-used accounting sunrj of accident costs 
and the  "true"  values which would be placed on risk reduction? And i n  
par t icu lar ,  are these measurable accident  costs m i n i m  e s t i m t e s  of 
appropriate  values of safety  inprovemnts? 



80 

I t  is possible t o  reason that mterial accident losses i n  part 
&tennine w h a t  individuals  wuld pay for  risk  reduction, and that such 

Following Mishan (1Y71), it is pmsib le  to  separate the   r i sks  
losses provide minimum estimtes of the  values of risk  reduction. 

into  "direct"   r isks ,  borne by the  individual, and "indirect" risks borne 
by others. Also it is feasible   to   def ine another dixension which 
separates r i sk  of mterial or"financia1" loss and emotional or "psychic" 
lOSS. 

r i sk  of m t e r i a t  loss at its mthetmtical expectation and the 
I t  can be argued that an informed rational  individual will value 

at risk - and their dependents. Such a valuation is equivalent to  
aggregation of such  valuations can  be obtained by measuring across  those 

mterial losses avoided.  'Ihus mterial accident losses avoided can be 
argued to   represent  part ial ,  and therefore minimm, estimtes of the 
values which wuld be placed on reduced risks. Qnley (1976) reached 
t h i s  sam conclusion by mre f o m l  econmic  analysis. 

emotional loss ,  remins completely obscure. Iawson concludes tha t  "no 
But the  value to society of the other conponent of reduced r i sk ,  

guidance can be provided on its likely  mgnitude", . . .moreover the  t rue 
value is also l ikely to vary  with the nature of the r i sk .  It is no t  
considered possible therefore   to   a r r ive  a t  an average  value  of,emtional 
losses per accident  or  casualty which is defensibly a minimum. 

Schelling (1968), Jones-Lee (1969), and Jaksch (1Y75), i n  which 
Iawson a l so  cites support  for a minimm estimate approach i n  

estimates of mterial accident losses avoided m y  be used as mininnun 
estimates of the  benefits  from safety  improvemnts. k t  t h e i r  
usefulness  in economic evaluations is severely  limited. For example, i n  
benefit cost analysis,  minimun estimtes of benefits  can be used to  
demonstrate the acceptabili ty of a programrre  on econanic  grounds were 
minimun benefits exceed  programw costs. However, they cannot 
demonstrate  unacceptabitity, because i f  mininun total benefits  do not 
exceed t o t a l  costs, then a judgetmnt is required of the unmeasured 
intangible  benefits  to es tab l i sh  whether  they are suf f ic ien t  to lead t o  
overall  acceptance of the programne. 

will not  provide at  present  the  definit ive guidance on programne 
Iawson reaches the important  conclusion  that  benefitsost  analysis 

acceptabili ty which was hoped fo r ,  nor therefore can it determine  the 

* In re la t ion to t h i s  issue, D. Qllard, i n  a review of Pearce (ed.) 
(1978) i n  the Economic J o u m t ,  June 1979 sa id  "...perhaps  well-being 

my best friend and gaining conswner durables ...[ i.e.1 r q ~  u t i l i t y  is not 
rea l ly  is mlt i4imensiona1,  and there  is no 'trade-ff' between los ing  

a func t ion  of friendship, goods,  and w state of health...[but] my 
'well-being' is a s e t  consisting of the  friendships I have, ... t h e  

do not  trade-ff  against one another. C h  t h i s  view, attempts to put a 
' u t i l i t y '  I derive f m  goods, and nly state of health. These affect   but 

mnetary  value on the nonmne ta ry   e l emnt s  of the set are misconceived, 
and alternative  techniques [e.g. interviews,  surveys,  etc.]  should be 
encouraged, " 
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jus t i f i ab le  size of the s a f e t y  budget. Iawson also considers that t h e  
use of l imited  "feasible"  benefitsost   analyses t o  determine p r i o r i t i e s  
m n g  prcgrarmEs can be strongly  challenged, becam i f  the value  of 
risk  reduction does vary between the  carponents of a road safety 
prcgramne (;.e. owing to differing  r isk  aversions),  the m i n i m  
measurable risk will ref lec t   d i f fe r ing  proportions of true benefi ts   for  

Joksch (1975) noted that  the  proportion of "true  benefits" measured will 
each conponent and my  lead  to   incorrect   se lect ion of p r io r i t i e s .  

vary with accident  severity. Iawson argues that the minimun measurable 
r isk  character  of ex is t ing  cost estirrates d e s  bene f i t sos t   ana lys i s  a 
we& decision  cri terion and he notes  errors of other studies i n  f a i l i n g  
to  recognise the existence of masured benefits.  

For example, Iawson cites the 1972 U.S. mto r   veh ic l e   s a fe ty  
standards i n  which the implication was given tha t  i t  would be 
'uneconomic' t o  spend mre on safety than the  values of masured 

uses a def ini t ion of economic as purely mterial which is qu i t e  
accident losses: t h i s  concept of "mxirmm economic b n e f i t "  c lear ly  

inappropriate.  Social  evaluations rmst be per fomd  us ing  social 
benefits  and costs which extend beyond the mterial to  al l  f o r m  of 
sa t i s fac t ion  and dissat isfact ions.  

But i t  is noted the "of f ic ia l"  estinates of accident costs i n  boll 

the U.S.A. and the U.K. recognise  that these  values can only be used as 
minirmm e s t h t e s  of p r o g r m  benefits ,  and both ncxv m n i s e  the 
t h e o r e t i c a l   a r g m n t s  i n  favour of valuing reductions i n  r i s k  rather 
than avoided  accident  tosses. 

For example in  the U.S.A. (NHTSA 1972) "we have not  quantified a l l  

i t  is unwise t o  spend mre [ t o  avoid  an  accident]  than the amunts 
losses associated  with ... a highway accident...we are not arguing that  

Proceedings of the fourth I.C.A.S. 1975, p.158). "me fac t  that [ the 
calculated", and for the U.K. (see U.S. Depar tmnt  of Transportation, 

benefi t  calculation  reaches  the  conclusion that the  input costs of a 
f a t a l i t y   f i gu re ]  is a m i n i m  f igure rmst be borne i n  mind  when a cost 

proposed policy  cannot be ju s t i f i ed  by the  expected c a s u a l t y  savings". 

have argued reasonably that inprecise mininun e s t h t e s  are use fu l   i f  
'Ihus i n  the United States  and i n  Britian,  accident cost e s t h t o r s  

they can allow at least some p r o g r m s   t o  be demonstrated  effective  in 
economic t e rn  but  administrative  judgmnt m t  be exercised i n  
decision-ng i f  the benefit-cost  calculation  does not  damnstrate  
posit ive measured benefits .  

r e t a i n  f a i t h  i n  the a b i l i t y  of cost-benefit ana lys i s   to  determine 
Both the U.S. and U.K. agencies i n  their past practice appear t o  

programr? p r io r i t i e s .  Lawson considers that h i s  present  assessnent 
denies   this   capaci ty   to  benefit-t analysis  using  conventional 
e s t h t e s ,  and i f   the  prcgrms being carpared impact d i f fe ren t  t y p e s  
of r i sk  or different  severities of accidents, then the  calculated cost 
benef i t   capar i sons  w i l l  not correct ly   indicate   pr ior i t ies .  These 
argum?nts also apply  equally  to  the  application  of cost-ef fect iveness  
analysis  techniques to s a f e t y   p r o g r m s .  
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@&,-effectiveness is recognised as a second-best a l te rna t ive  t o  
b e n e f i t s o s t  analysis a s ,  a decision to31 i n  road safety  planning  since 
no guidance as to the absolute  acceptability of safety p r x r m s  
( r e l a t i v e   t o  other use of resources) is given,  but t he   i n t en t ion  is  that 
pr ior i t ies  among p r o g r m s  are  suggested by t h e i r  re la t ive  r a t i s  of 
accident  casualty  reductions  to cost (v ide  U.S. 1976 Nationat Highmy 
Safety Needs Report). 

which costs are compared: Iawson notes that this is an inportant 
Cbst-effectiveness can only  consider one physical  objective  against 

qual i f icat ion,   s ince it necessarily  ignores  other programw benefits. 

dif ferent   object ives  and therefore it is necessary t o  undertake,  for 
.4lso, casualty  accidents  of dif fer ing  Severi t ies  represent  effectively,  

example, a cost-effectiveness  study of f a t a l i t i e s   a lone ;  or, "average 
injuries",  alone; or the various  severit ies mst be weighted and 
canbined in to  a ccmposite effectiveness nwdsure, as for example the U.S. 
Departmat of Transportation has a weighting of one f a t a l i t y   fo r  30 

re levant   ra t ios  i n  the NHTSA reports). 
in jur ies  "for reference  purposes" (which is approximtely equal t o   t h e  

I a w s o n  further  notes that these partial cost e s t a t e s  for t h e  
various  accident  severities will not  provide "correct" weightings  unless 

severi ty .  Ile d e s  note that i f  the percentage of m a s u r e d  costs rises 
the proportion of total costs which are masured is the s a  for  each 

as severity  increases, s m  indication  of appropriate r e l a t i v e  
weightings can be gained from relative  masured costs, e.g. fo r  U.S.A. 

measured costs are higher  for a fa ta l i ty   than  an  injury)  then 1:30 is a 
i f  the r a t i o  of measured cos ts  of i n j u r i e s   t o   f a t a l i t i e s  is 1:30 (and 

t e rn  of injur ies .  
l m r  bound e s t a t e  of the  "true"  equivalent weight of a f a t a l i t y   i n  

Iawson concludes..."that  the  role of meas~res of accident losses i n  

material accident losses are minimurn estfimrtes of social values of 
evaluation of safety progrms is very limited [but] measures of 

reductions i n  road accident  risks...and can be used t o   r e c m n d  
progrm acceptabili ty when benefi ts  exceed costs by a su i tab le  
rrargin". 

However, he also considers that to date there has been no success 
i n  masuring the non-mter ia l ,   emt iona l  component of the benefi ts  f r o m  

measured benefits  is not su f f i c i en t  t o   r e c m n d  a p m g r m  as 
reducing  accident  risks, and therefore a n  excess of p r o g r m  costs over 

unacceptable,  except where such progrms address the same type of risk 
and the i r  impacts have similar severi ty   dis t r ibut ions.  Also, the next 
best procedure, cost effectiveness  analysis,  cannot  avoid these 
limitations.  
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"? JAPAN RESEARCH CENTLIE: FOH TRANSFGKC POLICY (1978) Social  Losses  from 
Road Accidents T r a f f i c   5 f e t y  Research FYoject (pp.55). 

?he Japan Research Centre  for  Transport  Policy (JRCTP) published 
estirnates of the "social lasses'' a r i s i n g  from road  accidents i n  Japan 
for  the year  lW4. For that   year ,  Japan  recorded 

2,317,522 
647,404 
15,448 

vehicle  accidents  involving 
in ju r i e s  and 
f a t a l i t i e s .  

Definit ion of Social  Losses 

!he JEiCP reprt defines  "objective social losses" fran road 
accidents a s  the  consmption of "objective social resources"  including 

existence of subjective  social  tosses, such as g r i e f ,  pain etc., but 
scarce m n p e r ,  vehicles and services. !he report  recognises the 

excludes  thm frcm the estimates. The cust e s t h t e s  consist  of l o s t  
income, medical costs,  vehicle danurge, and a range  of other  costs 

services and t raff ic   congest ion) .  llle results of t h i s  study are 
including insurance administration,  police, ambulance and jud ic i a l  

slnvrarised i n  lhble 35 (Yen values are converted to   Austral ian  dol lars) .  

TAELE 35 

ESTIMATED  SOCIAL LOSSES FROM ROAD ACCIDENTS: 

Cost  Item  Total  Cost 
L 

Lost Net Income: 
F a t a l i t i e s  

Work time 369 
430 Earning  capacity 
603 

I- 

Medical : 

Other  Costs: 
Vehicle Damage: 

Insurance Admin.  
Ambulance 
Pol i c e  
Jud ic i a l  
T ra f f i c   de l ay  

1,402  34.3 

1,372 33.5 
554 13.5 

164  18.7 , 
Total : A$4,092 100% 

JAPAN 1974* 

Average Cost 
A$ 

39 ,020   pe r   f a t a l i t y  

i n g  capac i ty  
per di  sabi 1 i t y ,  
injury 

470 per  injury 
310 per vehic le  

9.440 reduced  earn- 

170 per   vehic le  
330 p e r   a c c i d e n t  

t 
A8930 per veh ic l e  

($1,766  per   accident)  I 
.i Y e n   v a l u e s   a r e  conver ted  t o  $ A  a t  t h e  1 3 7 4  r a t e  of  Y 3 9 9 = A $ l  

/ I  

The JKCTP report notes the  diff icul ty  of a n p a r i n g  the value of 
humin l i f e  and that of a vehicle on the  san~ dollar  scale. ?he use of 
these estirrrates i n  guiding  accident progrms is apparently 
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envisaged.. ."However, the necessity of quantitative  analysis Of t h e  
d m g e  caused by traffic accidents  cannot be denied...when mnY 
accidents are occurring and ~ ~ ~ a s u r e s  should be urgently  taken to deal  
with the situation".  

The report also separates  subjective frcm objective  values and 

e tc .  caused by death and injury are conpensated fo r  by monetary 
deals only with the latter . . ."subjective losses such as grief ,   pain 

compensation, at least p a r t i a l l y   i n  the real world, h t  such losses are 
not treated i n  t h i s  report". 

The rrajor significance of t h i s  report is seen as the establishment 
of an appropriate  accident cast estimation  mthodology  for  Japan. 

DisCU66iOn of Methodology 

are available i n  Japan for  casualty  accidents. kst infonmtion  about 
Official statistics of road accidents,   casualt ies and fatalities 

in jur ies ,  dical treatnvent and property darmge resul t ing frcm traffic 
accidents  in Japan is derived from insurance records. Some insurance 

property d m g e   l i a b i l i t y  and f a t a l i t y  or injury is voluntary. 
(e.g. "automobile l i a b i l i t y  insurance") is conpulsory , insurance of 

S t a t i s t i c s  frcm both sources were available for the JRCTP study. 

Details of the t o t a l  nmber of accident casualties and fatalities 
were available by sex and age  groups. However, no d i rec t  data on 
casual t ies  classified by sex, age and severity of injury was avai lable ,  
and the JRCTP repxt derived detailed estimtes of severe  injur ies  (with 
permnent disabilities) according to 14 classes of sever i ty   min ly  from 
insurance data. These detai led breakdowns of accident  victims form the 
basis of estimtes of lost incow and related accident losses. 

Lost Income of  Accident  Victims: 

l i )  Fatal i t ies:  

In the case of a f a t a l i t y  or ser ious  injury,  which impairs 
earning  ability,the  expected  future i n m  which is foregone as 
a result of the  accident is considered t o  be a sociat toss, or 
cost .  However, the JRCI'P report consider that for fatalities 
only 60% of such future  incaw represents a social loss, s i n c e  
the resources represented by the individual 's  consumption are 

of Reynolds (1956) and Lhwson (1967) . The JRCP report a l s o  
saved: th i s  is the net  income concept  used i n  the U.K. studies 

evaluation of housewives' labor, and it is a s s w  i n  th i s  
notes.. ."There seem to  be no established practice as to the 

report that they  earn i n c m  similar to  those earned by fenale 
wage earners of the same ages." 
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me report   calculates lost i n m  of f a t a l i t i e s  a s  shown i n  
Table 36. 

TABLE 36 

t 

(Yean) 

15-19 
0-14 

20-29 
33-39 
40-49 
50-59 
60-69 
70* 

T o t a l  

f 
1 
L 

i 

ESTIMATED  LOST INCMU: ACCIDENT  FATALITIES - JPPAN 1974 

Percentage i n  
Enployrent 

Male Female 
Z * 

I 

35.1 
83.6 

35.1 
80.7 

93.6 90.2 
93.8  90.7 
92.5 
80.4 

e6 .O 
57.9 

Hal e Femle 
AS AS 

851 754 
3.295 2,252 
5,339  2,648 
5.981 2,810 
5,678 2.570 
3,240 1.443 

I Total  Lost Incone of 
Fa ta l i t i es ‘  

b l  e 
As 

Female 
AS 

28,768 
64,402 

26.499 

66.889 33,504 
33.953 

61,573 28.865 
46,989 21,472 
26,621 11,964 
15,446 6.877 

+ 
45,551 17,728 

lhe l i f e  expectancy of accident v i c t i m  based on Japan Life 
Tables ranged frm 72 t o  76 years  for mles, and 77 t o  80 for 
f amles .  The JKLTP report used a method (the “Hoffman mthod”)  
of calculating  the  present  value of expected future n e t  incane 
f o r   m i n i n g  years of l i f e  expectancy at  the time of accident 
(children up to 14 years are asswed to cost $502 p.a. ; and a n  
allawance is a l so   mde   fo r  unemployment i n  the 15-19 years age 
group). 

Total losses from fatalities i n  1974 were calculated at: 

N m k r  Value 
Am 

Males 11,823 538.5 
Femles - 3,625 ~ 64.3 

T o t a l  15,448 602.8 __ 
and the  average i n c a  loss per f a t a l i t y  w a s  $39,020. 
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l i i )  Injured  Victims  with Pemnmt  Disabi l i t i es  

I n m  losses for those  with s a  p e m n e n t   d i s a b i l i t y  were: 

Inwme Nmkr Average 
I n m  

IUSS 

kles 309.7 29,040 10,663 
Ferales - 120.5 16,544 __ 7,286 

Loss 

$n 

430.2 45,584 9,437 

earning  capacity  varied d i rec t ly  with the percentages of the 14 
In these calculations,  it w a s  assuned that future income 

grades of d i sab i l i t y  (e.g. classes 1-3: 100%; 4-7 from 9% to  
56%; etc., of i n c m  lost). ?herefore  those  estirrates take 
i n t o  account the  range of actual   injury  severi ty  i n  1979. 

(iii) Lost Work Time: 

lhese calculations  rely on insurance statistics which provided 
de ta i l s  of the number of days of E d i c a l  treatrrent by age and 
sex  (e .g .   for   those  with  pemnent   disabi l i t ies ,   th is  averaged 
70.5 days). lhee tim losses were m l t i p l i e d  by (a)  the 
workforce par t ic ipat ion rate (as i n  Table 2 ) ,  and (b) by the 
average income for  each age group, t o   a r r i v e  at  the   fo l lming  
estirrate: 

Value of Lost Number o$ Average 
Qst 

$ 
Males 293.0 321,657 911 
Fermles - 75.8 114,775 660 

845 

Work Time Persons 
$n 

- 
368.8 436,432 - - 

* representing 68.7%, 64.O%,and 67.4% of the  actual  nmber o f  
m l e ,  female and total  injured  persons  after  applying  the 
f a c t o r  f o r  workforce  participation. 

l i V )  Medical Costs 

Public and pr ivate  insurance statistics, after  adjustment,  
provided  data on t o t a l  medical costs and length of treatment of 
accident  victims. 

Nmber of in ju r i e s :  647,404 
Average cost of treatment: $722 

To ta l  medical costs: $467.5 mill ion 

( V )  Attendant  Costs  (medical-related) 

These costs were also  derived from insurance records: 
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Average ”Attendant” costs $120 
No of in ju r i e s  647,404 

To ta l  : $77.7 million - 
( v i )  Propertg Damage 

me JRCTP study  ignored minor vehicle danage, and u t i l i s ed  
adjusted  insurance claim statistics to provide  the  following 
estirrates: 

Vehicle m’operty Darrage: 1974 
Number of  Average 
Accidents 

Total 
Costs Costs 

2,093,516 
(ve%?icZe t o  

A$ 
544 

A3n 
1,138.3 

224,006 348 78.0 
(one car accidents) 

133,676  28 3 .8  
(cycies e tc .  1 1,220.1 

vehicZel 

Indirect  Costs of Traffic  Accidents 

( v i i )  Ambulance Services 

recorded statistics shm that 20.4% of ambulance usage is f o r  
I n  Japan these services are min ly  run by the Fire Eirigade: 

t raff ic   accidents .  mis pmportion of t o t a l  service expenses 
(including wages, depreciation,  operation and mintenance 
expenses)  provided a cost es tkra te  of $24.1 mill ion.  

( v i i )  Police 

490,452 were casualty or f a t a l i t y  accidents, and 665,891 were 
In 1974, p l i c e  attended 1,156,343 t ra f f ic   acc idents  of which 

property4arrage-anly  accidents. Ektimted average  time per 
casualty  accident was 17.6 hours, and 4.1 hours for   vehicle  
darrage, yielding an e s t i m t e d  total police cost (@ $4.08 per 
hour) o€ $49.6 million. 

?he reprt allocated 10% of to ta l   jud ic ia l   cos t s  to  t r a f f i c  
accidents: $22.9 million. 

I X )  Insurance  Administration 



Based on the  operating expenses of (conplsory)  autanobile 
insurance and voluntary  insurance, an estimte of $654.3 
mi l l ion  w a s  arrived at. 

( x i )  T ra f f i c  Congestion 

lhe costs of t r a f f i c  congestion are defined as the extra t.im 
and fuel  used  as a result of accidents. The JRCI'F report 
a r b i t r a r i l y  selected a n  estirnate of 10 minutes  delay per annm 
at  $1.50 per hour, giving an annual estimte o f :  

25 x lo6 (vehicles) x 1.8 (persons/vehicle)  x 10 mins/vehicle 
x  (150/60) $ rninutes = $12.5 million. 
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SHERWIN, M.A. (1977) "Rad Accident Costs" i n  The C o s t  o f  Road 
Accidents:  Papers and Report  from  a Workshop on Cost o f  Road Accidents, 
March 1977, Wellington, New Zealand ( k t i o n a l  Roads Board, 1978). pp.5- 
32. 

Summrry 

This paper is a s m r y  of a report on "me FLonomics of Road Pccidents" 
to the RDad Research U n i t  of the National Roads  Board of New Zealand. 
Tne study includes a review of l i t e r a t u r e  on the  estimation of rcad 
accident  casts, an assesswnt  of  concepts and application, a n  appraisal  
of E e w  Zealand data resources, and saw generalised  estimates of  road 
accident casts fo r  Kew Zealand. Total  accident casts for New Zealand i n  
1975 were estirrrated at between $ 1 G h  t o  $17h.  of which property d m g e  
represented 4% at  $70 million; medical and hospital  costs ranged 
between W. and $lFm., and the foregone income o f  f a t a l i t i e s  w a s  S n  
million  (in  1973). 

Discussion of I s sues  

probability  events which result frcxn a divers i ty  of causes, rraking the 
Sherwin adopts  the  perspective that road accidents are very lm' 

t a sk  of preventing them di f f i cu l t .  H e  notes that accident  estimation 
methodologies c a n  be categorised as macroscopic - involving  the 

of survey and insurance s t a t i s t i c s   t o   de r ive   unava i l ab le   e s t imtes .  me 
application of aggregate  data t o  form cost estimates,  including  the use 

microscopic apprcach  (e.g. Troy and Butlin,[1971])  involves a de ta i led  
examination of a22 accidents i n  a given  region. 

Sow f ive  cost   categories  are recognised: 

( i l  Property Damage: is min ly  confined to   t he   r epa i r  casts of 
darraged vehicles.  Since  only  injury  accidents are o f f i c i a l ly  
recorded,  survey  data and s tudies  i n  other countries  are used 
t o  estimte that 320,000 vehicles were d m g e d  i n  1975 

property damge o n t y ) ,  with an average repir cost of $225. 
(assuning that approximately 85% to 9096 of a l l  accidents  are 

(ii) Loss of Output Due t o  Fata l i t i e s :  is recognised as a masure 
of social loss, subject to  sm controversy i n  m u r e m e n t .  
Sherwin notes that three  concepts are available:  the "implicit 
value" approach (based upon previous   po l i t i ca l   dec is ions   abut  
safety  levels);   the  "insurance  principle" based on t h e  
individual ' s  willingness t o  pay for s m  specified  reduction i n  
r i sk  of death; and the discounted  future  earnings  approach. 

present value Ethod,  using the "life rrodel" basis i n  Paterson 
Sherwin reccgnises  certain  l imitations,  but adopts the th i rd  or 

(1973) i n  which Gross Yational  Eipenditure is taken as the 
measure of national productivity,  averaged  over  the  productive 
age group (defined as a l l  mles nnd famles between 20 and 64 
years).  Education  expenditure is allocated t o  the 0-19 years 
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age group, and both flm are discounted t o  a present  value 

public  projects by the N.Z. Treasury). Unlike the Paterson 
figure  using a discount rate of ll% p.a. (as reconmended for 

these  incaw  flows, to  avoid  the  ahsvrdities of negative  values 
study, %emin does not deduct  average  annual consumption  frcm 

do not attempt to   put  a valuation upon h m n   l i f e ,  but ( a f t e r  
for children and the aged, and emphasises that these estimtes 

Paterson op.cit .  p.28)  "simply indicate  the average 
contribution of an individual i n  a m n e r  which is logica l ly  
consistent with national accounting  concepts." 

However, it is noted that   the  critical factors  influencing  the 
mgnitude of estimates of the  present  value of future  output 
are the discount rate selected and the treatmnt of  consunption 
expenditures. For the 843 road f a t a l i t i e s  i n  1973, the present 
value  (in 1973) of foregone i n c e  was $27.1 million, or a 
weighted  average  of $32,100. The age-specific present  value 
estimtes c s €  lost inc- range frcm $37,000 at age 3 ,  t o  a 
rmximum of $82,000 at age 25, to zero a t  age 65. 
The lost work capacity due t o  in jury   d i sabi l i t i es  should be 
based on a similar approach t o  that of f a t a l i t i e s ,   b u t  
appropriate  data on lost work t ime,   disabi l i t ies  and their 
duration was not adequate. Therefore  only  the  injury cost 
resu l t s  of "microscopic" s tudies  were considered t o  provide 
sa t i s fac tory  estimtes. 

Medical and Hospital costs were noted as comprising a 
surprisingly smll par t  of t o t a l  accident costs. Nevertheless, 
the  available data scurces were noted as very def ic ient  for 
this purpose. 

Incidental  costs (including emergency services,  insurance, 
administration,  legal and court   costs etc.), with the  possible 
exception of insurance  administration ($2lrn) consist  of a large 
numkr of re la t ive ly  mall cos ts   for  which data is d i f f i c u l t   t o  
obtain and for which the estimation error of the mjor cost 
conpnents   my exceed the total fo r  t h i s  item. 

Subjective  elements: it is generally  accepted  that  pain, 
suffering and grief are real costs - despite the dollar 
valuation problem - since it is clear that society would be 
willing to expend real resources t o  avoid  the  consequences  of 

quantification does not  yet seem possible, and mt avai lable  
accidents - in jur ies  and f a t a l i t i e s .  But unique and acceptable 

estimates are -what arbi t rary.  

Conclusion 

Sllerwin notes  that it is relatively  easy to  derive aggregate 
accident cost e s t a t e s ,  but  points  both to  the  conceptual  problem  and 

often are represented by highly skewed distributions.  'Ihus the use of 
to  the dominant characteristic of accident statistics - n e l y  that they 

simple cost averages is often  maningless,  and thus  l imits   the  
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usefulness of aggregate  accident cost data i n  the decision-king 
process. 

Shenuin considers that there is a need to   ident i fy  those fac tors  
which determine cost mgnitudes and s e n s i t i v i t y   t o  changes. lhere is 
also a need to separate accident casts according t o  a standardised 
c lass i f ica t ion  of accident types (e.9. a f t e r  Troy and Eut l in ' s  seven-way 
c lass i f ica t ion) .  
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FAIGIN, B.M. (1976) 1975 Societal  Cost6 of Motor VehicZe Accidents 
United S t a t e s   k p a r b w n t  of Transportation, 
National Highway Traffic  Safety  Administration, 
Washington D.C. bp.35) 

S u m r y  

i n  1975 for  the United States of h r i c a ,  and is a revision and up- 
This report presents  estimates of the societal costs of accidents 

dating of the N.H.T.S.A. report fo r  1971 (WSA: 1972). The report 
estirrates that total societal costs of road accidents  in the U.S.A. f o r  
1975 were: 

Number Total Average 
Societal  

Cost 
m m  

Cost 
US$ b i l l i o n  m 

Fata l i t i e s :  46,800 
In juries:  4,000,000 
Property Darrage 
(only) : 21,900,000 

13.44 287,200 
12.75 3,200 

11.40 520 

Total $37.59 b i l l i o n  

me concept of societal loss employed is defined as a decrease i n  

economic welfare  in  the  inclusion of qua l i ta t ive  as well as quant i ta t ive 
c m i t y  and individual  welfare: it goes beyond the  concept  of 

masures of accident  effects.  'he report also  recognises that adequate 
quantification of al l  accident e f f ec t s  is not  possible. 

The estimates presented are mainly seen  as indicators mgnitude of 

analyses is considered t o  provide  only part of the criteria needed i n  
t h e  road accident problem, and their   use i n  specific  benefit-cost  

accident prograrrme evaluation. 

Two cost concepts are embodied i n  t h e   s t u d y ,   n m l y  fi) current 

production and consumption avai lable   to   society.  Sorre losses are 
resources consumed as a result of accidents,  and ( i i l  the  loss of 

ex terna l   to  the individual. Much e f f o r t  i n  t h i s  report is devoted t o  
incurred by individuals and f i r m ,   o t h e r s  are incurred by the comrmnity 

the  estirration of accident  costs by a range of injury  severi ty  classes 
(The Abbreviated  Injury  Scale: AIS, see Bble 38). 

Cetails of the  conceptual basis and the  mthod of calculation  of 
each cast item, are out l ined  in   the report. Faigin  notes that only a 
s l igh t  improvemnt in   t he  cost data base available had occurred between 

increase the   r e l i ab i l i t y  of the component estinates. 
1971 and 1975, and that m c h  inprovemnt  in basic data was needed t o  

U.S. does  not  yet  support a continuing cost recording  system which 
In  reviewing  the need for   fur ther  research, Fgigin notes that the 

covers   fa ta l i ty ,   in jury and property  damge casts, and it is necessary 
to seek the results of s tud ies  of accident components. Improvemnts i n  
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accident  recording  consistent with tie generally accepted Abbreviated 
Injury  Scale (AIS) c lass i f ica t ion  are a l so  needed. 

U.S. Cost  Estirmtes 

'Ihe principal  f indings of the B i g i n  study covering a detailed 
range of average societal costs i n  1975 p r  f a t a l i t y  and i n j u r y  by 
.bbreviated  Injury  Scale (AIS) l eve l ,  and vehicle for property darrage 
onty accidents,  are  contained i n  ?\able 37. 

TABLE 37 

NHTSR U . S . R .  (FRIGIN) 1975  (7% DISCOUNT RATE) $US 
A V E R A G E  ACCIDENT COSTS B Y  INJURY L E V E L  

COST C A T E G O R Y  
! 

6 5 
INJ 

2 Family.  Community 

2 7 5  I 5 , 7 5 0  3 Hospital 
4 O t h e r   M e d i c a l  e t c .  

211.820*~126.650 '  1 M a r k e t   E a r n i n g s  
64 ,470 ' :  3 7 . 4 9 5 .  

290  1 5 . 5 2 0  
5 R e h a b i l i t a t i o n  
6 Legal  & C o u r t  

0 ' 6 .075  
i I 
1 2 , 1 9 0  I 1 , 6 4 5  

7 I n s u r a n c e  Adnlnlstration 295 I 2 9 5  
8 Acc iden t   Inves t iga t ion  80 j B O  
9 L o s s e s  t o  O t h e r s  3 , 6 8 5   4 , 1 8 0  
1 0   V e h i c l e   O a n a g e  
1 1   T r a f f i c  Oelrv  

I SEVERITY 
4 1 3  

5 5 , 5 5 0 '  

770 1 . 0 9 0  
3 , 0 4 0  , 0 
2.1 60 I 5 2 5  

1.095 2 . 2 5 0  
4 2 5  16,660' 

1 , 6 4 5  

2 8 5  240 
70 45 

260  
3,960 , 2 , 9 2 0  

1 . 8 3 0  

310 20 ' 0 

1 6 5  5 5  
0 

0 

I40  150 

0 
0 0 

7 
220 52 30 

35 2 8  
130 I 32 ~ 

6 
0 

1 . 8 6 5   1 , 5 9 5 1   3 1 5  

450 j 45 

60 i 1 6 0  i 160  I 1 6 0 1   1 6 0  
I I I I , 

TOTAL 2 . 1 9 2 /  5 1 8  4 . 3 5 0  8.085  86 .955  287.175 192.240 

These costs are classified  according to the Abbreviated Injury Scale 
(AIS) developed j o i n t l y   i n  1971 by the Amsrican Mica1 Association, t h e  
Society of Autcmotive Ehgineers, and the Pmerican Association  of 

accident research. The  AIS has since gained wide acceptance i n  U.S. 
A u t m t i v e   W i c i n e  i n  response to   t he  needs of rmlt idiscipl inary 

accident research. 

The 1976 revision of the AIS c lass i f ica t ion  is sham i n  lhble 38 

Faigin  notes that in  1976 there were few direct AIS accident cost 

to AIS classes. 
records i n  use, and it was necessary to allocate most exis t ing cost data 
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TABLE 38 

ABBREVIATED INJURY SCALE* 

A.I .S.  
Code 

I n j u r y   S e v e r i t y  

1 
Moderate 2 
Minor 

3 

C r i t i c a l   ( s u r v i v a l   u n c e r t a i n )  5 

S e v e r e   ( l i f e - t h r e a t e n i n g :  4 
S e v e r e   ( n o t   l i f e - t h r e a t e n i n g )  

s u r v i v a l   p r o b a b l e )  

6 F a t a l   ( s e v e r i t y   c u r r e n t l y  
u n t r e a t a b l e )  

* 1 9 7 6  R e v i s i o n  

Di6CU66iOn O f  Cost COV&ClOne?lt6 

lhe largest   uni t  cost itens i n  the  1975 estimates are those of foregone 
market earmings, also  referred to as  "production losses". lhe concept 

ki l led or disabled i n  road accidents is a direct loss to the social 
adopted is that future  potential  production and consunption of persons 

welfare of the mmunity.  The best proxy masure of this  loss is 
average mrket compensation (earnings)  for the mrket portion, and the 
value of outside employment contr ibut ion  to  both the family and the 
ccmnunity. These tw components are shown separately. For market 
earn ings ,   h ig in  collected average income data,  classified by age and 
Sex. 

These average i n m  f igures  were applied both t o  those accident 
casualties i n  the workforce ("mrket employed") and others including 
e.g.  housewives  ("non-market employed") i n  accordance with the principle 
that such  non-mrketed work should be valued at  its opportunity cost. 
Because the age and s e x  dis t r ibu t ion  of accident fatalities and in ju r i e s  
differs s ignif icant ly  f r an  the overall   population  distributions (e.g. 
73% of fatalities were mles i n  1975), a weighted average  value of lost 
i n c m  is calculated  for each es t imt ion   year ,  and casualty group. 

The rwthcd of estimation of lost i n m  for fatalities is s m r i s e d  as 
f o l l m s :  assum pmduction+arnings starts at age 20 and ends at  age 
65;  incremnt  age and sex - specific average incMne levels  by 3% per 
annm t o  allow fo r  long-term productivity  increase;  for the  median age 

stream of i n c m  fran age at  time of accident to age 65 (since  average 
i n  each group calculate the discounted  present  value of the projected 

l i f e  expectancy  exceeds 65 i n  a l l  cases) using a discount rate of 7% per 
annum. lhese calculations were repeated for each age  group (zero inccme 



95 

average total was then  calculated, based on the proportion i n  each age 
w&s irrputed for ages 0-19, and  for those over 65 years),  and a weightcd- 

group. 

For non-fatal  injuries, a detai led review and a s s e s m e n t  of wdical and 
cost informtion on t h e  e f fec ts  of impairnent by AIS injury  severity 
class w a s  undertaken. me resultant  production losses adopted by Fa ig in  
are swrrarised  in Table 39. 

TABLE 39 

SUMMARY OF LOST INCOME:  NON-FATAL I N J U R I E S  1975 

A . I . S .  Level  
Lost Uork p e r  day ( 1 9 7 3 )  

Value o f  L o s t  Mean Income Mean 1975  Loss  
income 1975 

$ Days $ $ 
~ ~~ 

9 . 0 3 6   1 . 6  40 56 
2 ( M o d e r a t e )   9 . 2 7 4  2 1  4 2  86 5 
3 ( S e v e r e  - I )  9,523 39 

! -  
1 , 6 4 5  

4 ( S e v e r e  - 1 1 )  ( 1 9 3 , 1 2 0 )   2 5 %   1 2 6 , 6 5 0  
5 ( C r i t i c a l )   ( 1 9 3 , 1 2 0 )   5 7 %   2 1 1 , 8 2 0  

p . ~ . o f  incame' X Impairment '  
- 

Losses t o  Others assume an opportunity cost concept, based on tiw spent 
by o the r s   i n   v i s i t i ng   pa t i en t s ,  care etc. lhese were generally assessed 
as a proportion of mrke t  losses as i n  the NHTSA (1972) report. 

Legal and Court  Costs were based on the concept  of  resources c o n s m d  i n  
response to  accidents,  including  both  public and private legal  
actions. kcause such data are not c lass i f ied  by injury  severi ty ,  
Faigin  assigned  levels of legal action from estirmtes based on accident 
details. Accident  investigation  costs were a v a i l a b l e   f r m  a separate 
s tudy .  

Vehicle damage costs  are a m j o r  ccnponent of societal costs, and are 
a s s d  t o  be a direct  social loss masured by the cost of repairs. 
Using samples of insurance records, and o f f i c i a l  statistics, estimates 
WE compiled for each AIS category. 

Property damage only accidents ccoprise nearly 9G% of a l l  accidents: 
using o f f i c i a l  estimtes of the number of these accidents, costs were 
apportioned by AIS category. 

Traffic deZay  costs  r e s u l t i n g   f r m  accidents were ccnputed by  assigning 
accident numbers and characteristics t o  peak ccmrmter t ra f f ic   f lows ,  and 
conputing lost time per accident. 
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Pain and suffering costs  are considered  conceptually to be a val id  loss 
i n  well-being for the  individual and for  society,   but no su i tab le  basis 
for est imting  the  mgnitude of pain and suffering has yet been devised 
in the view of b i g i n ,  and i t  is excluded frorn the estimtes as a non- 
quantif ied  cost .  ?he use of court dam3ge.s awards as a proxy fo r  t h e  
sccietal value of pain and suffering w a s  considered to be inadequate 
without  further research. 

Sens i t i v i t y  of Results t o  Discount h t e  

vahle of future social costs and benefits  has keen the subject of saw 
The choice of an appropriate  discount rate for estimating the present 

controversy. h i g i n   s e l e c t e d  % p.a. for  the main unit  cost estimtes 
shown i n  Bble 1, but also calculated a second set of  average casts a t  

has the  effect  of reducing the t o t a l  accident  cost estimates from $37.6 
10% p.a.  discount rate, shown i n  Table 40. 'he use of this   higher  rate 

b i l l i o n   t o  $32.8 b i l l i o n   i n  1975. 

TABLE 40 

U.S.A. 1975 NHTSA (FAIGIN) (10% Oircount  Rate) $ 
A V E R A G E  A C C I D E N T  COSTS BY INJURY L E V E L  

COST CATEGORY A . I .  

6 

1 Market Earnings 

1 1  T r a f f i c  Oelay 
IO Vehic l e  Damage 

3.685 9 Losses  t o  Others 
80 8 A c c i d e n t   I n v e s t i g a t i o n  

295 7 Insurance  Administration 
2 , 1 9 0  6 Legal & Court 

0 5 R e h a b i l l t a t i o n  
290 4 Other  Medical e t c .  
275 3 Hospltal  

44.780. 2 Family, Community 
145.670' 

3.990 
80 

TOTAL 201,335 1 
I 

Source: T a b l e  5 7  I p . 3 0 )  i n  F d g i n  
* Discounted a t  10% per annun 

INJUR' 

5 
__ 
- 
82,250' 
24.675' 

5 .750 
5 ,520  
6,075 
1 .645  

295 
80 

4 ,180  
3,990 

60 - 
34.520 - 

S E V E R I T Y  

2 .160  
3.040 I 0 

525 

1 , 0 9 0  
285 

710 

70 
240 

45 
1 .830  260 
3.960  2 .920 

~ 

2 
- 

86 5 
310 
450 
1 6 5  

0 

220 
150 

35 
130 
865 
160 
- 
4.350 
- 

- 
1 
- 

66 
20 
45 
55  

140 
0 

52 
28 
32 

595 
160 
- 
2.193 
- 

r 
Iroperty 
D8mage 
Only 

0 
0 
0 
0 
0 
7 

30 
6 
0 

315 
160 

518 - 
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PATERSON, JOHN (1973) A Revia,  o f  the  Cost of Road Accidents i n  
Rela t ion   to  Road sa fe t y ,  John Paterson 
Urban System Pty.Ltd., Report No. NR/23 

Cuvermnt  Publishing Service, Canberra, 
for the Department of Transport,  Australian 

pp.122 + ( x i i ) .  

This  report  contains an estjllrate of road accident costs i n  
Australia  for 1969 of $480 million  conprised of vehicle damage, 
medical/hospital costs, lost i n c m  of f a t a l i t i e s ,  and other costs 
associated with road accidents  (police, legal and court and insurance 
administration costs). !he Paterson  study f r m d  its cost estimates i n  
strict national  accounting  terms,  including the use of lost incomcs net 
of consunption fo r  fatalities, and drew extensively on the earlier work 

methods. lhese esthates are sunnrarised i n  the following  table, 
of Troy and Ehtlin (1971) both for cost concepts and e s t i m t i o n  

TABLE 41 

P o t d i t i e c  

199.7  

475,000 collisions  involving 900 ,ooO d w e d  vehicles,  and reported 
The cost estimtes in  %able 41 are b e d  on 1969 estimates of 

statistics of 62,596  easuality  accidents, 87,864 persons injured and 
3,502 f a t a l i t i e s .  

The Paterson  study used ind irec t  methods t o  estimte the cost of 
co l l i s ions   i n  Australia for 1969. These cost estimtes are dis t r ibuted 
by State and by accident  type. I t  is noted that m t  attempts t o  
masure national accident costs have re l ied  on indirect  data  sources, 
such as insurance statistics, rredical cost estirrates,  and legal  awards 
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direc t  cost data was preferred, and the report has therefore dram 
etc . ,  which have provided  appropriate estimation ratios. me use of 

heavily on the work of Troy and Butlin (1971) to derive the various 
estimation ratios ,which  the Paterson rewrt applied to published 
amident  data. I t  is noted that o f f i c i a l  statistics generally  record 
onl;. accidents  involving casualties. Troy and B u t l i n  (1971) found that  
about 90% of a l l  collisions i n  the Australian  atpital  Territory did  not 
involve  personal  injury, and are not  therefore  included i n  national 
statistics. 

TABLE 4% 

ESTIMATED TOTAL NUMBER OF COLLISIONS:  AUSTRALIA 1969 

Casualty  Accidents 
(by type) 

Between vehicles   33,744 
Overturned  9,639 
Pedes t r ian   co l l i s ion   10 ,002  
Fixed Object   8 ,236 
Other 975 

I 

Ratio o f  total  
col2isions  to 

Estimated T o t a l  
C O I t i E i O n E :  1969 

0.227  277,612 
4.067  39,202 

" 

Total  62,596 474,887  (7.5865) 

Source: from Tab2es 8 and 9 i n  Paterson (1973) .  The ratios are  derived 
fromTrogand Butlin (1971) Table 7.1; and the  classif ication o f  
casuaZty accidents from re-arrangement of official  accident 
s tat is t ics .  

1.323 I 13,233 
16.722 

7,118 7.301 
137,722 

Paterson study are shown i n  Table 42. Tne resul tant  uni t  accident costs 
The principal ratios used t o  derive  accident cost estimates i n  the 

i n  1969 are sham by accident  type i n  mble  43. 
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T A M 3  43 

Casualty Accident Repair Costs 
( t y p e )  (per  accident) 

Coll is ions between vehicles  

440 TOTAL 
i 440 Other 

337 Fixed ob jec t  
96 Pedes t r ian   co l l i s ion  

5 18 Overturned or l e f t  road 
46 3 

i 
1 

271 
497 

1227 
412 
390 
390 

E6ti1Mte6 of  the Cost of Fatal Accidents: 

'he Faterson  study used a different  concept t o  that of Troy and 
Butlin t o  estimate the costs of fatalities. 'he latter distinguished 
between the  ex  ante, or before the  event,  perception of accident costs, 
and the ex  post ,  or a f t e r  the event  concept, and adopted a case by case 
approach for each f a t a l i t y   i n  the A.C.T. study. 

which envisages periods of withdrawl and addition to  the  income- 
The Paterson report develops a model of the average economic person 

expenditure flow of the camuni ty  a t  various  phases  of a person 's  
l i fe .  mis approach assms that f r a n  birth to  age 19 years, the 
individual rrakes derrands in   excess  of  average  consunption when society 
(and/or  family) pay for  education which is also regarded as a n  
investment  leading t o  f u t u r e   i n m - e a r n i n g   c a p a c i t y .  From 19 to  65 

over 65 years group is considered to rrake a n e t  'withdrawal f m n  the 
years, the individual &es a net  productive  contribution, while the 

national i n c m  stream. ?he Paterson  study also averages the household 
i n c m s  of mle and femrle in- earners,  and attributes t h i s  average 

higher in- t o  housewives  than inputed housekeeping wage rates, but 
i n m  to a l l  accident  victims. m u  it i n   e f f e c t   a t t r i b u t e s  a somewhat 

the net  e f f ec t  is to  bias lost i n m  estimtes downward, because it 
does not allow for the e f f e c t s  of t h e  sex dis t r ibu t ion  of mad accident 
casualties (which are mle dominated), 
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T H E  ECONOMIC L I F E   C Y C L E   O F  T H E  A V E R A G E  PERSON: 1 9 6 9  

1869 Population 

Age Number 
( ' 000) 

0-19 
20-64 

4,651 
6,615 

65 + 1,030 

T O T A L  12,296 

Average Educational G . N . E .  

per  capita per   capi ta  20-64 yrs 
Consumption Investment per capi ta  

$ p.a. $ p.a. 

r 
t 
L 

NET 
Contribution 

per  capi ta  
t o  Economy 

$ p . a .  

+ Z  ,796 
-1,846 

- 1  ,567 

(+  674) 

Source:  Chapter 1 of Paterson (1973)  espec. Table 1 6 .  

The basis of the Faterson report calculation is outlined i n  Table 
43: using  Australian National I n m  figures, consuption  (exclusive of 
education  expenditure) is averaged  over the total   population; 
eclucational  expenditure is imputed to the 0 t o  19 years age grcup 
only;  and all  productive  contributions are averaged  over the 20 t o  64 
years age group. These "contribution" and "withdrawl" rates are 
averaged  over the total population i n  each age group,  not the workforce. 

By discounting these "net contribution rates" over the l i f e  
expectancy of each age group i n  the population,  the  Rterson  study 
arr ives  at  the  range of values of l o s t  net econmic  contri tutions of 
accident fatalities as contained i n  Table 45. 

TABU3 45 

L E T  EMNOnlC VALUE OF FATALITIES NET OF FUTURE CONSUWTION 
(AT 5% DISCOUNT RATE) 

Gmup Representative 
Age of Fatality 

age 

0-4 3 
5-6 6 
7-16 

19 
1 1  

21-29 
11-20 

40-49 
50-59 
60+ 68 

Totals 

Unit Y a l e  
( a t  5% p .a .  
discount 
Rate) 

Non-Pedestrian 
% in A s e  Value 
Gmup 

X i n  Age 
Gmup 

Pedestrian 

6.435 
540 

44,863 
18,427 

46.817 
41,141 
31.427 
14.752 

.12,100 

0 . 4  
1.9  10.2 

8.1 
25.7 

21.6  9.690.4 
1,492.6 

23.6  11.055.9 
12.7 
9 .7  

5,224.9 
3.M8.4 

9.3 
12.0  -1.452.0 

1.371.9 

8.7  47.0 
4 . 6  
9 .0  

296.0 
1,658.4 

5.2 
3.4 

2.436.0 
1.525.3 

5.8 
10.5 

2.386.2 

12.7 
3.299.8 

39.8 -4.815.8 
1 d73 .5  
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'he report  argues that the  values of a b l e  45 "are logica l ly  
conpatible with data published i n  the Australian Wtional  Accounts and 
can be used as proportions or r a t i o s   t o  National Account Statistics." 
(op.cit .  p.28). 

The discount rate selected of 5% p.a. was lower than both the 
prevailing long-term bond rate (of about 5.9%) and the social tim 
preference rate. I t  thus had the  effect  of increasing  these  estitnates 
of the  present value of lost earnings of f a t a l i t i e s .  ?his w&s o f f s e t   t o  
sctre extent  both by the u s e  of i n m  leve ls  averaged  over  the 
population rather than tie workforce (see Wble 44), and the use of a 
net  i n m  concept exclusive of wnsunption. 

f a t a l i t y  costs, to t a l l i ng  $326.2 million, or a b u t  68% of the  estimated 
The three cost components of vehicle  damge, in jury  costs, and 

total accident costs, were allocated by f ive  classes of col l is ion  type 
as s h m  i n  Wble 46. 
TABLE 46 

r COSTS ALLOCATED BY A C C I D E N T  T Y F E :  1 9 6 9  

Tgpe of 
coi  i ision 

T c t a l  Number Veh.)cie  Repair Injury F a t a l i t y  
Costs costs costs  

Sm Sm Sm Sm 

Between 
72hicies 
Overturned or 

277,612 

39,202 l e f t  road 

128.5 

20 .3  

i 
14.1  185.2 

6 .7   21 .4  

Pedestrian 13,233  1 .3  12 .o 

326.2 474,887  199.7  37.9  88.4 Totai:  

7,118  3 .1   0 .4   1 .4  Other 1 6 * 0  I 5 .1  
137,722  46.4  4.7 Fixed  Object 

20.4 
i 

7 * 1  i 67.1 

I I 

soun?e: f r o m  Tabie 18 ( p . 2 3 )  of Paterson (19731 ,  which a lso  al locates  
the above costs  across  States and Tery i tor ies .   This   wta i  
ezciudes $134.1 mil l ion of unalZocated costs .  
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Other Costs: 

Some 3% of total   accident costs, or $154.2 million, were not  allocated 
to collision  type. These item and the i r  basic of estirration  were: 

$ million 

Police and Court Costs:  
(based on an estimate of 
$16 per col l i s ion)  

7.676 

(ii) Insurance Overheads: 
(equivalent to X% of mtor 
vehicle comprehensive and 
third  party claims) 

59.470 

(iii) Legal  Costs: 
(assmd a s  25% of third 
party claims) 

34.291 

( iv)  ReBiduaZ Pain and Suf fer ing 52.718 
(and long-term  earnin- loss) 

Total "other" costs: $154.155 mill ion 

The estimte of Police and Court costs fran  the Troy and Butlin 
study, of $30.20 per collision, w a s  considered  too high and the  f igure 
used of $16 per col l i s ion ,  was selected judgemntally. The PoZice 
conponent, based on morpe (1970) was calculated as $7 per reported 
accident. 

Although lhorpe (1970) suggested that third  par ty  and conprehensive 
administration  represented about 33% of  insurance claim paid, the  
Paterson report considered t h i s  too high, and selected a f igure of 
20%. Troy and B u t l i n  suggested that up to 30% of th i rd  party  insurance 
payments i n   t h e  A.C.T. were for   l ega l  expenses. Because t h i s  has been 
disputed,  the  Faterson  study  adopts  the lower figure of 25% of such 
claim to represent legal  costs.  

loss: the  Paterson  stum  notes that the dis t r ibut ion of long-term 
The injury C 0 & 6  i n  lhble 46 do not include long-term earnings 

and in   the absence of d i rec t  data it is not  appropriate to  attenpt an 
losses wuld  be s ignif icant ly  skewed tmards  severe  injury  accidents,  

a l locat ion of these costs. Ihe A.C.T. estimate of Troy and W l t l i n  was 
adopted a f t e r  adjustment to  a 1969 average  value of $600 per injury.  
This results i n  an estimte of  $52.7 million, or s l igh t ly  less than  the 
al ternat ive estirrate of 45% of total third party payments cited i n  
lhorpe (1970), who did  not  consider p i n  and suffer ing  to   represent   t rue 
economic losses to   t he   cmmni ty .  

such a s  the  cost of t ra f f i c   de lays  result ing  fran road accidents,  nor 
The Paterson  study estimates do  not  include any costing of factors  

the ef fec t s  of w i n  and suffering upon family and friends of accident 
victims. 
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Average costs derived  fran  the  Paterson  report  estirmtes (as  in  Table 
4 6 )  are shwn i n  a b l e  47. 

'TABLE 47 
~~~ ~ 

AVZRACE  "ALLOCATED"  C C S T S  P E R  A C C I D E ! : T :  i . 9 6 3 *  

r 
Co 1 lision  Vehicle  Repair 
Type 

i n j u r d  Costs 
Costs ( a )  (6)  

iper  col l is ion)   (per   iper  
casualty injury) accident1 

iper  f a ta l  

accident! 

F a t a l i t y  costs 

3 $ 3 1 
I Beimeen Vehicles 463 41 8 271 30,494 
2 O v e r t m e d  or 

3 Pedestrian 98  1,200 1 ,228  8,690 , 
4 F ; m d  objec t  337 571 410 30,476 
5 Other 436 41 0 360 31 ,111 I 1 

, 

Left road 518  695  496  29,805 

I"o ta1:  420  605 431 25,243 
( 1 , 4 4 8 ) d  (1,031)d 

~~ 

* "Allocated" Cost data i s  based on Tabie 18 ,in Paterson 113731 and the 
accident   s tat is t ics  i n  Table 3 l p . 4 A  o p - c i t . ) .  

,d Note that $%is table  covers only 68% of total   accident  costs.  The yehicle 
repair  and fa ta l i ty   cos t s   are  complete, but only 42% o f  injury cos ts  were 
allocated t o  col l is ion  type:   the average total  i n j q  costs  per  casualty 
accident and  per  injury are shorn Cfl nareztheses. 

~~~ ~~~ ~ 

casualties, the approach  adopted to  foregone i n c m   f o r  f a t a l i t i e s  i n  
Although the average  injury costs are highest for  pedestrian 

the  Paterson  study (as s h m  i n  Bble 45) has resulted i n  a low 
"economic" value for  older  accident victim, and an overall  low estimte 
of "cast" f o r   f a t a l i t i e s  i n  general, and pedestrian fatalities i n  
par t icular .  

Discussion of  Paterson Cost E s t i M t e S  
Erbst of the Faterson report 1969 cast estimates  relied on unit  cast and 
other relationships  adapted  fran  the 'Boy and W l t l i n  study  of  the 
A.C.T. 'be report  suggests, however, that these 1969 total cost 

derive  corrparative cast proportions  for future cost e s t i m t i o n .  ?he 
estimates my ke carpared  with insurance and other  aggregative  data to  

report  does  not offer  rmch interpretat ion of the e f f ec t s  of its unusual 
m t h d  of va lu ing   fa ta l i t i es ,  which s igni f icant ly   d i f fe ren t ia tes   the  
overall estirrates f m  the  Boy and Butlin  study, and rrakes ccmparison 
with  other empirical studies  somewhat d i f f i c u l t .  
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me Faterson s t u m  also concluded that it was not possible t o  
provide separate 1969 estitmtes of the cost of fatal ,   casuatty,   or 
property damage accidents with then  available  data.  Official statistics 
of fatal accidents were not available,  and the Troy  and W l t l i n  study 
indicated that injury costs comprised a markedly skewed dis t r ibu t ion ,  so 
t h a t  the use of average  values w a s  res t r ic ted.  

especially  in  relation to  c ros se l a s s i f i ca t ion  of data by accident type, 
'Me Faterson  study also noted major gaps i n  existing accident da ta ,  

and a t o t a l  absence of official cost data. 'lhe potent ia l  task was 
considered so large that the use of occasional statistical sampling 
procedures to supplement o f f i c i a l  coverage was considered t o  be the most 
feasible  policy. 

Review of Literature 
The h t e r s o n  report also  contains a cmprehensive  review and an 
annotated  bibliography of accident cost l i t e r a t u r e  over the period 1953- 

and bibliography which brings the Paterson report l i s t i n g s  up to  date) .  
1972. ('lhis present  study is intended t o  provide a complementary review 
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NATIONAL HIGHWAY TKAFFIC SAFhT A13MTNISTRATION (1972) 
Societal Costs  of Motor Vehicle  Accidents,  Preliminary  Report, 
(April, 1972)  United States Departmnt of Transportation, 
IBtional Highway Traffic  Safety  Administration, ( ? M E A ) ,  
Washington D.C. (pp. 8 & 46). 

S u m r y  

Administration (NHTSA) presents estimtes of the  direct  and ind i rec t  
'Lhis preliminary  report of the U.S. k t i o n a l  Highway Traffic  Safety 

casts to   soc i e ty  of mtor vehicle  accidents i n  the U . S . A .  for  1971. ?he 
es thtes  are sased on the  pr inciple  that quantifiable losses are 
experienced by society  regardless of whether a l l  such e f fec ts  have been 
converted into  accepted  econanic  values via mrket  transactions.  

The principal  categories of social loss included  are: 

prowrty darrage; 
medical costs; 
productivity lasses; 
insurance  administration; 
losses to  others ;  

pain and suffering. 
c m n i t y  services, funeral   costs;  

The report e s t h t e s  that there w a s  a t o t a l  loss to  the U.S.A. of 
$46 b i l l i o n   i n  1971, irqlying  an average c w t   f o r  a22 accidents of about 
$1,700. However, f a t a l i t i e s  resulted in  an average societal loss of 
about $200,000 and the average cost of non-fatal  injuries was $7,300. 
The to t a l   cos t  estimtes are shown i n  Table 48. 
TABLZ 48 

I I 
A C C I D E N T  COSTS B Y  S E V E R I T Y   T Y P E :  U.S.A.  1971 

F a t a l i t y   I n j u r y   P r o p e r t y  
A c c i d e n t  Damage 

T o t a l  i 
On ly  

A v e r a g e  C o s t :  
Number o f  

$ 1 , 6 5 0  $ 2 0 0 , 7 0 0  $ 7 , 3 0 0  $300 
"~ ~ ~ ~~ 

O c c u r r e n c e s  
T o t a l  Cos t  1 8 1 1 . 0   b i l l i o n   $ 2 7 . 6   b i l l i o n   $ 7 . 4   b i l l i o n /  $46.0 b i l  

5 5 , 0 0 0  3 . 8  mi l l ion  2 4  mil l ion  

I I I 
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'Ihe corqmsition of the accident cost estimtes i n  Table 48 is 
out l ined  in  detail i n  S b l e  49. 

TABLE 49 

O i s a b i l i t y  
P a r t i a l  

36,000' 
10,800.  

1 ,600  
1,200 

0 
1 ,000  
4 , 3 0 0  

0 
1 ,300  

900 
0 

10.000 

67.100 

No Permanent 
O i s a b i l i t y  

200 

115 
50  

200 

150 
0 

800 

150 
0 

700 
0 

100 

2,465 

A V E R A G E  A C C I D E N T  COSTS B Y  INJURY L E V E L  
U . S . A .  N H T S A  1971  (7%  Discount  Rate) $ 

F a t a l i t y  

2 Farnily.Conmunity 45.900' 
3 Hospital  

425 4 Other  Medical e t c  
700 

8 Accident Investigation 
7 Insurance Aministration  4,700 

3,000 6 Legal  k Court 
0 5 R e h a b i l i t a t i o n  

I 
0 

9 Losses to   Others  2 , 5 0 0  
10 Vehicle  Damage 
1 1  Traff ic   Delay  

1,500 
0 

12 Other Costsd 10,000 

T O T A L  200.725 

d "Pain mld auffering" 
* D i e o o u n t e d  a t  7% p . o .  

Petmanent 
Oisability 

13q,OOO*, 
44.000+ 

5,000 
2 ,800  

0 
3.000 
4 ,300  

11 ,200  
0 

1.000 
0 

50.000 

2 6 0 . 3 0 0  

Property 
Damage 

Only 

0 

0 
0 

0 
0 

1 0 0  
3 

0 
25 

180 
0 
0 

308 

The Ntional Highway Traffic  Safety  Pdministration Preliminary 
Report notes the inclusion of celtain item comprising economic costs of 
accidents which are controversial, and a l so  equally controversial is the 
basis of va lua t im of scm coqmnents. As the 1972 Report states..."'Ihe 
approach taken here is that even when empirical i n f o m t i o n  on a 

made. Omitting  the component altogether  essentially asswnes a zero  cost 
component is lacking, a reasonable a p p r o x h t i o n  of costs should be 

for   tha t  item." [Italics added]. 

DisCU66iOn of Cost E s t i m t e s  

'Ihis report argues that mny of the previous  studies of economic 
losses from mtor   vehicle   accidents  have included  only  readily 
calculable  dollar costs defined  very narravly,  and that i n  r e a l i t y  such 
limited cost concepts  cover  only a mall part of the t o t a l  societal 
losses result ing frcm accidents. Because f a t a l i t y  and injury costs are 
mre d i f f i c u l t   t o  masure i n  economic terns, there is a danger tha t  road 
safety  agencies will devote a larger than  optimal amount of resources 
towards property damage countermeasures rather than fatalities and 

However, the report emphasises that they have not  attempted t o  place a 
in ju r i e s  - when th i s  does not correctly reflect society 's   preferences.  

unique  value on a h w n   l i f e :  it is not therefore suggested that it is 
u n w i s e  to spend mre than $200,000 upon avoiding a f a t a l i t y .  lhese 
estimates simply represent minimal amounts of society  should be wil l ing 
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to spend t o  reduce  accidents and not be worse off i n  econcdnic terns. I t  
is recognised that society's prcgrms to reduce pain,  suffering, and 
grief are unl ikely  to  be based solely upon economic criteria. ?he 
report notes that societal  welfare, as affected by rmd  accidents,  is a 
mre embracing concept  than the lesser measures of economic values 
emlxxlied in   nat ional  i n c a  statistics. 

me Preliminary  Report rejects the concept of the  value which an 
individual   places   upn  his  or her own l i fe  as not  relevant  to  useful 
application. 

accident components as a standard of masurerrent "...is that it does 
The principal significance of using dollar valuations of unlike 

permit sox  amount of analysis of m l t i p l e  goa ls  by providing 
mnp.rabil i ty among relatively  unlike  phenmna  (e.g.  fatalities, 
in ju r i e s ,  and property  danage)". 

The value  of  foregone  earnings is considered t o  be an appropriate 
measure of social loss without  deducting a n  e s t i m t e   f o r  consunption. 
Housewives' services have been m u t e d  a m r k e t  value equal t o  average 
femle  earnings on the opportunity cost principle.  

Earnings tosses  f o r   f a t a l i t i e s  and p e m n e n t  disablerrent  injuries were 
calculated as the present  value of future  earnings,  assuning that inccme 
w a s  earned between ages 20 and 6 5 ,  and that the median age adult 
- f a t a l i t y  had 20 years  remining ( i . e .  is aged 45). Average full-time 

respectively) were incremnted a t  3% per annm to  allow for  productivity 
i n c m s   f o r  &lt nales and f a a l e s  ($11,000 and $6,200 i n  1971, 

increases. For i n j u r i e s ,  i n f o m t i o n  on the  relationship of injury 
sever i ty   to  degree of disablement and loss of inccrre was used to  
estimate percentages of productivity loss for  three sever i ty  classes 

earnings loss (100%, 50%, 25% and  none  beyond one yea r ) .  .Age and sex 
( t o t a l ,   p a r t i a l ,  and no pemnen t   d i sab i l i t y )  and four ranges of 

dis t r ibut ions of accident   vict im were used to   ca lcu la te  weighted 
average estimtes of foregone income, with  discount rates of 5%, 7% and 

published) . 10% per annm (although  only  those results using  the 7% f igure are 

Medical and hospital cos ts  were obtained from a Department of 
Transportation  study of vehicle  insurance  conpensation and data from the  
Social Securities  Administration,  respectively. mese studies  provided 
a frequency dis t r ibut ion of Mica1 costs according to   the  four  classes 
of injury  severity,  from which average costs according to   accident  
severity were estimated. 

Legal and. court costs were based on two surveys,  although XJIE a rb i t ra ry  
allocation between injury  severi ty  classes was necessary. b with 
insurance  administration  costs a constant  proportion of property damage 
costs was assumed. 

Property damzge costs were based on three available  accident  cost 
studies, which allowed re l iab le   a l loca t ion  of property d-e costs 
between the  min  accident  categories of f a t a l ,   i n ju ry  and property 
damge  only,  but  further  distinctions between injury  severi ty  classes 
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required less reliable  approximtions.  F'amily and community losses are 
estkmted a t  25% and 5% respectively,  of foregone  inccm. 

Pain and su f fer ing  is defined as the lcss of welfare  suffered by the 
individual i n  excess of other  canpensation, and applies  both t o  
f a t a l i t i e s  and injuries. For f a t a l i t i e s ,  the NHTSA report  used data on 
jury awards fo r  pa in  and suffering as "the mst reasonable  expression we 
have of societal preference". 

similar analysis of court awards to injured  accident   vict im  led  to  an  
An average award of $9,700 was der ived   for   fa ta l i t i es ,  and a 

estin!a.te of $5 per day, which was then  applied to  the  (previously 
derived)  estimates of impairment. 

In  respect of these  valuations,  the  National Highway Traffic  Safety 
Administration  report  observes: 

"The basic  question i s  whether an estimated  value  for  pain and 
suf fer ing i s  more or less  r e a l i s t i c  than M value. Any value, 
including a zero  value i s  entirety  subjective,   but that i s  not 
t o  say that  attempts shouZd not be made to   derive a value." 
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TABLE 50 

C O S T  
C A T E G O R Y  

1.  Foregone lncome 

2. Pamily. comnitl( 
LOs'sa 

3. Hospital 

4. Medical 

5. R e h a b i l i t a t i o n   e t c .  

6. Legal a C O W t  

7.  Insurance Admin. 

6 .  Accident Invsstig.  

8 .  Losses t o  others 

10.  Vehicle Damage 

1 2 .  n-a f f i e  Delay 

TOTAL 

r - 
" 

1 

r 

AUSTRALIA 1978: PRELlMlNARI  ESTIMATES 17% Discount Ra 
LYERAGE KCIDEN1 COSTS BY lNJURY SEVERITY LEYEL 

Abbreviated  Injury  Scale (AIS) Level: l- 
t e l  

~ 

Fa t a  1 
6 

~ 

62,250* 
4 

de, 680' 

670 

310 

800 

2.200 

865 

200 

1.400 

3,000 

60 
- 
220,455 
- 

- 
5 

Criticoi 

__ 
4 

l3.220* 

17.970' 

36,000 

3,120 

3,300 

I . S 5 0  

865 

200 

I.  500 

4,000 

60 
- 
71,885 
- 

__ 
severe 

4 

s - 
0,890' 

z,z70* 

11,900 

1.730 

1,320 

1.100 

865 

IO0 

700 

3,000 

60 
- 

13,935 
- 

3 2 
Severe' Modemte 

I f 
1.210  650 

385 195 

7 ,100   1 ,900  

1,000  380 

560  235 

BOO 1 5 0  

740 610 

100 50 

120 60 

2,600 1,400 

160 I 6 0  

14,755  5,790 

- 
Minor 

1 

I 
- 

50 

I 5  

150 

75 

50 

140 

n o  
50 

1 0  

1,400 

I 6 0  - 
2,270 - 620 



C O S T  
C A T E G O R Y  

r 

1. Foregone Income 

2. PMiity, connunity 

3. mrpital 

4. kdical 

5 .  Rehabilitation etc .  

io*se* 

6. iegoz a court  

7. Insurance Adnin. 

8 .  Accident Inueetig. 

9. ios.es t o  Others 

10. Vehicle Danage 

1 2 .  P O f f i C  mioy 

TOTAL 

AUSTRALIA 1978: PRELIMINARY t S T I H A T E S  (13% Discount Ratel 
AVERAGE ACCIDENT  COSTS BY INJURY SEVERITY  LEVEL 

hbreviated i n j u r y  Scale ( A I S )  L e v e l :  

86,643* 47,920' 
s i  5 

25,990 

670 

310 

800 

2,200 

865 

230 

1 ,400  

3,000 

80  
~ 

122,155 

1 

4,380' 

36,000 

3,120 

3,300 

2,650 

865 

260 

1.500 

4,000 

50 
~ 

12.995 

~ 

bddemte 
2 

~ 

s 
650 

2 9 5  

1,900 

380 

235 

2.53 

610 

50 

6 9  

1,400 

2 60 
~ 

5,790 __ 
t 
L 

T 
~ 

M:,m 
1 

~ 

5 
50 

1s 

150 

75 

50 

140 

170 

50 

13 

1.400 

1 EO 
~ 

2,270 
~ 

TABLE 52 

S U W R Y  OF T O T A L   A C C I D E N T   C O S T S  - A U S T R A L I A  1978 
17% Discount Rate) 

620 

I I 
~ 

i 
~ Fatal i t ies  1 Injuries Property 

Damge 
Only 

Total  
i 

I Major Minor I Total 
i i 
I I I 

Im. Im . Sm.  Im. Im . 
Foregone income 
Losses to  family, 

83.4 64.3 1 19.1 601.1 

249.1 1 339.0 
17.6 , 11.2 61.1 ' 72.3 Other costs  

143.8 
322.8 471.5 

iVehicle damage i 11.1 ~ 14.0  129.7 , 143.7 

205.4 
137.1  79.6 

25.0 
19.3 j 5.7 6.6 ~ 57.5 Hospital ,mdical 

180.4 c m n i t y  

6&. 5 

I 
i 
i TOTAL 816.8  166.3 2 9 5 . 2  1,850.2 511.9  461.5 
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TABU 53 

SUMMARY OF TOTAL ACCIDENT  COSTS - AUSTRMIA 1978 
(13% Discount Ratel 

F a t a l i t i e s  
Cost Category 

In ju r i e s  
Major Total Minor 

Property 
Damage 

Only 
Total 

Foregone income 321.0 35.4 
Losses t o  family. 

54.5 13.1 

243.1 72.3  61.1 11.2 17.6 Other cos t s  
143.7 129.7 14.0 11.1 Vehicle damage 
137.1 79.6 57.5 6 . 6  Hospital ,  medical 

16.4 5.7 10.6 96.3 community 

322.8 

$m.  Im. $m. $m. In. - Im. 
375.5 

I 112.7 
143.8 
477.5 
339.0 

I - 

TOTAL 1,448.5 571.9 424.0 295.2 452.6 I 
TABLE 54 

SUMMARY OF AVERAGE ACCIDENT  COSTS - AUSTRALIA 1378 
(7% Discount Rate) 

Cost  Category lFata1ities- 

I. PER PERSON A I $ $ $ 
PKK VEKICLF 

i 12,520 

3,760 
11,220 

2,190 
2,730 

60 
860 1,400 

1,470 1,400 

260 

740 660 

IOTAL 4.720 3.180 32.420 220,450 

[I .  PER ACCIDENT 

Foregone income 1,220 300 
Losses t o  family, 

18,010  183,950 

income 55.200 5,400 90 
Medical e t c .  

370 

3,150 5,360 Other  costs 
3,400 Vehicle damage 

2.020 j 1,230  16.140 2,020 
3,930 2,010 2,110 

950 1,060 

‘OTAL 6,780 4.580  46,630 249,930 

Property 
Damage 

Only 
Total 

- 1.230 

370 
260 

510 
670 

600 
860 

- 

1,180 3,320 
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SUWRY O F  AVERAGC A C C I D E N T  COSTS - AUSTRALIA 1978 
(13% Discount  Rate) 

I 
F a t a l i t i e s  &+r-z,-' I n ' u r i e s   P r o p e r t i  Damage j ~ Total  

! Only i 
Cost Category 

$ : s i  5 s 5 S 

i 
86,640 6,890 ~ 210 569 

26,000 2,070 60 170 
1.780 
3.000 

11,220 

, 2 ,190 4,740 
2,730  1,400  1,470 

a60 ~ 1 ,400  ! 
350 ~ 

660 ~ 740 27G 

122.160  25,100 I 3 ,190 ~ 4 ,340 
! 

620 ~ 

Foregone income 

community 

Vehicle damage 
Other c o s t s  

1 Medical etc .  

t 1- 
TOTAL 

II-  PER ACCIDENT 
Foregone income 
Losses to   f ami ly  
conmunity 
Medical e t c .  
Vehicle damage 
Other   casts  

TOTAL 

300 800 I ~ 680 

1,230  2,020 
7,010  7 ,110 67 C 

95C, :,a60 

90 240 1 200 
260 
860 

5lC 600 

29.470 2,980 
2,023 16,140 
3,400 3,930 
5,380 1 3,150 

138,500 I 36,100 4,580  6,230 I 1 ,180 2,600 

TABLE 56 

1 TOTAL A C i l O E N T  COSTS 5Y C4TEGORI 4 N O  B Y  INJJRY LEVEL : AUSTRALIA 1978 
IC: Dlrcaunt Rate ( S r n ~ l l ~ o n s )  

Inlury Seyeriry Level (AIS Clarsj' 
TOTAL 

485.19 

T 5 
~ 

13.09 

3.82 

7.38 

0.64 

0.68 

?. 31 

0.18 

6. c4 

6 . 3 2  

0.02 

e. 01 

__ 
27.41 

__ 
ru tee  i 

1. Mrket  Earnings 420 .56  

2 .  Fmrily, Coma.izy , ?2E. :6 0 

li .751  27.95 ~ 45.96  10.26 0 

j 0 
L711  3.94 I 9 , H  5.13 

145.5S 

105.77 

21.75 

16.25 

3 5 . 1 5  

125.77 

5 . 3 0  

8.79 

477.58 

163.40 

1591.10 

2.48 

1-15  

2.96 

8 . 1 5  

3 . 2 0  

0 . 7 4  

5.15 

11.17 

0.30 

~ 

582.00 

5.68 
3.42 I 0 
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TABLE 57 

TOTAL ACCIOENT  COSTS BY CATEGORY AND BY lNJURl LEVEL : AUSTRRLIR 1978 
13a Discount Rate ($mil l ions)  

c o s 1  
C A T E G O R Y I  

InJury Severity Level ( A I S  c l a s s ) +  

6 P.O.O. 1 2 3 4 5 
TOTAL 

. 

1. Harket Earnings 376.66 0 3.42 15.72 4.76 21.55  10.20  321.00 

2 .  P ~ Z # .  camnmity  113.02 0 1.03 4 . 7 2  1 . 4 4  6.47  3.93 96.31 

3 .  Hospital 

183.40 147.59  10.94  3.67  0.63 0.06 0.01  0.  30 2 1 .  T m f f i c  D e l q  

477.58 322.85 95.73 33.86  10.24 2.96 0.82 11.12  10.  Vehicle Damage 

8. 73 0 0.68 1 . 4 5  0.47 0.69 0 .31  5.19 3 .  Loases to  OthOP* 

5.90 0 3.42 1.21 0.39 0 .  I O  0.04 0. 74 8 .  AEeidesnt I n v e s t i g n  

125.77 92.24 11.62  14.75 2.91 0.85 0.18 3.20 7 .  Insurance Admin. 

35.15 9 .22  9.57  3.63 3.25  1.03  0.34  8.15 6 .  Legal 6 C m t  

16.25 0 3.42 5.68 2.20 1.30 0.68  2.96 5. Rehabilitation 

21.75 0 5.13 9.1Y 3.94 1 .71  0.64 1.15 4. Other llcdical etc. 

105.77 0 10.26  45.96 27.95  11.75 7.38  2.48 

T O T A L  1450.05 571.91 155.22 140.04  58.09  48.52 23.66 452.60 

d P igum.  i n  itillic t y p e   m p m a e n t  estimatan deriusd ,%I o t h e r   a t d i e e l p r i n c i p a l l y  Poig+t , l976,for  the 0,  

Closaified b y  the   “Ajbreuia ted  I n j n  S ~ ~ Z ~ ’ I A I S J :  888 kzt.”P.D.O.” i s  .Pmp..tU w e  Onlv. 

TAELE 58 

1 
~ T H E  EFFECTS O F  A G E  G R O U P  W E I G H T I N G  O N  DISCOUNTED  INCOMES 

A U S T R A L I A  1978 I 
Group 

Present Value o f  Future Income a t   Rdian  Ages: 

Female 
weighted by 
Total I :  

f a t a l i t i e s  

1 3 9 , 4 3 2  
1 5 6 . 3 1 5  

6 0 , 9 4 1  
6 8 . 3 2 1  

9 7 . 1 6 8  

7-16  I 1 9 6 . 4 6 3  
1 2 4 . 6 3 7  

8 5 . 8 6 8  
17-20  2 5 5 , 9 8 7  
21-29  

1 5 2 . 3 5 9  

2 6 2 . 3 7 6  
1 0 7 , 4 6 8  

30-39  

2 2 4 , 7 3 1  

1 9 4 , 8 3 7  
1 7 6 , 2 3 6  
2 3 1 , 7 7 9   8 7 , 6 7 1  

4 0 - 4 9  

2 3 3 . 9 6 2   9 6 , 4 9 9  

5 0 , 5 4 2  3 7 ’ 0 6 7  1 7 . 8 7 3  1 36.371 
9 4 . 7 1 2  

60  + 

1 4 1 . 6 1 0  
5 0 - 5 9  

6 8 , 9 7 0  
75 .436  

dirmomt; 3% productivity 

weighted by population 

1 2 0 . 3 7 2  1 1 3 . 2 8 6  
1 5 0 . 5 9 5  1 4 2 . 6 9 2  
2 0 9 . 4 5 8  1 8 3 . 0 0 0  
2 0 6 , 7 8 8  1 8 0 . 2 2 5  
1 7 4 . 0 9 9  161   . 735  
1 3 0 . 0 3 7  1 2 4 . 2 6 0  

6 8 . 8 2 3  6 6 , 0 7 2  
3 4 . 6 3 6  1 ’ 33.666 

I A V E R A G E  TOTAL INCOMES 
ComDared: 

Male: 1 2 0 1 , 5 3 4  
Female: 6 6 . 1 7 8  

1 1 7 5 . 1 3 2  
6 7 , 4 9 9  

I ’  I I I 



REHAINlNG LIFETIME ADJUSTEO R O A D  ACCIDENT INJURIES 
A U S T R A L I A  137b 

i 

6 
71,656 
8 5 , 4 2 0  

1 0 9 , 8 0 3  

1 6 6 , 2 7 6  
165,130 

1 3 5 , 6 0 4  

J 
83.805 
9 8 , 5 0 8  

122.97: 
178.645 
i 7 7 , 6 0 5  
142   , 563  

1 3 8 , 0 5 7  1 ! ,125  
40.264 

~ l l i . 8 5 7  

150.045 
1:9.305 
1fi4,640 

4 5 , 6 5 6  5 1.879 
67 ,311  

127.054 
74.289 

125 .860 
1 0 9 . 2 0 1  

133.007 

B O  ,644 
114 ,075 

8 3 , 1 9 0  
3 0 . 4 O l  39,046 

9 2 , 9 9 0  98,651 

9 3 , 8 3 4  
41.597 
1 6 , 2 9 7  

97.090 , 1 0 0 . 5 0 6  7a.210 
42.334 1 3 . 3 8 9  

1 6 . 4 5 3  I 16 .604 

37 ,770  
1 5 , 4 6 8  i 

I R E M I N I N G  LIFETIMI NET lNCtwEi’): ROAD ACCIMNT INJURiES - AUSTRALIA 1978 

T Present Valw of  Lifetime Incorn less Consumtion Exwnditure  a t :  I ”  ” 3.0% 3.5: T 
! 7% 

35 3.5% 2.51: 

5 I S  
37.824 
43.189 

12.W8 
15,291 

52.482 

70.567 40,493 

23,250 

57,058 38,630 
42.224 

41,887  31.768 
21 ,764 18.767 

68.882 , 

T $ 
27.523 
32,333 
41,651 
59.91 7 
59.797 

32,217 

37,312 

46.681 
64.925 
64,105 

S 
0-4 2,691 
5-6 1,606 
7-16 

17-20 
10,500 
21.278 

21-29  21.698 
30-3¶ 10,155 
40-49 
50-59 

6,940 

6Ot 

6,150 
6.486 

17,315 
25 -580 
43.1M 
44,646 
40,447 
32,856 
19.121 
10,189 

34,720 

19.654 
28,202 
45,991 

42,397 
47.299 

33.999 
19,483 
10,282 

36.854 

51.120 i 53,973 
38,825 
20,920 
10,637 

40,316 
21.337 
10,737 

I d i t  
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TABLE G I  

L I F E T I M E  N E T  ADJUSTED I N C O M E : ( "  R O A D  A C C I D E U T  I N J U R I E S  
AUSTRALIA 1 9 7 8  

blue of Net Adjusted  Lifet ine l n m  ' I 3 1  
7% 7% 

I s $ 

I 10% I 102 . .. 3.0% 

25.979 30.460 I ~ g f 7  1 11.116 

I I I 

0-4 2,691 
5-6 1,606 
7-16 10.900 

21-29 21.698 
17-20 21.278 

40-49 6,940 
x)-39 10.155 

60 t 6.486 
50-59 6.150 

22,213 
I 

26.480 

51,193 
34,038 

51,546 
42.037 
29.089 
12.893 
5.052 

38.121 
M.537 

55,379 
55,058 
44,194 
30,098 
13.122 
5,099 

1 42,810 
35,306 

60.070 
56.932 
46.514 

I 31'157 

13,356 
5,147 

12,482 

34.675 
18,948 

32.438 
36.985 

24,246 

1 

1 1 . n ~  
4.795 

14.153 
20.866 
36,914 

33.852 
39,017 

25,m 
11.902 
4,832 

23.029 
16.082 

41.232 
35,363 
25,790 
12.103 

30.581 

AVERAGE 
NET INCOME 
per In jury  : 41,852 1 45,120 I 27,231 I 28.827 

r TOTAL ACCIOENT COSTS BY CATEGORY A N D  B Y  INJURY LEVEL : AUSTRALIA 1978 
7 %  Olscaunt Rate (bml l l ions)  - 

TOTAL 

- 
684.51 

20s. 38 

105.77 

21.75 

16.25 

35.15 

125.77 

5.90 

8.79  

477.58 

163.40 __ 
1850.26 

F the u. 
__ 

r " 

C O S T  
C A T E G O R Y 6  

1. Market Earnings 

2. F d L y .  C M - i t Y  

3. Hospital 

4 .  Other Medical etc .  

5. Rehabi l i ta t ion 

6 .  Legal B court 

7. Insurance Admin. 

8. Accident Inoestign 

9. hose&?* to othorn 

10. Vehicle Damage 

11. T r n f f i C  Delrpl 

T O T A L  

I __ 
. L O .  ___ 

0 

0 

0 

0 

0 

9.22 

92.24 

a 
0 

322.85 

147.59 __ 
571.91 
__ 
+n,1976 

__ 
6 

601.14 

180.36 

2.48  

1.15 

2.96 

~ 

8 . 1 5  

3.20 

n. 7 1  

5.29 

11.12 

0.30 __ 
816.79 - 

~ 

5 __ 
19.11 

5.73  

7.38 

0.64 

0.68 

0.34 

0.18 

0.04 

0.31 

0.82 

0.01 __ 
35.24 

ntea a# 
~ 

1.0: 

4 5 . 9 6  10.26 

3 . 6 3  9.57 

14.75 11.62 

1 . 2 1  3 . 4 2  

1.45  0.68 

33.86 95.73 

3.87 10.84  

140.04  155.22 

iesiprinCipaZly , 
I tin 

A.  J mi frrm other ai 
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TABLE 63 

APPROXIfflTE SEVERITY CLASSIFICATION 
OF VICTORIAN INJURY MTA 1977-78 

A.I .S. .  m: r 71CO) code: 
Fractured skull  .-vertebrae (with spinal 

N d e r  of Accident Cases Intcmational  Classification of Diseases 

5 "Crit ic l l" 
cord lerion).-(io  spinal cord lesion),  WU- 
tations I C D  830 .~1 .803 ,805 ,885-887 .895-897  

4 'Severe(2)' i 
3 "sevem( 1) " 4.067  (20.41) Fractured pelvis,-upper  linbs,-lmer llnbr 

2 "nodcrate" 2 . 2 a  (1l.Z) Ill-deflncd  fractures,  dislocrtlons.  spralns. 

1 "mnor" 8.457 (42.51) Lacerations c tc .  

ICD 808.810-817.820-826. 

IC0 809.818,819,827-829.83)-839,847 

IC0 871-8.34,890-894. 9W-W7.910-918.920-929. 
4,487 (22.6%) 

870.950-959 
(hal located)  I C D  850-854.807.860-862.863-869, 
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TABLE 64 

FOREGONE INCOME for 1973 FATALITIES I n  U.S.A. 
COMPARISON OF FAIGIN RESULTS WITH PRESENT STUDY ‘ I ?  

Average  Foregone  Income(2) 

Age 
Group 

Fatal i t les 
No. (%male) U.S. S k d y  

I I 

0-4 
5-9 

10-14 
15-  19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 

2000 (58.0) 
2005 (61.4) 
2120 (67.6) 
9310 (74.4) 
8725 (80.1) 
5115 (78.7) 
3505 ( 76.8) 
2740 (75 2 )  
2655 (72.4) 
2740 ( 72.8) 
2705 (70.4) 
2435 (70.0 
2340 (65.7) 

$ 
103,935 
127,100 
175.320 
201,965 
237,960 
244,155 
229,805 
213,245 
172,020 
156,720 
120,720 
79,365 
31,700 

Method :i 
present s tudy 

8 
108,505 
154,628 
166.629 
208,288 
244,839 
249.588 
240,777 
222.222 
196,602 
164,714 
130,580 
85,563 
39,857 

Overall Average d i r ec t   p roduc t iv i ty  
loss per f a t a l i t y :  I 184.110 I 196,927 

I I 

( I )  A l l  &tu except column 2 m e  f m m  Table 4 of  Faigin(1976): colwnn 2 
attempts  to reproduce  Faigin’s figures,  using  the method and parameters 
outlined i n   t h a t  docwnent ( p p .  3 - 6 ) .  

values; also mean inaomes ar% incremented by 3% p .a .  for pmduct iv i ty  in-  
crease  (see Faigin =. &. pp. 5-6) 

The dif ferences  are  relatively smZZ, and may resu l t  fmrn smlZ chrmges i n  
the time and  innome pammeters  used,  associated  with  the  rektively complex 
computatiorro involved. 

(2) A discotmt  rate o f  7% p.a. i a  used t o  convert incow e s t i m t e e   t o  1973 
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TABU 65 

1. PKIOUCTIVITY CALCULATIONS - AUSTRALIA 1967-1978 

~ i::,,n,"t A.B.S 
Year ~ ~ l ~ 7 4 / 7 5 4 0 ~ o ~  Index 

1366/67 8 0 7  
1467168 ' 231 

I 
1 5 6 ~ 6 ~  ' a57 
1969,'X ' 294 
1970171 ' 926 
1971/72 ' 939 
1972/73 . 959 
1973174 ' 996 
!974/75 
1915176 ' 1 ,306 

1 , 3 0 3  

1976177 I 1 ,017 
1977178 ~ 1 ,024  

3 ,922  
4.038 
4,164 
4,344 
4,500 
4.563 
4.660 
4,84a 
4.859 
4.889 
4.942 
4.976 

18.107 1 4 ,617 

21.425 
19 ,048  

23,634 
26.543 

5 , 4 4 1  
5 .898  

M . W Z  I 6 , 5 7 5  
34,417 
42 ,338  
52.534 I i 10,812 

8 ,748 

61,362 I 12 ,551  
I 

78.159 ~ 25,767 
70,990 j 2 4 , 3 6 5  

i 7 ~ 3 8 6  

Impl ic i t  
Pr ice  
Index 
( P . C . E . )  1974175 

per  Enployee 
Constant 

57.6  8 .~115 
59.6 7.915 
61.2  0.407 
63.7 fl .541 
67.5  
71.9 9.145 

f1.738 

76.2  
85.1 10,255 

9 , 6 9 2  

100.0  10.812 
115.5  10.867 
128.7  11.161 
140.5  11,222 

2 .  A f i t ted  exponent ia l   curve of f o n :  Y = aebr t o  the  data of Column (61 ,  (us ing  ordinary l e a s t  
squares method) ,   resul ts  i n :  

i . e .  = ln"3.036 

3 .  Al te rna t ive   ca lcu la t ionr  are: 
( I )  Average grwth i n  ~ E Z I  Incme per co+tc for   the   per iod  1966167 t o  1977178 

= 4.lE p . a .  ( Y  = 2534e '0409z; R' = 0 , 9 6 7 ) ;  and  
(using  Pata from Aurt. National  Accounts 1977-78, i n c l ,   t h e   i n p l i c i t   p r i v a t e  consumption price 

( i i )  Average  growth i n  !:IVSB Ploduat  p e p  prmon oqJIoyed f o r  the  period 1966167 t o  1177178 ( a t  con- 
index a s  d e f l a t o r )  

s t a n t  1974-75 p r i c e s ) :  = 2  291 p.a. 
( Y  - 182e "22&-; R' = 0 . 9 8 )  
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APl'hN)IX A-3 

STATISTICAL DISTRIBUTIONS FI'ITED To ACCIUENT COST FREQUENCIES 

preliminary results o f ,  t h e   f i t t i n g  of theoret ical  probabili ty 
This appendix presents a brief account of,   together with some 

dis t r ibu t ions   to  m of t h e  accident  cost  data  obtained  for  this 
study. The purpose  of this   invest igat ion is to provide a more general 
basis for  estimating  the  range and value of accident cost classes based 
on probability of occurrence. Tne potential   application of t h i s  work is 
briefly  indicated  in  alapter 3 ,  (v ide  section 3.3) and the cost 
frequency dis t r ibut ions are discussed i n  section 3.2. 

FUrpcse of probabili ty  distributions: 

lhe objectives of relat ing  accident   cost   data   to   probabi l i ty  
dis t r ibut ions are twofold: ( i )   t o   o b t a i n  a generally  useful and 
powerful  technique for s m r i s i n g  and interpreting  accident costs (For 
example the   d i s t r ibu t ions  of lmny road  accident  characterist ics 
including costs a re  known to be asymwtrical (positively skewed),  such 
tha t   the  use of smle average values nay be quite  misleading; and 
(i i)   that   the  abil i ty  to  subdivide  accident costs in to   in te rva ls  of 
knwn  probability of Occurrence is i n  i t s e l f  a useful  analytical  device, 
and in  the  present  study  my  provide a sui table  basis f o r   e s t i m t i n g  
i n j u r y   s e v e r i t y  levels  (such as the Abbreviated  Injury  Scale 
c lass i f ica t ion :  vide section 3.3 and Table 39). 

The cmulat ive  probabi l i t ies  used to  estirrate cost ranges  for 

enpir ical  cost d is t r ibu t ions   for   vehic le   dmge claim, and rredical etc. 
injury  severity  levels i n  t h i s  report were applied  directly to the 

claims paid by the  &tor  Accidents Board of Tictoria.  

Statistical Properties of the Camnr Distribution: ( v i d e  k o d  Fr Graybill 
[1963], Than [1958]) 

v i r tua l ly  unlimited a t  t h e  upper end of the range. lhese properties of 
Road accident costs have values which range between zero and are 

accident costs as statistical phenawna are consistent w i t h  several  
asymnetrical probabili ty  distributions,   notably  the g m  d i s t r i b u t i o n  
and the l og -norm1   d i s t r ibu t ion ,  which both have a zero lower bund  and 
are unlimited at the upper end of their   ranges.  In addition, b t h  
d is t r ibu t ions  are posit ively skewed (i.e. have high frequencies a t  t h e  

values) which is a lso   charac te r i s t ic  of accident costs. 
lmr  end of the  range of cost values  with a long "tail" of higher 

In t h i s  Appendix the results of g m  d i s t r i b u t i o n s  f i t t e d   t o  
s q l e s  of accident cost data are presented. These preliminary results 

approxitnation to   accident  cost frequencies. me g m  distribution  has 
suggest that the g m  distribution  appears to  provide a good 
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found wide application i n  rwteorology and hydrology  involving t h e  
prediction of floods, droughts and other  relationships based on 
cl imtological   var iables .  

The fomla  for   the  probabi l i ty   densi ty   funct ion of the g m  
dis t r ibu t ion   i s :  

(defined f o r  y ~ 0 ;  6 0; zero eZsewhere) 
Where r(y)= vr (v - 1) ; i s  the g p m a  function 
defined f o r  both integer and mn-integer  values  of  y.  

This is a two-parameter dis t r ibut ion,  where y is the shape 
parater, and B is a scale paramter. I t  is r e a d i l y   f i t t e d   t o  sample 
distribution  data by the  mthod of m n t s ,  i.e.: 

The mean 

. . . . . . . . .  - - By ; .  (2) 

and the  mriance 
2 1-1, - B y ;  (31 - . . . . . . . . . .  

'his method is not  a s  s t a t i s t i c a l l y   e f f i c i e n t  as the method of 
maximum liklihood (M.L.), and my  often  give  unacceptable  results.  The 
M.L. method yields  equations which are not readily  solved, however a 
1958 paper by 'Ihom provides a convenient w t h d  of parmeter  estimtion 
based on the M.L. approach which produces a superior f i t  to the mwnt 
method, and which has wide application i n  hydrologic and mteorological  
rmdels (vide 'than [1958]). Ihom's estimation  equations, i n  smry are :  

h 1 + I 1 + b,a /3  

Y - - ; .  . . .  ( 4 )  
4A 

where 

A = zogez - $Zog x ; . . . . .  . (51  e 

provided i n  'Ihom's paper and 6 is derived from equation (2) a b v e .  
The y paramter  is a l so  subjec t   to  a snall correction factor  

Using Than's method, g m  dis t r ibut ions were f i t t e d  to sarnple data on 
road accident costs for insurance claim for vehicle damge f m  several 
cmpanies, and mdica l  and hospital  claim paid by the hbtor Pccidents 
Board of Victoria. 

d i s t r i h t i o n  i t s e l f  (equation [ l]) ,  but with the probabili ty values 
The m i n  concern of t h i s  exercise is not with  the  f i t ted g m  

derived from the  integral  of equation (1). 'Ihe latter is a n  intractable  
expression which is usually found as a series expansion ( a s  i n  the 
present  study). I t  will be noted that for values of the y (i.e. shape) 
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parater less than  1 the  shape O P  t h e   d i s t r i b u t i o n  is exponential. For 
la rge   va lues   o f  y (e.g. Y >30),  t h e  shape of t h e  distribution appraaches 
t h a t  of t h e  n o m 1  d i s t r i b u t i o n .  

me well known chi-square  dis t r ibut ion is i n  f a c t  a special case of 
the gama d is t r ibu t ion(where  x 2 / 2  i s  a g m  variate with  y= and B=ll, 

2 

Preliminary r e s u l t s  k t h  road accident data: t h e  resu l t s  of f i t t i n g  
t h e  gamra d i s t r i b u t i o n  to several sets of road accident  cost da ta  are 
shown i n  Figures A-1, A-2 and A-3, and t h e i r   p r o p e r t i e s  ape b r i e f l y  
out l ined .  

Figure A-1 shcrws an exponent ia l   forn of the gamm d i s t r i b u t i o n   f i t t e d  t o  
1977/78 hosp i t a l   c l a ims '   da t a  of t h e  k tor  Accidents h r d  of Victoria. 

FIGURE A-1 

r 

mis cum? is exponent ia l  i n  fom because the"gamra"  parameter is 
less than 1 ( y = 0.702 and B =1901). Because of t h e  restricted range 
of the data t h i s  particular curve  does not provide a good basis for 
est inrr t ion of the   h igher   l eve ls  of hosp i t a l  ccets, and an extended 
frequency  dis t r ibut ion  range is being  prepared by the M.A.B. (for 
haspital, Mica1 and other acc ident  costs recorded by t h e  Board). 
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The histogram plottings i n  F i g r e  A-1 show the actual MAE h o s p i t a l  
d a t a   i n  $100 class i n t e r v a l s ,  and the garma d i s t r ibu t ion   cu rve  shows the 
continuous  curve which is €itted to the data by the method ind ica t ed  
above. a c e  the d i s t r i b u t i o n  of best f i t  is known, it is then possible 
to  determine the p robab i l i t y  of occurrence of any  given haspital cost 
l e v e l  (on the hor izonta l   ax is ) .   In  the present  study the accident  cost 
i n ~ t e r v a l s  were ca lcu la ted  as p robab i l i t i e s   equ iva len t  to the Abbreviated 
Injury Scale (AIS) classes (v ide:  chapter 3, sec t ion  3.3 ) .  The 
prcli.mina,ry r e s u l t s  are shown below for AIS classsos 1 to  5 :  

M.A.B. Hospital  Claims  1977/78 

A I S Cumulative  Predicted Range Actual  Values used 
Level probabi 1 i t y  of c la ims($)  in  Table 1 

( % )  
1 70.00 0 - $1545 

($1 

2 94.77 $1 545-$4460 1900 

3 98.79 $4460-$7040 71 00 

4 99.80 $7040-$10270 11 900 

5 100.00 $10270 + 36000 

150 

as the basis of Table 1 hospital cost esthtes.  
These pre l iminary   resu l t s  were based on i n c m p l e t e  data and are not  used 

Vehicle W g e  Claim: 'he range of claim sizes cons i s t en t  with the AIS 
class probabilities for vehic le  daxuge claim, is shown i n  Figure A-2. 
These results were based on Vic tor ian  data r e l a t i n g  to over 17,000 
i~nsurance claim i n  1073 involving a total paymnt  of $12.9 mi l l ion .  

A 

Vehicle Damage Claims Sample 1978 ( y  = 1 , 3 2 6  ; B = 5 6 1 )  

A I S  
Level 

Predicted Range 
o f  Claims 

Mean 
G T  r a n " x  used i n  Table 1 

Median Actual  Values 

$ $ $ 8 
0 - 900' 330 380 ( 350 PDO 

900 - 2,000 1,320  1,250  1,400 
( 1,400 AIS 1 

' 3  
4 
5 

2,000 - 2,900  2,380  2,280  2,600 
2,900 - 3,900  2,980  3,190  3,000 
3,900 + 5,160  4,330  4,000 
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G A M A  DISTRIBUTION f i t d  to :  

A  SAMPLE o f  V E H I C L E   D M A G E   C L A I M S  for 1978 * 

A m o u n t  o f  C l a i m s  ( S j  

* based on S ta t e   imurmce  .gffice of Victoriu  vehicle  insurance  claims. 

Except f o r  AIS leve l  1 (which m s  based on the  survey results o f  
Fox e t  aZ. [1979], the msan of these cost ranges is close to the actual 
estimtes i n  Table 1. lhe median value for each  range (;.e. that value 
with 5G% of cases i n  that range above and below it) is also shown for 
col;pctrison with the  mean t o  indicate  the skewed nature of the 
dis t r ibut ion.  

the g m  dis t r ibut ions as follows, where the  expression Pr [G>$900] = 
lhe AIS probabi l i t ies  (as c w l a t i v e  probabi l i t ies)  are u t i l i s e d  i n  

0.300 is interpreted as: the probabili ty of obtaining  vehicle darnage 
costs of up to $900 or greater is 30.0%. In other words the chance of 
incurring  vehicle darnage c l a i m  between 0 and $900 is (1-0.30)% = 70%. 
Using this  notation: 

Pr [G>$900]  = 0.300; i.e. 30% of claim are over $900; 70% below; 
Pr[G>$2000] = 0.052; i.e. 5.2% of  claim are over $2000; 94.8% below; 
Pr[G>$2900] = 0.012; i.e. 1.2% of claim are over $2900; 98.2% helm; 
Pr[G>$3900] = 0.002; i.e. 0.2% of c l a i m  are over $3900; 99.8% below; 

lhese four p m b b i l i t i e s  thus provide  the cust range boundaries for t h e  
estirrated  injury  severity classes, AIS levels  1 to 5. 
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A . C . T .  Vehicle  D a m a g e  Costs 1965/66 (Figure A-3): to indicate   the 
a b i l i t y  of the garrma dis t r ibu t ion  to  represent  accident costs over  time, 
the  vehicle danage cost data i n  E b l e  17 of chapter 3 drawn f r a n  t h e  
Australian  Cgpital  'krritory  accident  study by Troy and Wltlin [1971] 
was used to f i t  a gamra d is t r ibu t ion ,  and the results are shown i n  
Figure A-3. 

FIGURE A-3 

es t imted  total vehicle  damge casts of about $1.5 million i n  1965/66. 
The A.C.T. data i n  Figure A-3 relates to 3758 collisons with 

Using gamrra. dis t r ibut ion  probabi l i t ies   (as  above) t o  determine AIS class 
cost ranges, the following results were obtained. 

ACT Vehicle 
I 

AIS 
Level 

I"-- 
(PDO & 1) 

2 
3 
4 

I 

mage Claims  1965/66 (; = 2.417; ^B = 165) 

Predicted 
Range of 

Mean Claim 
based on 

Annual Cost 
Increase 

C1 aims 
$ 

1978 Sample (1966-1978) 
$ 

~ ~~ 

0 - 480 2 50 2.8% 
480 - 880 670 6.1% 
880 - 1180 1,090 7.2% 

1180 - 1530 1,090  7.2% 
1530 + 1,550 7.8% 
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the  claim si72s within  the 1965/66 dis t r ibut ion based on the 
'Ihe m n  claim sizes i n  the third c o l m  are obtained by finding 

probabi l i t ies  of the Table 1 estirrates drawn f ran  the 1978 d is t r ibu t ion  
of Figure A-2. The purpose of t h i s  ccmputation is to   inves t iga te  the 
s t a b i l i t y  of the  cast i n t e r v a l s  over t i ne :   fo r  example the implicit (%) 
growth rates between colmn 3 values and the v e h i c l e   d m g e  cost 
estimtes i n  Table 1 are shown i n  the fourth column. 'Ihese cost 
increases range  fran  about 3% t o  8% per annun over the 12 year  period 
19% t o  1978. 

k y r a e t r i c a l  properties of k c i d e n t  kta: Sreamess and Kurtosis 

A brief  outl ine and conparison is presented of the  skewness of 
accident  cost  data for the three exmples  considered i n  this Appendix. 

In a symetrical probabili ty  distribution  such as the n o m 1  
dis t r ibut ion,  mums of central tendency  such as the mean, median and 
mode, a l l  co-incide  (the mean is the  average  value,  the median divides 
the upper and lower lmlf of observed  values  (ranked i n  mgnitude) ,  and 
the  mode is the value with the  greatest  frequency). 

the &e and the  mdian  tend  to  k e  t o  the l e f t  of the  man. 
In a posit ively skewed d is t r ibu t ion ,  such as the g m  dis t r ibut ion 

and A-3 emphasizes that for dis t r ibut ions of t h i s  type (which include 
The following comparison of t h e  dis t r ibut ions i n  Figures A-1, A-2, 

accident costs), knowledge of the mean value alone (i.e. of average 
accident  costs) indicates very l i t t le about the respective accident  cost 
charac te r i s t ics  i n  each dis t r ibut ion.  

Di s t r ibu t ion  

Hospital   Costs 
(1978)  

Vehicle Damage 
(1978)  

Vehicle Damage 
(1966)  

Mean* Median Mode 
3-8" 

1307 769 m 
(34%)  (50%) ( 0 )  
744 568 183 

(38%) (50%) (84%) 

399 34 5 234 
(41%) (50%) (70%) 

Moment Coef f i c i en t s  o f : *  
Skewness Kurtosis ~ 

2 .37  11.41 

~~~ 

1 .74  7.52 

1.22  5.23 

* Percentuges for each o f  t hese   t h ree   s ta t i s t i c s  show the  vrooortion of 
costs   piate;   than  the-   tabled  value;   the moment coe f f icen ts  compare h t h  
zero  skewness and Kurtosis = 3 f o r  the normal d is t r ibu t ion   (v ide   Sp iege t  
[19661 md Thorn r19581l. 

i L  

- 
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In summry, although m h  additional  investigation is needed of the  
pred ic t ive   ab i l i ty  of gamm dis t r ibut ion models of accident costs, 
together with access to extended data series, these  preliminary results 
suggest that the use of this  statistical dis t r ibut ion my provide a 
useful basis for accident cost analysis and determination of class 
i n t e r v a l s .  
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