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Economic Cost of Traffic Accidents in 
Relation to the Highway 
BERNARD B. TWOMBLY, Traffic Engineer, Departmentof Public Works, Boston, Mass. 

The traffic accident toll in number of persons killed 
and injured has been publicized so frequently that 
many people are quite familiar with the figures and 
can even relate the details of the latest fatal accident. 
Few persons, however, have an intimate knowleefee of 
where, on a statewide basis, most of the collisions are 
occurring, what types are most frequent and what would 
be the odds, as measured in number of accidents per 
100 million vehicle-miles, of having an accident on the 
Massachusetts streets and highways. Prior to the 
1954-55 Accident Cost Study in Massachusetts which 
was conducted by the Massachusetts Department of 
Public Works and the Registry of Motor Vehicles in 
cooperation with the U. S. Bureau of Public Roads, 
the monetary cost of traffic accidents was purely con­
jectural. 

This paper shows what this Accident Cost Study has 
revealed in terms of accident rates and direct costs of 
accidents on the six highway systems in Massachusetts 
and to point out where special attention should be di­
rected in order to stem the tide of rising accident toll 
at its highest points. 

It is reasonable to expect that the conditions which 
prevail in Massachusetts are typical of those in most 
other states. 

• THE HIGHWAY NETWORK in Massachusetts can be divided into six systems whose 
total mileage in 1953 was 24, 506 mi. This mileage had increased to 26,310 by 1958. 
The breakdown in mileage and in traffic volimies on each system during 1953—the year 
on which the Accident Cost Study was based—is as follows: 

Highway Systems Miles (A) 

Average 
Traffic 

Volumes (B) 

Million 
Vehicle-
Miles (AxB) 

Federal-aid primary 
(Vehicles) 

State highways 1,516 2,657,000 4,028 
Local systems 452 3,170,000 1,433 

Federal-aid secondary 
State highways 438 991,000 434 
Local systems 1,748 894,000 1,563 

Non-Federal aid 
State highways 155 1,381,000 214 
Local systems 20,197 196,000 3,956 
Grand Total 24,506 474,000 11,628 
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It may be of interest to know what the networks of highways in Massachusetts look 
like and althoi^h map space does not permit the inclusion of all roads. Figure 1 does 
show the extent and alignment of the Federal-aid highways. Massachusetts is probably 
not imique among the states in having a high percentage of curves in its roads. As 
shown on the map the number of long straight highways is still low. This is due to the 
ground contour, the large ntmiber of cities and towns, and to connecting roadways which 
foUow alignment established many years ago. The rapidly expanding expressway sys­
tem in this state will, in the next few years, certainly be effective in increasing the 
mileage of highways with better alignment. 

GENERAL ACCIDENT EXPERIENCE 
As brought out in Dunman's paper (HRB Bull. 208), there were, in 1953, 1,239,000 

registered passenger cars and 1,858,000 licensed operators in Massachusetts. 
The vehicle-miles driven in passenger cars during 1953 on the Commonwealth's 

24,500 mi of highways totaled 11,628,000,000. 
In this same year. Accident Cost Study figures show that 131,500 passenger car 

accidents occurred which resulted in a direct cost of $50,224,000. 
Under the Massachusetts law until June 30, 1953, compulsory reporting to the 

Registrar of Motor Vehicles included only those cases involving personal injury. On 
June 30, 1953 the law was revised to include the compulsory reportii^ of accidents 
In which any person was killed or injured or in which there was damage in excess of 
$100 to any one vehicle or other property. The $ 100 limitwas raised to $200 by another 
revisioninthelawonJime25, 1956. Registry figures in 1953 show 36,113 personal-injury 
accidents reported, while in 19 54 a total of67,626 personal-injury andproperty-damage 
accidents were reported. The difference between the figures used in this paper and the 
Registry figures of reported accidents is due to the large nimiber of non-reportable 
property damage collisions. 

ACCIDENT EXPERIENCE BY HIGHWAY SYSTEMS 

Massachusetts, though densely populated in many sections, stiU has a low proportion 
of urban areas when compared with rural areas, ^proximately 15 percent of the 
8,093 sq mi in Massachusetts are classed as urban and 85 percent as rural. 

Table 1, the basic accident table, shows that 88 percent of all accidents in the state 
occur in the urban areas, whose road mileage is 6,480 of the state's 24,506 mi. This 
point is a most enlightening one when considering density of accidents on the various 
highway systems. Moreover, in the urban areas, the major trouble occurs in the 39 
cities of the Commonwealth where, according to Registry of Motor Vehicle figures in 
1953, 67 percent of the total collisions in the state occurred. 

Table 1 also furnishes a comparison of the accident e3q>erience on the state highway 
and local road systems. Without, for the moment, considering road mileage and traf­
fic volumes, the 24,562 accidents on the state highways in comparison with the 106, -
974 accidents on the local road system clearly show where the chief problem in ac­
cident reduction lies. The figures in Table 1 substantiate the conclusion that special 
attention should be focused on the urban areas in the state and on the local road systems, 
if appreciable reductions in accidents are to be effected. 

The Federal-aid systems, both primary and secondary, accounted for 47,681, or 
36 percent of the 131,536 accidents. Of the 47,681 accidents, 24,080 occurred on state 
highways and 23,601 on local roads. 

In terms of "severity" of accident the property-damage class fax outweighs the other 
two classes of accidents. Without the facts i t is difficult to realize that 97,951 "pro­
perty damage only" collisions occur in one year and that these comprise 75 percent of 
all accidents. Local systems account for 80 percent of the property-damage accidents. 



T A B L E 1 

M O T O R - V E H I C L E T R A F F I C A C C I D E N T S B Y HIGHWAY S Y S T E M AND S E V E R I T Y F O R 
P A S S E N G E R CARS R E G I S T E R E D IN MASSACHUSETTS: 1953 

Fatal Non-Fatal Property Damaee Total 
HlKhway System Rural Urban Total Rural Urban Total Rural Urban Total Rural Urban Total 

Federal-aid Fnmary system 
State highways 
Local systems 

40 33 
49 

73 
49 

1 ,903 
15 

2,249 4,152 
5,216 5,231 

4,481 8,703 13,184 
12,081 12.081 

6,424 
15 

10,985 
17,346 

17,409 
17.361 

Total 40 82 122 1, ,918 7,465 9,383 4,481 20,784 25,265 6,439 28,331 34,770 
Federal-aid secondary system 

State highways 
Local systems 

24 5 
20 

29 
20 

576 
30 

410 986 
1,514 1.544 

3,257 2,399 5,656 
4,676 4,676 

3,857 
30 

2,814 
6,210 

6,671 
6.240 

Total 24 25 49 606 1,924 2,530 3,257 7,075 10,332 3,887 9,024 12,911 
Non-Federal-aid system 

State highways 
Local systems 26 118 144 1, 

120 
,304 

120 
19.933 21,237 

90 
4,676 

272 362 
57,316 61,992 

210 
6,006 

272 
77,367 

482 
83.373 

Total 26 118 144 1, ,424 19,933 21,357 4,766 57,588 62,354 6,216 77,639 83,855 
Total Federal-aid state 

6,216 

highways 
Total Federal-aid local 

64 38 102 2, ,479 2,659 5,138 7,738 11,102 1 8,840 1 0,281 13,799 24,080 
systems 

Total Federal-aid systems 
Total state highways 
Total local systems 

64 
64 
26 

69 
107 
38 

187 

69 
171 
102 
213 

2, 
2, 
1, 

45 
524 
599 
349 

6,730 6,775 
9,389 11,913 
2,659 5,258 

26,663 28.012 

7,738 
7,828 
4,676 

16,757 16,757 45 
27,859 3 5,597 10,326 
11,374 19,202 10,491 
74.073 78. 749 6.051 

23,556 
37,355 
14,071 

100.923 

23,601 
47,681 
24,562 

106.974 
Total all systems 90 225 315 3, 948 29,322 33.270 12,504 85,447 97,951 16,542 114,994 131.536 

ACCIDENT EXPERIENCE BY fflGHWAY SYSTEMS 
(In Relation to Highway Mileage and Traffic Volumes) 

In the rate comparisons given, the efficiencies of the various systems in accident 
prevention are made evident. Tables 2 and 3 both give accident rates, Table 2 in 
accidents per mile and Table 3 in accidents per 100 million vehicle-miles. 
Table 3 is perhaps of more value because i t employs the widely accepted method of 
comparison of accident experience on highways. 

T A B L E 2 

MOTOR-VEHICLE TRAFFIC ACCIDENTS PER MILE OF HIGHWAY BY HIGHWAY SYSTEM AND 
SEVERITY FOR PASSENGER CARS REGISTERED IN MASSACHUSETTS: 1953' 

Severity of Accident 
Fatal Non-Fatal Property Damage Total 

Highway System Rural Urban Total Rural Urban Total Rural Urban Total Rural Urban Total 
Federal-ald primary system 

State highways 
Local systems 

0.03 0.08 
0.14 

0.04 
0.10 

1.70 
0.12 

5.66 
15.66 

2.73 
11.57 

4.00 21.92 
36.27 

8.69 
26.72 

5.73 
0.12 

27.67 
52.09 

11.48 
38.40 

Total 
Federal-aid secondary system 

State highways 
Local systems 

0.03 

0.06 

0.11 

0.06 
0.04 

0.06 

0.06 
0.01 

1.54 

1.60 
0.02 

10.22 

5.18 
3.38 

4.76 

2.25 
0.88 

3.61 

9.07 

28.47 

30.36 
10.46 

12.83 

12.91 
2.67 

5.20 

10.74 
0.02 

38.80 

35.62 
13.89 

17.66 

15.23 
3.56 

Total 
Non-Federal-aid system 

State highways 
Local systems 

0.01 

0.00 

0.04 

0.02 

0.02 

0.00 

0.36 

0.85 
0.08 

3.65 

3.82 

1.15 

0.77 
1.05 

1.96 

0.63 
0.31 

13.45 

19.42 
11.00 

4.72 

2.33 
3.06 

2.34 

1.48 
0.40 

17.15 

19.42 
14.84 

5.90 

3.10 
4.12 

Total 
Total Federal-aid state 

0.00 0.02 0.00 0.09 3.81 1.04 0.31 11.02 3.06 0.41 14.86 4.12 

highways 
Total Federal-aid local 

0.04 0.07 0.05 1.67 5. 58 2.62 5.23 23.32 9.64 6.95 28.98 12.32 
systems 

Total Federal-aid systems 
Total state highway 
Total local systems 

0.02 
0.03 
0.00 

0.08 
0.08 
0.07 
0.03 

0.03 
0.04 
0.04 
0.00 

0.03 
0.87 
1.60 
0.08 

8.62 
7.47 
5.42 
4.45 

3.07 
2.86 
2.49 
1.25 

2.67 
4.83 
0.28 

21.48 
22.18 
23.21 
12.36 

7.61 
8.56 
9.10 
3.51 

0.03 
3.56 
6.47 
0.36 

30.20 
29.74 
28.71 
16.84 

10.72 
11.47 
11.64 
4. 77 

Total all systems 0.005 0.03 0.01 0.21 4.52 1.35 0.69 13.18 3.99 0.91 17.74 5.3R 
Derived from Tables 1 and 4. 



MOTOR-VEaiCLE TRAFITC ACCIDENTS P E R 100 MILLION V E H I C L E - M I L E S BY HIGHWAT SYSTEM AND 
SEVERITY FOR PASSENGER CARS REGISTERED IN MASSACHUSETTS: 10S3' 

Si tverttr of Accident 

Fatal Non-Fatal Pinpc irl V DamaKe Total 

Rural Urban Total Rural Urtam Total Sural Urban Total Rural Urban Total 

Federal-aid primary systan 
State Hgtanya 
I A C A I systems 

1.88 1.73 
3.91 

1.81 
3.41 

88.50 
8.33 

118.11 
416.28 

108.07 
365.03 

810.96 457.00 
964.16 

327.30 
843.05 

303.40 
8.33 

576.94 
1.384.35 

432.17 
1.211.51 

Total 1.73 1.59 1.13 83.24 236.45 171.81 194.48 658.34 483.64 279.42 897.40 630.87 

Federal-aid aeeondard ̂ atem 
State higbways 
Local systems 

7.91 3.81 
3.49 

8.68 
1.17 

190.00 
3.93 

312.97 
189.01 

227.18 
98.78 

1,074.91 1, ,831.29 
583.77 

1,309.32 
299.16 

1,173.28 
3.93 

3,148.00 
775.38 

1,537.32 
399.23 

Total 2.25 3.68 2.45 58.90 206.43 116.69 305.82 759.12 517.37 365.07 968.14 646.56 

Non-Fedenl-ald system 
State blgbmys 
Local syBtena 1.10 7.34 3.64 

73.28 
55.48 1.241.15 

58.07 
538.83 

54.21 
198.97 3, 

566.68 
,568.68 

160.15 
1.567.09 

116.50 
155.57 

566.66 
4.817.37 

225.23 
2.107.50 

TMal 1.03 T.13 3.45 56.50 1,205.13 511.15 189.42 3, ,481.74 1,495.20 147.05 4,694.01 2,010.91 

Ttttal Federal-aid atate 
Ugliwaya 2.63 1.86 1.18 108.14 130.88 115.15 318.83 545.55 483.23 413.80 678.08 539.68 

T b U Federal-aid local 
•yatema 

Total Federal-aid By stems 
Total state highways 
Total local ayatema 

1.89 
2.46 
0.78 

3.35 
2.61 
1.81 
5.10 

2.30 
2.29 
2.18 
3.08 

4.77 
74.91 

100.33 
40.97 

327.85 
129.61 
127.65 
738.49 

126.13 
159.73 
111.44 
401.93 

815.82 
210.66 881.31 
301.88 546.03 
141.04 1.013.85 

550.31 
477.29 
410.85 

1.138.75 

4.77 
306.50 
404.58 
183.80 

1,146.83 
913.54 
675.51 

2.757.45 

787.75 
639.31 
515.17 

1.538.75 

Tbtal aU syatemB 1.52 3.91 1.70 67.06 510.58 386.11 212.47 h .487.84 841.37 381.08 2.001.33 1.131.20 

' Denvedtmm TaUea 1 and 5. 

Table 2 does indicate frequency of accidents. It shows that the average number of 
accidents per mile per year on the state highways is 11.6 as compared with 4.7 on 
local roads. On these two systems their respective mileages were 2,109 and 22,397. 
Thus the frequency of accidents on the state highways is more than double that on the 
local roads, but the state highways constitute only 9 percent of the road mileage in the 
state. 

TABLE 4 
MILEAGE BY fflGHWAY SYSTEM IN MASSACHUSETTS: 1953 

Highwav System Rural Urban Total 

Federal-aid primary system 
State highways 
Local systems 

1,119 
119 

397 
333 

1,516 
452 

Total 1,238 730 1,968 

Federal-aid secondary system 
State highways 
l^.al systems 

359 
1.301 

79 
447 

438 
1,748 

Total 1,660 526 2,186 

Non-Federal-aid system 
State highways 
Local svstems 

141 
14.987 

14 
5.210 

155 
20.197 

Total 15,128 5.224 20,352 

Total Federal-aid state highways 
Total Federal-aid local systems 
Total Federal-aid systems 
Total state highways 
Total local systems 

1,478 
1,420 
2,898 
1,619 

16.407 

476 
780 

1,256 
490 

5.990 

1,954 
2,200 
4,154 
2,109 

22.397 

Total all systems 18.026 6.480 24.506 



Table 4 gives the total mileages and Table 5 the total vehicle-miles on each highway 
system. 

It might be noted here that 4,676 million vehicle-miles of travel were recorded on 
the state highways and 6,952 million vehicle-miles on the local road systems. 

TABLE 5 
VEHICLE-MILES OF TRAVEL BY PASSENGER CARS ON LOCAL ROADS 

AND fflGHWAYS BY fflGHWAY SYSTEM IN MASSACHUSETTS: 1953 

Rural Urban Total 

Highway System Vehicle-Miles Vehicle-Miles Vehicle-Miles 
Federal-aid primary system 

State highways 
Local systems 

2,124 
180 

1,904 
1.253 

4,028 
1.433 

Total 2,304 3,157 5,461 
Federal-aid secondary system 

State highways 
Local systems 

303 
762 

131 
801 

434 
1.563 

Total 1,065 932 1,997 
Non-Federal-aid system 

State highways 
Local systems 

166 
2,350 

48 
1,606 

214 
3.956 

Total 2,516 1,654 4,170 
Total Federal-aid state highways 
Total Federal-aid local systems 
Total Federal-aid system 
Total state highways 
Total local systems 

2,427 
942 

3,369 
2,593 
3,292 

2,035 
2,054 
4,089 
2,083 
3,660 

4,462 
2,996 
7,458 
4,676 
6.952 

Total all systems 5,885 5.743 11.628 

The accident rates in Table 3 are most revealing. The figures show the following 
comparisons in accident rates on each system: 

1. In the Federal-aid primary system the accident rate (accidents per 100 million 
vehicle-miles) on the state highways is 432, and 1,211 on local roads. 

2. In the Federal-aid secondary system the ratios are reversed with 1, 537 ac­
cidents per 100 million vehicle-miles on the state highways and 399 on local roads. 

3. In the non-Federal-aid system there is a preponderance of mileage on the local 
roads. There are 225 accidents per 100 milUon vehicle-miles on the state highways 
and 2,107 on local roads. 

A consideration of the exposure data may be helpful on analyzing the reversal of 
ratios in the two Federal-aid groups. The average voliunes carried on each subdivision 
in the Federal-aid primary (FAP) system are not too different. This is also ti^e of 
the total number of accidents in each subdivision of this system. Therefore, accident 
rates expressed in accidents per 100 M. V. M. vary inversely with respect to mileage. 
The same is approximately true of state highway and local road subdivisions in the 
Federal-aid secondary (FAS) system. Thus, in the primary system, the state highway 
road mileage is three times that on the local roads whereas its accident rate is only 
one-third that of the local roads. 



In the secondary system, the state highway mileage is one-fourth that on the local 
roads and the state highway accident rate is four times that of the local roads. 

The reversal of accident ratios in the various systems became the cause of special 
study in an attempt to determine the reason therefor. Comparisons of the number of 
accidents per mile of highway and the number of accidents per million vehicle-miles 
were both studied in relation to their respective system mileages. 

In neither of these possibilities could a definite indication or trend be detected. 
There did appear to be a relationship between the number of accidents in terms of 

vehicle-miles as related to their average traffic volumes. However, this was not suf-
ficientiy pronounced to substantiate any definite conclusions as to the reasons for the 
variation of accident rates in the various systems. 

A possible interim conclusion might be that the priority given to the construction of 
limited-access highways on the FAP system, and financial assistance to the municipali­
ties for local roads in the FAS system since World War I I have reduced the accident 
rates on those systems. 

These results do lead to the conclusion that on an accident rate basis, the state 
highways in the FAP system and the local roads in the FAS system are doing a good 
job. On the contrary, the results in terms of accident rates on the local roads in the 
FAP system and the state highways in the FAS system indicate a definite need for im­
provement on these systems. 

This need for improvement most certainly obtains in the case of the non-Federal-
aid local roads with their high accident totals, extensive mileage and high rate of ac­
cidents per 100 million vehicle-miles. 

^ ECONOMIC COSTS-TOTAL 
The foregoing has been purposely confined to an explanation of accident experience 

and accident rates on the roadway systems. This was done in order to promote a 
clearer understanding of the accident picture in Massachusetts. It is a fact, however, 
that an important and integral part of any motor-vehicle accident—and aside from the 
aspect of personal injury, suffering and inconvenience involved—is the monetary cost 
incurred. 

In this paper monetary costs are confined to "direct" costs only. "Direct" costs 
are defined as the money value of damages and losses to persons and property that 
were the direct result of these accidents and which might have been saved for the car 
owner had these accidents not occurred. "Direct" costs are composed of the money 
value of damage to property, hospitalization, doctors, dentists, and nursing service, 
ambulance use, medicine, work time lost, damages awarded in excess of other direct 
costs, attorney's services, court fees, and other miscellaneous but small items. 

The Economic Cost of Accidents in Relation to the Highway Systems is given in 
Tables 6 and 7. 

Table 6 covers the over-all costs and Table 7 gives a breakdown showing average 
cost per accident on each highway system. The value of Table 7 is that it brings into 
sharp focus the cost to an individual of havii^ an accident and that the cost may vary 
from $203, the figure for an average property-damage accident, up to $5,499 for an 
average fatal accident in urban areas. 

For those who include among their responsibilities the improvement of accident-
prone highways the over-all costs of accidents on the highway systems in Table 6 are 
of special significance. 

In 1953 there occurred a total of 131, 536 accidents which involved $50,223, 500 in 
direct costs. Fatal accidents made up 3 percent, non-fatal injury accidents 57 percent 
and property-damage accidents 40 percent of this cost. 

Earlier it was stated that an attempt would be made to point out where special at­
tention is needed in order to reduce accidents and economic costs. The cost breakdown 
by highway systems provides a means for highlighting the enormous cost of accident-
prone highways. 

In this cost breakdown it is interestii^ to examine the cost comparisons in the light 
of what was previously found through accident rate comparisons. This may be done 
in three sections as before. 



1. Federal-aid primary system-— 
State highways have a better accident rate 
than local roads in the ratio of 1 to 3 
(Table 3). However, the state highway 
accident costs (Table 6) exceed those on 
the local roads, being $9,909, 530 and 
$ 7,282,410 respectively. 

The highest costs in each subdivision 
of the FAP system are those incurred in 
urban non-fatal accidents; that is, in 
accidents where non-fatal injuries are 
involved and they amounted to $8,863, -
230. State and local roads each show a 
total cost of approximately $4,400,000. 
Thus, in the non-fatal injury accident 
category, urban areas accounted for 52 
percent of the total cost in the FAP sys­
tem while the state highways make up al­
most all of the cost in the rural areas. 

Property-damage accidents were es­
pecially costly in both rural and urban 
subdivisions but these costs were only 
52 percent of the non-fatal figures. 

2. Federal-aid secondary system. — 
On these roads the total accident cost is 
only 29 percent of that on the FAP roads 
or $5,036, 540 to $17,191,940. 

Here again the dissimilarity between 
accident rate comparisons and cost com­
parisons is worthy of note. On the FAS 
system local roads have a comparatively 
low accident rate and state highways a much 
greater one in the ratio of 4 to 15. Nev­
ertheless, the accident costs are in the 
ratio of only 4 to 6 on local roads vs 
state highways. 

Another noteworthy fact is that pro­
perty damage costs are greater on the 
FAS system than are those of non-fatal 
injury accidents. This is due to a pre­
ponderance of minor, less-costly acci­
dents on the FAS system,. 

3. Non-Federal-aid system. — These 
roads form the large network of local 
streets and connecting highways. Com­
pared with the roads in the other systems 
they carry less average traffic, their ac­
cident rate expressed in number of ac­
cidents per mile is less and yet because 
they compose 20,352 of the state's 24, -
506 mi they account for 83,855 accidents 
which cost $27,995,020 out of the total 
$50,223,500. 

Non-fatal injury accidents account for 
$15,974, 500, property-damage acci­
dents for $11,269,060, and fatal acci­
dents for $751,460 of the $27,995,020. 
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DIRECT COSTS PER MOTOR-VEHICLE TRAFFIC ACCIDENTS BY HIGHWAY SYSTEM AND SEVERITY FOR PASSENGER 
CARS REGISTERED IN MASSACHUSETTS: 1953* 

Hlglnray Smtem 

Severltr of Accident 
Fatal Non -F^tal Property Damace Total 

Rural 
($) 

UrbGn 
($) 

Total 
(») 

Rural 
» ) 

Urban 
($) 

Total 
($) 

Rural 
($) 

Urban 
(t) 

Total 
($) 

Rural 
($) 

Urban 
($) 

Total 
» ) 

5,361 5,447 
5.482 

5,400 
5.482 

1,009 
1.920 

1,969 
850 

1,52<) 
853 

266 227 
211 

240 
211 

518 
1.920 

599 
418 

569 
419 

5,361 5,488 5,433 1,016 1,187 1,152 266 218 226 521 488 494 

n 
3,488 5,644 

5.778 
3,859 
5.778 

918 
150 

1,017 
628 

959 
618 

201 538 
206 

344 
266 

329 
ISO 

617 
327 

450 
326 

Federal-aid primary system 
State higbways 
Local systems 

Total 

State bigliways 
Local systems 

Tbtal 
Non-Federal-aid system 

State lugliways 
Local systems 

1,120 - 1,120 60 73 70 666 73 331 
5.467 5.218 659 752 746 149 184 161 276 338 334 

Total 4,093 5,467 5,218 698 752 748 147 184 181 290 937 334 
Total Federal-aid state 

lugliways 4,658 5,473 4,962 988 1,822 1,420 238 294 271 447 603 536 
Total Federal-aid local 

systems - 5,568 5,668 740 800 800 - 210 210 740 394 395 
TMal Federal-Bid systems 4,658 5,534 5,206 783 1,080 1,067 238 243 242 448 471 466 
Total state bigliways 4,658 5,473 4,963 994 1,821 1,413 236 280 268 451 593 532 
Thtal local systems 4.092 5.504 5.332 662 7.639 759 149 190 187 280 351 347 
Ttotal aU systems 4.495 5.499 5.212 880 860 862 204 203 203 388 381 382 
' Derived from Tables 1 and 6. 

Of this amount $26,194,560 was incurred in urban areas. Thus besides having a 
high accident rate in terms of accidents per 100 million vehicle-miles on its local road 
subdivision, the non-Federal-aid (NFA) system is responsible for 56 percent of the 
monetary cost of accidents in the state. 

ECONOMIC COSTS-RATES 

The total costs of accidents on each highway system (Table 6) permits a comparison 
of total monetary costs. 

As previously noted the efficiency of a highway in terms of accidents may be ob­
tained by comparing accident rates. This is also true when comparing economic loss 
expressed in accident cost rates. 

Cost rates are given in Tables 8 and 9 and shown in Figures 2 and 3. 
Figure 2 shows costs per mile of highway on each highway system and Figure 3 

shows costs per 100 million vehicle-miles. 
An analysis of Figure 2 indicates that the highest accident cost per mile of highway, 

$16,112, is on the FAP local roads. Second highest is $6,857 on FAS state highways 
and third $6,537 on FAP state highways. Costs per mile on the remaining systems 
are minor in comparison. I t should be stressed here that these costs are average 
costs only and that costs fluctuate greatly on the many types of roadways in each sys­
tem. Costs per mile, of course, present only one side of the picture and do not reflect 
the volumes of traffic carried. 

Figure 3 shows cost on a vehicle-mile basis. 
The comparison obtainable in Figure 3 may be further simplified by reducing the 

cost per 100 million vehicle-miles, in dollars, to the cost per car-mile expressed in 
cents. 

The state highways as a whole are costing the motorist an average of 0.28 cents 
per car-mile while the local roads are costing the motorist 0.53 cents per car-mile 
as shown in the following comparative summary of the total costs per passenger car-
mile on each system: 
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System 

FAP 
FAS 
NFA 

Costs in Cents 
S.H. 
0.24 
0.69 
0.07 

Local Roads 
0.50 
0.13 
0.70 

ECONOMIC COST BY TYPES OF COLUSIONS 
The two main sections into which types of accidents may be grouped are (1) col l i ­

sions between two or more vehicles and (2) accidents involving only one vehicle (Table 
10). Subdivisions of the first group include head-on, read-end, angle, sideswipe 
(same direction) sideswipe (opposite direction), and other collisions. The last group 

DIRECT COSTS OF MOTOR-VEHICLE 
SEVERITY FOR 

TRAFFIC ACCIDENTS PER UILE OF HIGBWAY BY HIGBWAY SYSTEM AND 
PASSENGER CARS REfflSTERED D) MASSACHUSETTS: 1993' 

BOTerlty of Aceldait 
Fatal Non-Fatal Property Damage Total 

Rural Urian Total Rural Urlan Total Rural Urban Total Rural Urtaui Total 
HijEliway SrBtem ($) ($) ($) ($) 9) ($) (t) ($) (t) ($) ($) (*) 

Fede»l-ald primary system 
State highways 192 453 280 1,716 11,155 4,188 1,063 4,979 2,089 2,971 18,586 6,537 
Local eystems - 807 994 242 13.317 9,875 - 7,699 5.642 242 21,783 16.112 

Total 173 614 337 1,575 12,141 5,494 961 8,201 2,905 2,780 18,957 8,736 
Federal-aid eecondary eyetem 

State higtaways 233 357 258 1,472 5,278 2,159 1,825 18,336 4,442 3,530 21,971 6,897 
Local systems - 250 88 3 2,126 946 - 2,194 591 3 4.939 1.163 

Total 90 273 104 321 2,800 889 395 4,284 1,331 768 7,157 2,304 
Non-Federal-aid system 

State highways - - - 953 - 867 39 1,422 163 992 1,422 1,031 
Local systems 7 124 37 57 2.875 784 48 2.025 997 111 5.024 1.378 

Tbtal 7 123 37 68 2,868 788 48 2,083 954 119 5,014 1,376 
Total Federal-aid state 

faigtaways 208 437 259 1,657 10,180 3,733 1,248 6,864 2,618 3,107 17,480 6,608 
Total Federal-aid local 

systems - 493 179 23 8,904 2,483 - 4,904 1,997 23 11,901 4,234 
Total Federal-aid systems 103 471 214 857 8,145 3,060 637 5,398 2,078 1,998 14,015 9,351 
Total state highways 184 424 240 1,598 9,889 3,523 1,143 6,708 2,436 2,923 17,021 8,198 
Total local systems 6 172 91 54 3,400 949 42 2.348 659 103 5.919 1.659 
Total all systems 22 191 67 19 3,891 1,171 141 2,677 812 356 6.799 2.049 
' Derived from Tallies 4 and 6. 

DIRBCT COffTS OF HOTOR-VZBICLE TRAFnC ACCmENTS PBR IW HILIJIIN VEHICLK-iaLES BY HKSHWAY STOTEH ikNO SEVERITir 
FOR PASSENGER CARS REOISTERED IN MASSACHUSETTS: 1953* 

8wtrHrofAccid«nt 
Fatal Non-IUal Pn nerty Dam age Total 

HUdiwaT SvBtem 
Rural 
($) 

Urban 
($) 

Total 
» ) 

Rural 
(8) 

Urban 
(8) 

TUal 
(8) 

Rural 
(8) 

Urben 
(8) 

Total 
(«) 

Rural 
($) 

Urban 
(8) 

Total 
(») 

Federal-aul primary system 
State highways 
Local systems 

10,095 0,441 
21.440 

9,780 
25.725 

00,420 
18.000 

232,502 
253.025 

157,024 
311.478 

56,015 103,000 
203.535 

78,607 
177.060 

196,931 
16.000 

345,841 
978.809 

246,016 
908.103 

Total •,30> 14,109 12,137 84,806 200,740 107,996 51,639 143,390 104,000 145,552 438,341 314,813 
Federal-aid Mcondaxy system 
State highways 
Local systems 

27,824 21,942 
14.427 

25,788 
7.393 

174,422 
901 

318,305 
110,653 

217,853 
61.005 

216,244 085,137 
120.215 

448,320 
81,807 

418,200 
501 

1,324,085 
293.209 

601,070 
130.009 

Total 7,850 15,427 11,301 50,047 146,710 05,182 61,523 241,788 145,852 119,420 408,020 292,209 
Noil'Federal-aid system 

State hlgiiways 
liical systems 4.527 40.108 18.995 

80,064 
30.562 032.808 

62,804 
400.407 

3,271 
29,576 

41,419 
656,820 

11,841 
284,210 

84,235 
70.065 

41,470 
1.629.804 

74,649 
703.622 

Total 4,229 39,001 18,021 30,401 005,738 303,082 27,041 538,072 270,241 71,560 1,983,710 671,343 
Total Federal-aid state 

highways 
Total Federal-aid local 

systems 
Total Federal-aid systems 
Total state highways 
Total local systems 

12,381 

8,840 
11,407 
3,232 

10,220 

18,705 
14,482 
9,984 

28.122 

11,342 

12,824 
11,037 
10,823 
16.330 

100,008 

3,535 
73,882 
09,631 
37, 111 

238,110 

202,170 
250,100 
232,623 
556,448 

163,482 

180,854 
170,481 
158,874 
305.790 

76,019 

54,763 
71,369 
21.113 

160,543 

171,042 
165,817 
157,700 
384.205 

114,560 

117,263 
119,651 
109,067 
212.269 

180,210 

3,939 
137,204 
182,400 
51.496 

408,872 

491,023 
430,408 
400,406 
068.779 

260,302 

310,941 
208,049 
279,964 
534.394 

Total all systems e,ST4 21,543 14,110 50,004 438.006 240.710 43.253 302,087 171,090 100.101 762.626 431.919 
* Derived from Tables 5 and 6. 
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F E D E R A L A I D P R I M A R Y F E D E R A L A I D S E C O N D A R Y N O N - F E D E R A L A I D 
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Figure 2. Direct cost of accidents per mile of highway lay highway systems. 

F E D E R A L A I D P R I M A R Y F E D E R A L A I D S E C O N D A R Y N O N - F E D E R A L A I D 
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Figiire S- Direct cost of accidents per 100 million vehicle-miles by highway systems. 

includes turning movements, parking maneuvers, and backing in traffic lane. The 
second main grouping includes pedestrian, fixed olqects, other objects, and non-col­
lision accidents. Other objects include vehicles such as bicycles, scooters, etc. 

In these two groups, 109,730 (84 percent of the total) are two-car accidents while 
21,806 (16 percent) are single car accidents. Angle collisions are f i r s t in number, 
rear-end collisions second, other collisions third, and head-on collisions fourth. 

A comparison by types of collisions on the six highway systems is also given in 
Table 10. The percentage breakdowns on the state and local systems are most in ­
teresting. While rear-end collisions on each system bear about the same proportion 
to the total collisions in the system (17 percent on state highways and 17 percent on 
local roads), angle collisions are more frequent being 23 percent on state highways 
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MOTOR-VEHICLE TRAFHEC ACCIDENTS BY T Y P E OF ACCIDENT AND fflGHWAY SYSTEM 
FOR PASSENGER CARS REGISTERED IN MASSACHUSETTS: 1953 

Federal-
Primary 

Aid Federal-Aid 
Secondary System 

Non-Federal-Aid 
System 

Total Total 

Type of Accident 
State 

Highway 
Local 

System 
State Local 

Highway System 
State Local 

System 

Federal-
Aid 

Systems 

13 

Total 

State Local All 
Highway Systems Systems 

Collision with: 
One or more motor-

vehicles 
Head-on 2,306 1 462 631 514 15 7, 751 4,913 2,952 9,727 12,679 
Rear-end 3,403 3, 395 864 1,273 15 13,363 8,935 4,282 18,031 22,313 
Angle 4,367 7 726 1,276 2,000 15 34,484 15,369 5,658 44,210 49,868 
Sideswipe—same 

direction 1,281 1 070 150 151 - 4,397 2,652 1,431 5,618 7,049 
Sideswipe—opposite 

direction 433 226 15 90 - 708 764 448 1,024 1,472 
Other collisions 2,129 1 333 1,086 1,050 181 10, 570 5,598 3,396 12,953 16,349 

Total 13,919 15 212 4,022 5,078 226 71,273 38,231 18,167 91,563 109,730 

Pedestrian 201 327 248 283 30 4, 759 1,059 479 5,369 5,848 
Fixed objects 745 734 679 726 15 4,361 2,884 1,439 5,821 7,260 
Other ot^ects 1,751 875 1,146 153 181 2,358 3,925 3,078 3,386 6,464 

Non collision 792 213 577 30 622 1,582 1,399 835 2,234 

Total 3,489 2 149 2,650 1,162 256 12,100 9,450 6,395 15,411 21,806 

Total 17,408 17 361 6,672 6,240 482 83,373 47,681 24,562 106,974 131,536 

and 44 percent on the local systems. Pedestrian collisions account for only 2 percent 
of the collisions on state highways against 5 percent on local roads. Collisions with 
fixed objects are in about equal proportion, 6 percent on state and 5 percent on local 
roads. 

The costs of the various types of accidents are given in Tables 11 and 12. Table 
11 gives total costs and Table 12 gives costs per 100 million vehicle-miles. Table 12 
furnishes the data for Figures 4 to 9. These figures show the direct cost of (1) col­
lisions between passenger cars or between passenger cars and other motor vehicles 
and (2) single car accidents. 

An analysis of the results may be made by grouping them into the three main high­
way systems and comparing the costs per 100 million vehicle-miles on the state high­
ways and on the local roads in each system. 

1, Federal-aid primary system. —Figure 4 in the FAP system furnishes a com­
parison of the costs per 100 million vehicle-miles of each of the six types of collisions 
in cases where two or more vehicles are involved. Figure 5 gives cost rates of each 
of the four types of collisions where single-vehicle accidents are involved. 

Comparisons are also obtainable on the state and local road systems. 
The highest cost rate on the state highways is found in head-on collisions, with 

rear-end second and angle types third. On local roads the order of cost rates is angle 
collision first , rear-end second and head-on types third. 

In the local road system several types have much higher cost rates than their re­
spective types in the state highway system; that is, angle types, rear-end collisions, 
fixed object and pedestrian types. The head-on collision cost rate is higher on the 
state highways. 

Reduced to a cost per passenger car-mile basis, the total cost in the FAP system 
for all types of collisions on the state highways is 0.24 while the local road cost rate 
is 0. 50 cents. 

2. Federal-aid secondary system. — Figures 6 and 7 show the cost breakdown by 
types on the FAS system. 

The highest cost on the state highways is in rear-end collisions with angle types 
second, and "other" types third. The latter include parking maneuvers, backing, and 
turning movements. 

The highest cost on the local roads is in angle types with read-end second, and 
head-on third. 

Cost rates of all types on the state roads exceed those on local roads. In terms of 
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i xRECT c o e r s O F u o r c m - v E m c L E T R A F H C ACCIDENTS B Y T T F E O F ACCIDENT A N D HKSBWAY 
SYSTEM YOR PASSENGER CABS REGISTERED I N MASSACBUSETTS: USS 

Type of Accident 
Federal-Aid 

Prlmery Sretem 
Fedenl-Ald 

SecondaiT Syetem 
Non-Fedenl-Aid 

Local 
System 

($) 
Ê ystem 

tt) 

Local 
Ŝ Btem 

($) 

- Fedenl-
Ald 

Srateme 
(I) 

Local A U 
Systeins Systems 
($) ($> 

Collision with. 
One or more motor-TeUcleB 

Head-on 
Rear-end 
Angle 
Sideswipe— same direction 
Sideswipe—opposite direction 
Other colllalons 

Pedestrian 
Fixed objects 
Other ohgects 

Non rnllision 

IMal 

Tobl 
Total 

3,897,550 
1,745,000 
1,496,100 

487,980 
339,850 
452.570 

958,730 
2,140,330 
2,503,180 

221,920 
07,100 

293.600 

312,490 
761,900 
528,530 
83,310 
43,500 

465,170 

288,060 
490,670 
658,060 
39,640 
33,040 

186.600 

36,990 
20,400 
16,500 

3,513,630 
5,561,050 

11,973,340 
1,104,170 

186,460 
912.600 

5,416,830 
5,137,900 
9,185,870 

832,890 
513,490 

1.397.940 

4,206,990 
2,527,300 
2,041,130 

571,290 
383,350 
923.170 

4,780,420 
8,192,050 

15,134,580 
1,365,730 

316,600 
1.392.800 

8,967,410 
10,719,390 
17,179,710 
1,937,020 

699,990 
2.315.970 

8,379,050 
150,250 
547,850 
122,350 
710.030 

6,214,860 2,194,900 
268,980 55,220 
870,290 225,310 

93,920 194,170 
34.760 333.550 

1,696,070 
62,710 

145,710 
128,900 

31,500 
35,400 
10,860 

23,251,290 
2,799,550 
1,399,380 

139,190 
253.990 

18,484,880 10,653,230 
937,180 

1,988,160 
538,940 

236,970 
808,560 
327,380 

1.078.340 1.046.280 

31,162,180 
3,131,240 
2,211,380 

357,570 
288.710 

41,815,410 
3,368,210 
3,019,940 

684,950 

1,530,480 1,067,550 808,290 337,320 
9.909.930 7.282.410 3.003.190 2.033.390 

80,460 
158.740 

4,984,030 
87.835.280 

3,743,800 
22.228.480 

2,419,190 
13.072.420 

9,988,900 
37.151.080 

8,408,090 
50.223.900 

TABLE 12 
DIRECT COSTS OF UOTOR-VEmCLE TRAFFIC ACCIDENTS PER 100 WLUON VEHICLE-HILES BT HIGHWAY 

SYSTEM AND TYPE OF ACCIDENT FOR PASSENGER CARS REOSTERED IN MASSACHUSETTS: 1953' 

Type ot Accident 

Federal-Aid 
Primary System 

Federal-Aid Non-FedenU-Aid 
Secondary Syatem Syrtem 

Local 
Highway System 

m ») 

Slate Local Slate Local 
SystGin 

($) 

Total Total Tolal Tbtal 
Federal-

Aid State local AU 
Systems Highways Systems Systems 

($) (I) ») ($) 
ColUsion with: 

One or more motor-vehicles 
Head-on 95,768 66,904 72,002 18,430 17,266 88,818 72,631 89,970 68,476 77,119 
Rear-end 43,322 149,360 175,553 31,393 9,533 140,573 68,891 54,048 117,837 92,186 
Angle 37,142 174,681 121,781 42,102 7,710 302,663 69,535 43,651 217,701 147,710 
Sideswipe-same direction 12,115 15,486 19,196 2,536 - 27,911 11,167 12,218 19,645 16,658 
Sideswipe-opposite direction 8,437 6,776 10,023 2,114 - 4,713 6,885 8,198 4,554 6,020 
OBier collisions 11.236 20,489 107,182 11,939 2,538 23.069 18.744 19,743 20.035 19.917 

Pedestrian 
Fixed objects 
other objects 

Non collision 

Total 208,020 
3,730 

13,601 
3,038 

17,627 

433,696 
18,770 
46,775 
6,526 
2.426 

505,737 
12,723 
51,915 
44,740 
76,855 

108,514 37,047 
4,012 
9,322 
8,247 

14,720 
16,542 
5,075 
1.261 

587,747 
70,767 
35,273 
3,416 
6,419 

247,853 227,828 
7,203 

21,308 
7,226 

5,068 
17,292 
7,001 

14.450 22.375 

448,248 
45,041 
31,809 
5,143 
4,153 

359,610 
28,966 
25,971 
5,891 

11,481 

Total 
Total 

37,996 
246.016 

74,497 
508,193 

186,233 
691,970 

21,581 
130.005 

37,598 
74,645 

115,875 
703,622 

SO, 196 
298,049 

51,736 
279.564 

86,146 
534,394 

72,309 
431,919 

' Derived from Tables 5 and 11. 

cost per passenger car-mile, the total cost in the FAS system on state roads was 0.69 
cents as compared with 0.13 cents on local roads. 

3. Non-Federal-aid system. —Figures 8 and 9 show the cost breakdown by types 
on the NFA system. 

The highest cost on the state highways is in fixed object cases with pedestrian ac­
cidents second. 

The highest cost on the local roads is in angle types and amounts to $302,663 per 
100 million vehicle-miles. This, incidentally, exceeds the figures on any type in any 
highway system by a wide margin. Second in cost-rate are rear-end types, third 
head-on, and fourth pedestrian accidents. In comparing costs in each of the two high­
way subdivisions in the NFA system, i t should be stressed that the mileage on the 
state roads is only 155 while that on the local roads is 20,197. 

The cost per passei^er car-mile in the NFA system on the state roads is 0.07 cents 
while the cost per passenger car-mile on the local roads is 0.70 cents. 
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Figure k. Federal-aid primary system— direct cost per 100 million vehicle-miles of col­
l i s i o n s between: (a) passenger cars, and (b) passenger CEU:S and other motor vehicles. 

ECONOMIC COSTS ON SELECTED SECTIONS OF STATE 
fflGHWAYS IN MASSACHUSETTS 

In the analysis of the accident records and economic costs on the six highway sys­
tems a general picture has been obtained on a statewide basis. To get an idea of the 
economic costs on specific sections of highway i t may be of interest to consider the 
results contained in an Accident Rate and Cost Study prepared in 1957. This study 
was based on the accidents reported to the Registrar of Motor-Vehicles in 1955. The 
purpose of the study was to determine the direct costs of accidents on two types of 
state highways; namely, those having no control of access and those on which access 
was controlled. Four highways were selected of the former type and they included 
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Figure 5. Federal-aid primary system—direct cost per 100 million vehicle-miles of sin­
gle car accidents (passenger cars only). 
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Federal-aid secondary system—direct cost per 100 million vehicle-miles of 
between: (a) passenger cars, and (b) passenger cars and other motor vehi­

cles. 

2-, 3-, 4- and 6-lane roads. Five highways were of the latter type and all of these 
were 4-lane divided roads which had been opened to traffic since June 1952. As part 
of the study, two curves (Fig. 10) were prepared by plotting the yearly accident cost 
per mile against traffic volume (ADT) for each of the nine sections of highway. The 
costs used were based on the results of the Massachusetts Accident Cost Study and 
were direct costs only. This chart shows a yearly saving in cost of accidents per 
mile of highway of $18,000 at 10,000 vehicles per day and $68,000 at 25,000 vehicles 
per day on the controlled-access roads. 

It was pointed out in the study that because this was an initial attempt, future studies 
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Figure 7. Federal-aid secondary system—direct cost per 100 million vehicle-miles of 
single car accidents (passenger cars only). 
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Figure 8. Non-Federal-aid system—direct cost per 100 million vehicle-miles of c o l l i ­
sions between: (a) passenger cars, and (b) passenger cars and other motor vehicles. 

might alter the results obtained. Since this study was completed, a new comparison 
of accident costs on eight of the nine highways has become available and the figures are 
given in Table 13. The 1957 records of accidents submitted to the Registry are used 
in this table. A comparison of the results in accident costs per mile with the curves 
in Figure 10 proved to be of special interest inasmuch as volumes on the highways 
had changed since 1955. In one case—Route 20-2, the so-called Southwest Connection-
volumes had decreased substantially because of the opening of the Massachusetts Turn­
pike. Its accident cost per mile versus the new volume figure agrees quite closely 
with the curve. 

Figures on the other highways are likewise quite consistent with the curves with 
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ACCIDENT RATES AND COSTS ON STATE HIGHWAYS IN MASSACHUSETTS COMPARING ACCESS-CCNTBOLLED 
ROADS WITH ROADS WITH NO CONTROL OF ACCESS: 1957 

Roads with Access Controlled 

Sections of State Higbway MUes 
Volume 

ADT lOlled 
FUal 

Accidents 

Non-Fatal 
Personal-

Injury 
Accidents 

Property-
Damage 
Accidents 

Tbtal 
Accidents 

Persons 
Injured 

100 
MVH 

Accidents* 

Direct 
Costs 

Per Mile 
Route 128 (Wellesley to l^rnnfield) 24.6 32,200 3 3 294 211 468 495 161.7 $ 30,100 
Route IS (Sturbridge to Holland) 6.7 19,700 2 2 26 17 45 50 117.2 13,900 
Route 2 (Concord to Westminster) 29.4 7,800 8 4 43 58 105 117 128.7 7,250 
Houte 1 (Danyers to Salisbury) 21.6 19.500 5 9 86 68 150 200 130.1 14,800 
Total 82.3 17.700»* 18 14 409 354 777 862 146.2 

Roads with No Control of Access 
Route 1 (Revere to Peabody) 7.8 30,900 5 3 213 109 325 420 370.5 79,700 
Route 20-1 (Nortfaboro to Weston) 20.5 8,200 1 1 72 88 141 119 230.2 9,700 
Route 20-2 (Nortfaboro to Auburn) 15.9 8,600 3 2 122 82 206 213 412.7 21,800 
Rniitn g (RfWkVlina In FfaFnlnpham) 19.9 30,400 8 8 572 339 917 1,018 415.3 78.500 
Total 84.1 17,900" 17 12 979 598 1,589 1,770 378.4 
• Accidents per 100 million veUcle-miles. 
' * Weiglited average. 

one exception. In the volume range above 25,000 vehicles per day there is some vari­
ation from the 1955 curves. Values on the uncontrolled-access roads were somewhat 
lower than the curve in this volume range. One explanation for this may be that the 
overcrowding of the free-access roads actually tends to prevent certain types of col­
lisions. 

Only one example of a controlled-access highway in this high volume range was avail­
able. This was Route 128 north, a section of the Northern Circumferential Highway. 
This road, though opened in 1952, has been reaching capacity and i t is now being widen­
ed and modernized. Its accident rate was 161.7 accidents per 100 million vehicle-
miles in 1957. This was twice its rate in 1953. Its accident cost per mile had in ­
creased from $19,100 in 1955 to $30,100 in 1957. When reconstructed, this section 
of Route 128 should, without doubt, reverse this upward trend. 

In simimation, i t maybe stated that the low accident rates and costs on the con­
trolled-access highways are consistent with previous findings and that they most cer­
tainly contribute their part in maintainii^ a comparatively low accident rate on the 
state highways in the FAP system. 

CONCLUSION 

This study emphasizes the immediate need for action through accident prevention 
on all highway systems in Massachusetts. 

Local roads in the NFA system deserve special consideration in the urban areas. 
Because many accidents are occurring in the cities of the Commonwealth this problem 
should be given special attention. 

In the FAP system, state highways have a decidedly lower average accident rate 
than that on the local roads. Nevertheless, both represent large economic losses sus­
tained throi^h highway accidents. 

In the FAS system, the state highways have a high accident rate and also involve 
high economic losses. 

On the brighter side, i t is evident that in the state highway system, the highways 
with fu l l control of access e:q)erience much lower accident rates, at a given volimie, 
than do those highways where access is uncontrolled. Economic losses are also com­
paratively low on the controlled-access roads. 

In summary then, this study indicates the need for accelerated efforts in accident 
prevention from the viewpoint of reducing personal injuries and economic losses as 
well. In addition, i t pinpoints the highway systems where, through road construction 
and reconstruction, traffic control, enforcement and other means, remedial measures 
should be given priority. 



Economic Cost of Traffic Accidents in 
Relation to the Vehicle 
JAMES F. MC CARTHY, Transportation Economist, Division of Traffic Operations, 
U.S. Bureau of Public Roads, Washington, D.C. 

This paper discusses accidents in Massachusetts in 
which Massachusetts registered vehicles were involved 
and the resulting economic costs. The data were de­
veloped by the Massachusetts Department of Public 
Works and the Registry of Motor Vehicles in coopera­
tion with the U. S. Bureau of Public Roads. It covers 
the involvements of passenger cars in traffic accidents 
during 1953 and the involvements of trucks in traffic 
accidents during 1955. The purpose is to present the 
cost of accidents in relation to the vehicle in a way that 
wi l l be helpful both to those interested in pinpointing 
where prevention efforts should be centered and to those 
engaged in the economic analysis of highway improve­
ments. It is not the purpose to fix the responsibility 
for accidents by type of vehicle but rather to show what 
kinds of vehicles were involved and the extent of the in­
volvement in terms of cost. 

Involvement and cost data are analyzed separately for 
passenger cars and trucks by age of vehicle and severity 
of accident. Further analyses are made of trucks involved 
in accidents and their direct costs in relation to the regis­
tered gross weight and type of truck. Comparisons are 
made throughout the report on the basis of the involve­
ments per 100 million vehicle-miles and the accident cost 
per vehicle-mile. 

An involvement is one vehicle in one accident. For ex­
ample, in the passenger car study if a passenger car hit 
a pedestrian there was 1 involvement in 1 accident. If 
2 passenger cars collided with each other there were 2 
involvements in 1 accident. Also, in the passenger car 
study i f a passenger car collided with a truck this was 1 
passenger car involvement in 1 accident. The truck in­
volvement was not included in the passenger car study. 

OVER-ALL ACCIDENT EXPERIENCE 
• THERE WERE 1,239,596 passenger cars and 179,610 trucks registered in Massa­
chusetts during 1953 and 1955, respectively. Table 1 shows that passenger cars were 
driven 11.6 billion vehicle-miles and that trucks were driven about 2 billion vehicle-
miles. The truck mileage was about 17 percent of the miles driven by passenger cars. 
The direct cost of passenger car accidents was $ 50,223,500 as compared to a truck 
accident cost of $4,773,590. The cost attributable to trucks was about 9. 5 percent 
of the cost of passenger cars. These direct costs consist of the money value of damage 
to property, medical costs resulting from injuries to persons, value of time lost, loss 
of use of motor vehicle, legal and court costs, damages awarded in excess of costs. 
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TABLE 1 
NUMBER OF VEfDCLES REGISTERED IN MASSACHUSETTS (PASSENGER 
CARS, 1953, AND TRUCKS, 1955) AND THEIR TRAVEL, CLASSIFIED 

BY AGE OF VEHICLE 

Vehicle Travel 
Number Percent Total Percent Average 

Age of Vehicle of of Mileage of Annual 
(yr) Vehicles Total (thousands) Total Mileage 

(a) Passenger Cars Registered in 1953 
Under 2 257,852 20.8 3,331,000 28.6 12,918 
2 - 4 333,947 26.9 3,390,000 29.2 10,151 
4 - 8 356,030 28.7 3,143,000 27.0 8,828 
8 and older 291,767 23.6 1. 764,000 15.2 6,046 
Total 1.239,596 100.0 11,628,000 100.0 9,380 

(b) Trucks Registered in 1955 
Under 2 27, 074 15.1 354,737 17.4 13,102 
2 - 4 27,343 15.2 395,707 19.4 14,472 
4 - 8 67,913 37.8 794,942 39.0 11,705 
8 and older 57.280 31.9 494,710 24.2 8,637 
Total 179.610 100.0 2,040.096 100.0 11,358 

and miscellaneous items. AU of these cost elements usually are involved in the cost of 
fatal or non-fatal injury accidents. In property-damage-only accidents there are no 
medical expenses. 

In addition to the total direct costs of traffic accidents just described there were 
other direct costs in connection with non-traffic accidents, traffic incidents and non-
traffic incidents that are not covered in this report. Non-traffic accident involve­
ments—accidents involving motion but not occurring on a public roadway—resulted in 
additional direct costs of $2,698,000 for passenger cars and $327,000 for trucks. 
Traffic incidents—mishaps on public roads but not involving motion and usually in­
volving either vandalism, fire, or Acts of God—resulted in direct costs of $2,361,000 
for passenger cars and $276,000 for trucks. Non-traffic incidents—mishaps not on 
public roads and not involving motion and usually involving either vandalism, fire, or 
Acts of God—resulted in direct costs of $2,327,000 for passenger cars and $ 589,000 
for trucks. This analysis is confined to the $ 50,223, 500 for passenger cars and 
$4,773, 590 for trucks which comprise the direct costs of motor-vehicle traffic ac­
cidents in Massachusetts. 

It is evident that trucks have an appreciably lower over-all accident cost per mile. 
The cost per mile was 0.23 cents for trucks and 0.43 cents for cars. Comparsion of 
the cost of accidents by severity (Fig. 1) shows that the direct cost of operating a pas­
senger car 1 mi was 0.17 cents for property-damage-only accidents while for trucks 
in similar accidents i t was 0.07 cent. For non-fatal injury accidents i t was 0.25 cent 
per mile of passenger car operation and 0.14 cent per mile of truck operation. Only 
for the fatal-injury accidents was the rate for trucks higher, being 0.014 cent for 
passenger cars and 0.027 cent for trucks for each mile of vehicle operation. 

It should be noted that for fatal-injury accidents, the cost per mile for cars is al­
most one-half that for trucks but that for non-fatal-injury accidents and property-
damage-only accidents the cost per passenger car mile of travel is about 2% and 2 
times that for trucks. These last two classes of accidents account for by far the 
greater part of the cost of accidents. 

F ^ r e 2 compares the average cost per involvement of passenger cars and trucks. 
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Figure 1. Direct cost of t r a f f i c accidents in Massachusetts per passenger-car-mile of 
travel during 1953, and per truck-mile of travel during 1955, c l a s s i f i e d by severity of 

accident. 

The average cost per passenger car involvement was 27 percent more than the cost 
per truck involvement. This average cost for all involvements was heavily influenced 
by the fact that property-damage-only involvements accoimt for the largest percentage 
of all accidents. It was because the average cost of truck involvements in property-
damage-only accidents was only one-half that of passenger cars that trucks had a lower 
average cost per involvement in the case of all accidents. This was true even through 
the average cost of truck involvements was 43 percent higher for fatal-injury involve­
ments and 16 percent higher for non-fatal-injury involvements than were the costs of 
similar involvements for passenger cars. 

AGE OF VEfflCLE 
Table 2 summarizes the number of cars involved in accidents and the involvement 

rates by age of car and severity of accident. Similar data for trucks are given in Table 
3. For purposes of orientation on involvements and accidents, 222,059 passenger cars 
were involved in 131, 536 accidents. This total is comprised of 344 involvements in 
315 fatal accidents, 54,260 involvements in 33,270 non-fatal-injury accidents, and 
167,455 involvements in 97,951 property-damj^e-only accidents. 
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F i g u r e 2 . Comparison o f t h e average c o s t o f i n v o l v e m e n t s f o r passenger c a r s and t r u c k s . 

NUMBER OF PASSENGER CARS INVOLVED IN MOTOR-VEff lCLE TRAFFIC ACCIDENTS AND THE RATE PER 100 
M I L U O N PASSENGER-CAR MILES, CLASSIFIED EV AGE OF CAR AND SEVERITY OF ACCIDENT 

Passenger Cars Involved 1 

"TOT 

Number of Passenger Cars per 100 MlUion 
Passenger-Car Miles of Travel Involved In* 

Age of Passenger Car 
(yr) 

Accident Accidents Only Accidents Accidents Fatal-
In jury 

Accidents 

Nbn-Fatal-
In jury 

Accidents 

Property 
Damage-Only 

Accidents 

Age of Passenger Car 
(yr) 

Number 
Percent 
of Total 

Percent 
Number of Total 

Percent 
Number of Tbtal Number 

Percent 
of Total 

Fatal-
In jury 

Accidents 

Nbn-Fatal-
In jury 

Accidents 

Property 
Damage-Only 

Accidents 
A l l 

Accidents 

Under 2 
2 - 4 
4 - 8 
8 and older 

es 
94 

101 
83 

19.2 
27.3 
29.4 
24.1 

10,403 19.2 
1S,311 28.2 
10,762 30.9 
11.784 21.7 

31,162 18.6 
47,375 28.3 
51,927 31.0 
36.901 22.1 

41,631 
62,780 
68,790 
48.858 

18.7 
28.3 
31.0 
22.0 

2 .0 
2.8 
3.2 
4.7 

312 
452 
533 
668 

936 
1,397 
1,652 
2.007 

1,250 
1,852 
2,189 
2.770 

Total 344 100.0 54,260 100.0 167.455 100.0 222.058 lOO.O 3.0 467 1.440 1.910 
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NUMBER OF TRUCKS INVOLVED I N MOTOR-VEHICLE TRAFFIC ACCIDENTS AND THE RATE PER 100 M I L U O N TRUCK-MILES, 
CLASSIFIED BY AGE OF TRUCK AND SEVERITY OF ACCIDENT 

Trucks Involved in : 

Age of Truck 
(yr ) 

Fatal-Injury 
Accidents 

Non-Eatal-Injury 
Accidents 

Prpperty-Dunage-
Only Accidents 

— 3 5 n — 
Accidents 

Percent Pexvent 
Number o l Toln l Number of Total 

Percent 
of Total Number 

Percent 
olTtotal 

Number of Trucks per 100 HBlIlon 
Truck-MUes of Travel involved In: 

- Fatal- Non-Fatal- Property-
In ju ry In ju ry DamaKe-Only AU 

Accidents Accidents Accidents Accidents 

Under 2 19 23.2 705 15.6 4,080 18.9 4,604 18.7 5.4 200 1,150 1,355 
2 - 4 13 15.9 959 21.3 4,749 19.6 5,721 19.9 3.3 242 1,200 1,488 
4 - 8 28 34.1 1,881 41.7 9,395 38.8 11,304 39.2 3.5 237 1,182 1,442 
8 and older 22 38.8 984 21.4 5.981 24.7 6.987 24.2 4.4 195 1.209 1.408 

Total 82 100.0 4.509 100.0 24.205 100.0 38.798 100.0 4.0 223 1.186 1.412 

In contrast, 28,796 trucks were involved in 27,041 accidents during 1955. Classified 
by severity there were 82 involvements in 77 fatal accidents, 4,509 involvements in 
4,344 non-fatal-injury accidents, and 24,205 involvements in 22,648 property-damage-
only accidents. The ratio of truck involvements to accidents is almost 1.1 to 1 (28, -
796 to 27,041), whereas the corresponding ratio for passenger cars was 1.7 to 1 (222, -
059 to 131,536). 

The influence of age on the involvement rates of passei^er cars and trucks is shown 
in Figure 3 for all accidents. In the case of passenger cars the rate increased steadily 
with age. The rate for passenger cars, 8 years and older, was more than twice that 
for cars under 2 years of age. This can be construed as a strong argument for vehicle 
inspection even though there are factors other than mechanical condition contributing 
to the situation. With respect to involvement rates, trucks appear to be ageless, there 
being no significant trend upward with age. Although the involvement rate for passenger 

1 

O 

Rate for all passenger cars : 1,910 
Rate for all trucks : 1,412 

Under 2 2 - 4 4 - 8 

AGE OF VEHICLE (years) 

8 and older 

F i g u r e 3» Comparison o f i n v o l v e m e n t r a t e s p e r 100 m m i o n v e h i c l e - m i l e s o f t r a v e l f o r 
passenger c a r s and t r u c k s b y age o f v e h i c l e . 
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cars is generally higher than that for trucks, the rates are approximately the same for 
the group of vehicles under 2 years of age. 

The characteristic of age established in Figure 3 for all accidents holds for all the 
severity classes except for the fatal-injury accidents. Throughout the report it will 
be seen that this class of accident has distinct characteristics in relation to the other 
two classes. Because of the difference, the fatal-injury class is considered separately 
in Figure 4. Just as for all accidents, the fatal involvement rate for passenger cars 
increased with age. The difference was that the fatal involvement rate for trucks also 
Increased with age, if the vehicles under 2 years of age are ignored. An important 
point is that the fatal rate for trucks is almost 3 times that for passenger cars for the 
vehicles less than 2 years of age. For other than the newest age group, the great dif­
ference in involvement rate between passenger cars and trucks observed in Figure 3 
for all accidents is not evident for the fatal involvement. It is to be kept in mind that 
the number of fatal-injury accidents in proportion to the total is so small that their ef­
fect on the involvement rate or costs per mile for all accidents is very insignificant. 

The relationship between accident cost per vehicle-mile and age of vehicle for each 
severity class of accident and for all accidents is shown in Figure 5 for passenger cars, 
and in Figure 6 for trucks. A comparison of the two figures which are drawn to the 

Q 

Fatal rate for all passenger cars 
Fatal rate for all trucks : 4.0 

: 

Under 2 2 - 4 4 - 8 

AGE OF VEHICLE (years) 

8 and older 

F i g u r e k. CompEirison o f f a t a l - I n j u r y a c c i d e n t i n v o l v e m e n t r a t e s p e r 100 m i l l i o n 
v e h i c l e - m i l e s o f t r a v e l f o r passenger c a r s and t r u c k s b y age o f v e h i c l e . 
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F i g u r e 5 . Comparison o f c o s t p e r m i l e f o r passenger c a r s b y s e v e r i t y o f a c c i d e n t and 
age o f c a r . 

TOTAL DUIECT COST OF MOTOR-VEHICLE TRAFFIC ACCIDENTS INVOLVING PASSENGER CARS AND THE ACCIDENT COST 
PER MILLION PASSENGER CAR-MILES, CLASSIFIED BY AGE OF CAR AND SEVERITY OF ACCIDENT 

CoBt per Mi l l i on Pusenger 

Age of 
Passenger Car 

Fatal-Injury 
Accidents 

Non-Fatal-Injury 
Accidents 

Property-Damage-
Only Accidents 

AU 
Accidents 

Amount Percent 
of Total 

Amount 
($) 

Percent 
of Total 

Amount 
($) 

Percent 
of Total 

Amount Perc ent 
( t ) o l T o M 

Car-Miles of Travel of: 

Fatal- Non-Fatal- Property 
Injury Injury Damage-Only A l l 

Accidents Accidents Accidents Accidents 
($) ($) ($) ($) 

103 1,673 1,317 3,093 
150 2,565 2,143 4,858 
147 2,550 1,910 4,607 
186 3.631 1.270 5,087 

141 2,467 1,711 4,319 

Under 2 
2 - 4 
4 - 8 
8 and older 

343,730 
507,170 
462,820 

20.9 
30.9 
28.2 
20.0 

5,572,710 
8,695,640 
8,015,350 
6.403.750 

19.4 
30.3 
28.0 
22 3 

4,388,040 22.0 
7,264,870 36.5 
6,001,250 30.2 
2.240.140 11.3 

10,304,480 20.5 
16,467,680 32.8 
14,479,420 28.8 
8.971.920 17.9 

Total 1.641.750 100.0 28.687.450 100.0 19.894.300 100.0 50.223.500 100.0 



30 

0 . 5 5 

0 . 5 0 

0 . 4 5 

0 . 4 0 

H 

8 

0 . 3 5 

0 . 3 0 

0 . 2 5 

0 . 2 0 

0.15 

0 .10 

0 . 0 5 

F a t a l i n j u r y N o n f a t a l i n j u r y P r o p e r t y - d a m a g e 
o n l y 

A l l a c c i d e n t s 

S E V E R I T Y O F A C C I D E N T 

F i g u r e 6. Comparisons o f c o s t p e r m i l e f o r t r u c k s 
t r u c k . 

•by s e v e r i t y o f a c c i d e n t and age o f 

TOTAL DIRECT COST OF MOTOR-VEHICLE TRAFFIC ACCIDENTS INVOLVING TRUCES AND THE ACCIDENT COST PER M I L U O N 
TRUCK-MILES, CLASaFIED BY AGE OF TRUCK AND SEVERITT OF ACCIDENT 

Cost of: 
Cost per Mi l l ion Truck-

Ul les nt Trave l of: 

Age of Truck 
(yr) 

Fatal-Injury 
Accidents 

Non-Fatal-Injury 
Accidents 

Praperty-Damage-
Only Accidents 

A l l 
Accidents Fatal-

Injury 
Accidents 

($) 

Non-Fatal-
Ih jury 

Accidents 
( t ) 

Property-
Damage-Only 

Accidents 
($) 

AU 
Accidents 

» ) 

Age of Truck 
(yr) 

Amount Percent 
( t ) of Total 

Amount Percent 
($) of Total 

Amount 
» ) 

Percent 
of Total 

Amount Percent 
($) of Total 

Fatal-
Injury 

Accidents 
($) 

Non-Fatal-
Ih jury 

Accidents 
( t ) 

Property-
Damage-Only 

Accidents 
($) 

AU 
Accidents 

» ) 

Under 2 
2 - 4 
4 - 8 
8 and older 

136,700 24.5 
81,820 14.6 

206,370 36.9 
133.950 24.0 

266,300 9.6 
541,170 19.6 

1,526,680 55.1 
435.080 15.7 

290,980 
273,330 
612,510 
269,180 

20.1 
18.9 
42.4 
18.6 

693,560 14.5 
896,320 18.8 

2,345,560 49.1 
838.150 17.6 

385 
207 
260 
271 

751 
1,368 
1,920 

879 

819 
691 
771 
544 

1,955 
2,265 
2,951 
1.604 

TWal 558.840 100.0 2.769.170 100.0 1.445.580 100.0 4.773.590 100.0 274 1.357 709 2.340 
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same scale vividly demonstrates the greater cost per mile of passenger car accidents. 
Although not as pronoimced as for involvement rates the cost per mile for passenger 

cars tends to increase with age for all accidents, for the fatal-injury, and for the non-
fatal-injury. The cost per mile for property-damage-only accidents drops off for the 
older vehicles for both passei^er cars and trucks. This undoubtedly reflects the re­
duced value of the older vehicles involved. Also the cost rate for the oldest group of 
trucks drops off sharply for the non-fatal-injury class. 

The fact that the total direct cost of non-fatal-injury accidents was almost 60 per­
cent of the total cost of all accidents for both passenger cars and trucks, of course in­
fluences greatly the pattern of cost per mile for all the accidents. 

TYPE OF TRUCK 
It was not practical to classify passenger cars by different body types. However, 

trucks were classified into 5 groups: 2-axle, 4-tire panel and pickup trucks; all other 
2-axle, 4-tire trucks; 2-axle, 6-tire trucks; 3-axle trucks; and truck-tractor semi­
trailer combinations. The truck-tractor semitrailer combinations ranged from 3- to 
5-axle units. Because there appeared to be no significant difference in the accident 
experience of these combination imits due to axle arrangement they were treated as a 
single classification. Truck and full trailer combinations are illegal in Massachusetts 
and therefore were not represented in the sample. 

Table 6 gives the number and travel characteristics of the types of trucks imder 
consideration. During 1955 there were 179,610 trucks registered in Massachusetts. 
The largest single class of trucks in the Commonwealth was 2-axle, 4-tire panel and 
pickup trucks, ofwhich there were 77,180or43. Opercentofthetotaltruckpopulation. These 

TABLE 6 
NUMBER OF TRUCKS REGISTERED IN MASSACHUSETTS DURING 1955 

AND THEIR TRAVEL CLASSIFIED BY TYPE OF TRUCK 

Vehicle Travel 
Nimiber Percent Total Percent Average 

Truck Type of of Mileage of Annual Truck Type 
Trucks Total (thousands) Total Mileage 

Single luiit trucks: 
Panels and pickups 77,180 43.0 758,139 37.2 9,823 
Other 2-axle, 4-tire 18,350 10.2 165,866 8.1 9,039 
2-axle, 6-tire 70,670 39.3 727,412 35.6 10,293 
3-axle 3,220 1.8 52,206 2.6 16,213 

Truck-tractor, 
semitrailer 10,190 5.7 336.473 16.5 33.020 

Total 179,610 100.0 2,040,096 100.0 11.358 

panels and pickups were driven 758,139,000 ml or 37.2 percent of the total-truck-
miles of travel. Of almost equal magnitude were the 2-axle, 6-tire single imit trucks. 
Together these two constitute 82.3 percent of the total number and 72.8 of the vehicle 
travel. The combination units, although only 5.7 percent of the nimiber of trucks, 
travel 16.5 percent of the truck-miles. 

The usual summary data for the total number and direct costs of accidents by truck 
type are contained in Tables 7 and 8, respectively. Involvement rates are shown in 
Figures 7 and 8 and costs per mile in Figure 9. The rate for fatal-injury accidents is 
again treated separately in Figure 8. 

The second classification of trucks, all other 2-axle, 4-tire trucks, have a dis­
proportionate share of the involvements and costs compared to the vehicles registered 
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NUMBER OF TRUCKS INVOLVED IN HOTOR-VEHICLE TRAFFIC ACCIDENTS AND THE RATE PER 100 M L U O H 
TRUCK-MILES, CLASSIFIED BY TRUCK TYPE AMD SEVERITY OF ACCIDEMT 

Trucks Involved in 

T n e k T ^ 

Fatal-Injury 
Accidents 

Non-Fatal-Lijury 
Aeeldente 

Property-Damage-
Only Aeeldenta 

AU 
Accidenta 

Number of Trucks per 100 Million Truck-
Hiles of Travel Involved in. 

Fatal- Non-Fatal- Property-
Percent Percent Percent Percent Injury Injury Damage-Only A l l 

Number of Total Number of Total Number of Total Number of Total Accidenta Accidenta Accidenta Accidental 

Single umt tmeks: 
Rinels and pickups 19 23.2 1,982 43.9 8,946 36.9 10,947 38.0 3.5 261 1,180 1,444 
Other 2-ax]£, 4-tire 14 17.1 395 8.8 3,097 12.8 3,506 18.2 8.4 238 1,867 2,114 
2-azle, e-tlie 30 36.1 1,683 37.3 8,691 35.9 10,404 36.1 4.1 231 1,195 1,430 
3-azle 1 1.2 45 1.0 472 2 0 518 1.8 1.9 86 904 992 

Truck-tractor-semi­
trailer 18 31.9 404 9.0 2.999 12.4 3.421 11.9 5.3 120 891 1.017 

Total 82 im.o 4,509 IW.O 24.205 100.0 28.196 100.0 4.0 221 1.186 1.412 

TOTAL DIBECT COffT OF MOTOR-VEHICLE TRAFFIC ACCIDENTS INVOLVING TRUCKS AND THE ACCTOENT COST PER M L U O N 
TRUCK-MILES CLASSIFIED BY TRUCK TYPE AND SEVERITY OF ACCIDENT 

Cost per Mil l ion Truck-
Cost of: Miles of Travel of. 

Truck Type Fatal-Iiqury 
Accidents 

Non-Fatal-bijury 
Accidents 

Froperty-Damage-
Onlr Accidents 

AU 
Accidents 

Amount Percent 
($) of Total 

Amount 
($) 

Percent 
of Total 

Amount 
( t ) 

Percent 
of Total 

Amount 

Fatal- Non-Fatal- Property-
Injury Injury Damage-Only A l l 

Percent Accidenta Accidenta Accidenta Accidenta 
o f l b t a l ( t ) a ) ($) » ) 

Single unit trucks. 
Panels and pickups 
Other 2-axle, 4- t i re 
2- azIe, 8-t ire 
3- axle 

Truck-t ractor-semi-
t ra i l e r 

114,510 
88,320 

210,260 

20.5 
15.8 
37.6 

1,050,880 
315,710 

1,256,550 
13,410 

37 9 
11.4 
45.4 

0.5 

145,750 26.1 

767,860 
107,340 
414,470 

6,360 

149. 550 

53.1 
7.4 

28.7 
0.5 

1,933,250 
511,370 

1,881,280 
19,770 

427.920 

40.5 
10.7 
39.4 

0.4 

151 
532 

1,386 
1,903 
1,727 

257 

1,013 
647 
570 
122 

2,550 
3,083 
2,586 

379 

1.272 

558.840 100.0 2.769.170 100.0 1.445.580 100.0 4.773.590 100.0 1.357 

and miles traveled by this class. They generally have the highest involvement and cost 
rates of any type of truck. There were 18,350 vehicles of this type registered in 
Massachusetts during 1955. This 10.2 percent of the total registered trucks accounted 
for 8.1 percent of the total truck mileage, 12.2 percent of the involvements, and 10.7 
percent of the direct costs. 

The involvement rate per 100 million miles of travel for this class of truck was 
8.4 for fatal, 238 for non-fatal-injury, and 1,867 for property-damage-only accidents. 
The involvement rate for all accidents was 2,114, which was 50 percent greater than 
the average rate of 1,412 for trucks of all types. The fatal-injury involvement rate 
was more than 3 times that of 2-axle panels and pickups. 

From Rgure 9 the accident cost per mile for all other 2-axle, 4-tire trucks was 
0.053 cent for fatal injury, 0.190 cent, for non-fatal-injury, and 0.065 cent for pro­
perty-damage-only accidents or a total cost of 0.308 cent per mile. The rate for the 
fatal-injury class is more than 3 times that for panels and pickups and twice the aver­
age cost rate of 0.027 cent for fatal-injury accidents for all trucks. The non-fatal-in­
jury rate is 40 percent greater than the average non-fatal-injury cost rate of 0.136 for 
all trucks. Only for property-damage-only involvements was the cost rate less than the 
average for all trucks. The total cost rate for this truck type was 32 percent greater 
than the average cost rate of 0.234 cent for all trucks. The average cost rates for all 
trucks are given in the totals in Table 8. 

In the order of appearance in Rgures 7, 8, and 9 the first type (panels and pickups) 
and the third type (2-axle, 6-tire) appear generally to have about the same involvement 
rate and cost per mile. For all accidents the involvement rates (Fig. 7) were 1,444 
and 1,430, respectively. From Figure 9 the cost in cents per mile was 0.255 for panels 
and pickups and 0.259 for 2-axle, 6-tire trucks; these two groups of vehicles which 
constituted 82.3 percent of the total registration accounted for 79.9 percent of the total 
direct cost of truck accidents. 

Considering the fatal-injury class of accidents shown in Figure 8, the involvement 
rate for the panel and pickups was 2.5 which was considerably less than the average 
rate of 4.0 for all trucks. The same rate for the 2-axle trucks (6-tire) was 4.1 and 
is the third highest of the five vehicle types. 
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The fourth class of trucks, 3-axle trucks, constituted only 1.8 percent or 3,220 of 
all trucks registered in Massachusetts during 1955, and accounted for exactly the same 
percentage of the total number of accidents. The total cost of accidents for this group 
•was only 0.4 percent of the total cost of accidents for all trucks. 

The nimiber of 3-axle trucks Involved in accidents per 100 million miles of travel 
by this group was 992. Classified by severity, this involvement rate was 1.9 of these 
trucks in fatal-injury accidents, 86 in non-fatal-injury accidents, and 904 in accidents 
resulting In property-damage-only. These were, in general, the lowest rates for any 
of the five truck classifications under consideration. Similarly, the cost in cents per 
mile (Fig. 9) was the lowest by far for any of the five types of trucks in all severity 
classes. These cent-per-mile rates were 0.026 for non-fatal-injury, 0.012 for pro­
perty-damage-only, and 0.038 for all accidents. There were no costs connected with 
the single reported involvement in a fatal accident. 

The data for the fifth and final type of truck, the truck-tractor semitrailers, offered 
a study of contrasts. Although only 5.7 percent of the trucks registered, these vehicles 
were responsible for 11.9 percent of all trucks involved in traffic accidents, and 9.0 
percent of the total direct cost of all truck accidents. On the other hand, the rates of 
involvement and cost per mile for all except the fatal-injury accidents were below the 
average values for all trucks. 
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A study of the total cost of accidents for truck-tractor semitrailers by severity 
class indicates that fatal-injury accidents accoimt for 34.1 percent, non-fatal-injury 
accidents for 31.0 percent, and property-damage-only accidents for 34.9 percent of 
the total costs incurred. In contrast, considering the total direct cost for all truck 
accidents, fatal-injury accidents account for only 11.7 percent of the total cost, where 
non-fatal-injury accidents and property-damage-only accidents account for 58.0 per­
cent and 30.3 percent, respectively. 

In this connection, i t is of interest to note that the combined cost of fatal and non-
fatal-injury accidents of truck-tractor semitrailers was 65.1 percent of the total cost 
of accidents for this class of vehicle, whereas for all single-unit trucks the combined 
fatal and non-fatal-injury cost was 70.2 percent of the cost of all single-unit truck ac­
cidents. The difference results from the different proportion of fatal and non-fatal-
injury accidents and cost experience of such accidents for these classes of trucks. 

This disproportionate cost of the fatal-injury accidents of truck-tractor semitrailers 
is accentuated by the fact that the average cost of a fatal-injury accident for this group 
was $8,100 as compared to an average cost of $6,450 for a fatal-injury accident of a 
sii^le-unlt truck. In addition to higher cost for fatal-injury accidents, one out of every 
190 truck-tractor, semitrailer involvements was fatal whereas only 1 in every 409 in­
volvements for single-unit trucks was fatal. 

When viewed with consideration given to exposure in truck-miles of travel, these 
higher percent^es of truck-tractor semitrailer involvements and costs are somewhat 
modified. The involvement rate for aU accidents was 1,017 per 100 million miles of 
travel for truck-tractor, semitrailer combinations. Classified by severity this rate 
was 5.3 fatal-injury, 120 non-fatal-injury, and 891 property-damage-only involvements 
per 100 million miles of travel. The cost of all accidents per mile of travel was 0.127 
cent. By severity class this cost rate was 0.043 cent for fatal-injury, 0.039 cent for 
non-fatal-injury, and 0.044 cent for property-damage-only accidents. It is evident 
from Figures 7 and 9 that these vehicles have involvement and cost rates well below 



35 

1 / T h e r e was no cost for the s ingle fatal 3-axle t ruck involvement 

K 0 . 1 6 

F a t a l in jury Nonfatal in jury Proper ty -damage- A l l accidents 
only 

S E V E R I T Y O F A C C I D E N T 

F i g u r e 9. Comparison o f t h e a c c i d e n t c o s t p e r m i l e o f t r a v e l b y t y p e o f t r u c k and 
s e v e r i t y o f a c c i d e n t . 

those of single unit trucks for non-fatal-injury and property-damage-only accidents. 
This'is also true for the involvement and cost rates for all accidents which were lower 
than those of any other type except 3-axle trucks. 

However, this is not so with regard to the fatal involvement and cost rates, as these 
rates for the combinations are considerably higher than those of single-unit trucks. 
The fatal involvement rate per 100 million miles was 5.3 for truck-tractor, semi­
trailer combinations, and 3.8 for all single-unit trucks. The cost of fatal accidents 
per mile of travel was 0.043 cent for the combinations compared to 0.024 cent for 
all single-unit trucks. 

It is apparent from the foregoing discussion that any total view of trucks involved in 
accidents and their costs is predominately weighted by the number of 2-axle, 4-tire 
panel and pickup trucks and 2-axle, 6-tire trucks, which comprised 82.3 percent of 
the vehicles registered, 72.8 percent of the total truck-miles of travel, 74.1 percent 
of the total number of involvements, and 79.9 percent of the total direct costs. Thus, 
these two classes of trucks dominate the total involvement and total cost rates on any 
basis. The combinations play a rather important part in the total cost in relation to 
the number r^stered, but the large average annual mileage of this group tends to 
offset their disproportionate costs when viewed on an eaqposare basis. 

REGISTERED GROSS WEIGHT 
The analysis to this point has considered the relationship of truck and passenger-

car accident costs, and the variation of truck accident costs with age of vehicle and 
type of vehicle classified by axle arrangement. Another relationship of interest 
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particularly for economic analysis is that which exists between accident cost and regis­
tered gross weight. 

Of the 179,610 trucks registered in Massachusetts during 1955, 100,940 or 56.2 
percent were registered under 8, 500 lb gross vehicle weight. The remainder were dis­
tributed 36,340 or 20.2 percent between 8, 500 and 16,499 lb, 19,050 or 10.6 percent 
were between 16,500 and 24,499 lb, 9,540 or 5.3 percent were between 24,500 and 
36,499 lb, and the 13,740 or 7.7 percent were 36,500 lb and over. 

In addition to the registration data, Table 9 gives the vehicle travel for each group 

TABLE 9 
NUMBER OF TRUCKS REGISTERED IN MASSACHUSETTS DURING 1955 AND 

THEIR TRAVEL CLASSIFIED BY REGISTERED GROSS VEHICLE WEIGHT 

Vehicle Travel 
Gross Vehicle Weight 

(lb) 
Nimiber 

of 
Trucks 

Percent 
of 

Total 

Total 
Mileage 

(thousands) 

Percent 
of 

Total 

Average 
Annual 
Mileage 

8,499 and imder 100,940 56.2 949,636 46.5 9,408 
8,500 - 16,499 36,340 20.2 333,960 16.4 9,190 

16,500 - 24,499 19,050 10.6 224,139 11.0 11,766 
24, 500 - 36,499 9,540 5.3 132,603 6.5 13,900 
36, 500 and over 13,740 7.7 399,758 19.6 29,094 
Total 179.610 100.0 2,040,096 100.0 11.358 

of registered gross vehicle weight. It is important to notice for future consideration of 
involvement and cost rates that the annual average mileage increases with registered 
weight. The increase between the last two weight groups is particularly significant. 
Trucks in the heaviest weight group traveled more miles in a year than those in any 

NUMBER OF TRUCKS INVOLVED IN MOTOR-VEHICLE TRAFFIC ACCIDENTS AND THE HATE PER 100 MILUON TRUCK-MILES, 
CLASSIFIED BY REGISTERED GROSS VEHICLE WEIGHT AND SEVEBITY OF ACCIDENT 

Gross Vehicle 
Weiglit (lb) 

Fatal-Injury 
Accidents 

Non-Fatal-In]ury 
Accidents 

Trucks InvolTed in: 
Property-Damage-
Only Accidents 

AU 
Accidents 

Number of Trucks per 100 Million Truck-
MUes of Travel Inrolved in 

Percent 
of Total Number 

Percent 
of Ttotal Number 

Percent 
of Total Number 

Percent 
of Total 

. Fatal-
Injuiy 

Accidents 

Nou-Fital-
Ihjury 

Accidents 
D ^ ^ e ^ y AU 

Accidents Accidents 

8,499 and under 
8,500- 16,499 

16,500 - 24,499 
24,500 - 36,499 
36,500 and over 
Unknown 

41 
13 
7 
4 

13 
4 

50.0 
15.8 
8 5 
4.9 

15.9 
4.9 

2,662 
722 
416 
245 
387 

77 

59.1 
16.0 
9.2 
5.4 
B.6 
1.7 

11,001 
4,998 
3,289 
2,084 
2,562 

271 

45.5 
20.6 
13.6 
8.6 

10.6 
1 1 

13,704 
5,733 
3,712 
2,333 
2,962 

3 M _ 

47.6 
19.9 
12.9 
8.1 

10.3 
1.2 

4.3 
3.9 
3.1 
3.0 
3 3 

280 
216 
186 
185 
97 

1,158 
1,497 
1,467 
1,572 

641 

1,443 
1,717 
1,656 
1,759 

741 

Total 100.0 100.0 24.205 100.0 28.796 100.0 l . « " 

TABLE 11 
TOTAL DIRECT COST OF MOTUR-VEHICLE TRAFFIC ACCIDENTS INVOLVING TRUCKS AND THE ACCIDENT COST PER MILUON 

TRUCK-MILES, CLASSFIED BY REGISTERED GROSS VEHICLE WEIGHT AND SEVEBITY OF ACCIDENT 

Gross Vebicle 
Weiglitab) 

Cost per Million Truck-
Miles of Travel of' 

Fatal-Injury 
Accidents 

Non-Fatal-Injury 
Accidents 

Property-Damage-
Only Accidents 

AU 
Accidents Fatal-

Injury 
N o n - I ^ - Property-

Injury Damage-Only 
Amount Percent Amount Percent Amount Percent Amount Peicent Accidents Accidents Accidents Accidents 

($) of Total <«) of Total » ) of Total » ) of Tbtal » ) ($) ( t ) (») 

8» ttS and under 268,040 48.0 1,915,460 69.1 872,060 60.3 3,055,560 64.0 282 2,017 918 3,218 
8.500 - 18.499 130,990 23.4 378, 530 13.7 242,910 16.8 752,430 15 8 392 1,133 727 2,253 

18.500 - 24,499 19,990 3.6 209,950 7.6 126,920 8 8 356,860 7.5 89 937 566 1,592 
24.500 - 38, « 9 46,900 8.4 71,600 2.6 73,110 5.0 191,610 4.0 354 S4u 551 1,445 
38,500 and over 78,310 14.0 143,270 5.2 122,160 8.5 343,740 7.2 196 358 306 860 

Unknown 14,610 2.6 50,360 1.8 8,420 0.6 73,390 1.5 - - - -
Total 558,840 100.0 2,769,170 100.0 1,445,580 100.0 4,773,590 100.0 274 1,357 709 2,340 
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other group except those registered under 8,500 lb. Light trucks have often been com­
pared to passenger cars because of many similar vehicle characteristics. One of these 
similarities is average annual travel per vehicle. The average annual travel of pas­
senger cars and that of light trucks are approximately equal. Passenger cars averaged 
9,380 mi of travel annually and light trucks averaged 9,408 mi of travel annually. By 
comparing the involvement rate of 1,910 per 100 million vehicle-miles of passenger 
cars with the involvement rate of 1,443 for light trucks i t may be seen that passenger 
cars are involved in 32 percent more accidents on a mileage basis. 

Table 10 gives the total number of trucks involved in accidents and the involvement 
rate in number per 100 million miles of travel for each gross weight group by severity 
of accident. When the proportion of heavy trucks involved in accidents is compared 
with the proportion of heavy trucks in the total truck registration, the comparison pre­
sents a somewhat unfavorable picture for heavy trucks. For example, in the 36, 500 lb 
and over group, the percentage registered was 7.7, and the percentage involved in 
accidents was 10.3. Data on the costs of accidents, arranged in a similar manner in 
Table 11, show that the reverse is true. Here the percentage of the total accident cost 
was 7.2 for the heaviest weight group. 

The involvement rates for fatal-injury accidents are shown separately from the other 
severity class in Figure 10, and appear to decrease with registered weight over the 
range covered by the first three groups and then tend to level off. In Table 10 i t was 
seen that the proportion of the total vehicles in the heaviest group involved in fatal-in­
jury accident was high in comparison to the proportion of vehicles in the other groups 
so involved. This group had one vehicle In fatal accident for every 30 vehicles in non­
fatal accident where the average rate for the other trucks was 1 in 62. On an exposure 
basis, the vehicles registered in the heaviest group have a favorable involvement rate. 
It was 3.3 per 100 million miles of travel as compared to a rate of 4.0 for the remainder 
of the trucks. 
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Fata l ra te f o r a l l t r ucks : 4 . 0 
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24,500 to 36,500 
36,499 over 

GROSS V E H I C L E WEIGHT ftwunds) 

F i g u r e 1 0 . Compaxison o f t r u c k i n v o l v e m e n t r a t e p e r 100 m i l l i o n t r u c k - m i l e s o f t r a v e l 
i n f a t a l a c c i d e n t s b y g r o s s v e h i c l e w e i g h t . 
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Nonfatal injury Property-damage 
only 

All accidents 

SEVERITY OF ACCIDENT 
F i g u r e 1 1 . Ccmpar ison o f n o n - f a t a l i n j u r y , p r o p e r t y - d a m a g e - o n l y and a l l a c c i d e n t i n ­

v o l v e m e n t r a t e s p e r 100 m i l l i o n t r u c k - m i l e s o f t r a v e l b y g ros s v e h i c l e w e i g h t . 

The involvement rates for the other two severity classes and for all the accidents 
are shown in Figure 11. In the case of non-fatal-injury accidents, the rates decrease 
with registered weight. However, for the property-damage-only accidents the tendency 
is for an increase with weight excepting the last group of heavier vehicles for which the 
rate drops off sharply to less than one-half that for the other groups. The property-
damage only involvement rate was 641 for heavy trucks and 1,303 for all other trucks. 
The rate for all accidents, regardless of severity, is 741 for heavy trucks and is 1,554 
for all other trucks, which is clearly twice as bad as the record of the heaviest trucks 
on the basis of exposure. 

A look at accident cost rates per mile of travel (Fig. 12) will show similar favorable 
rates for the heaviest trucks in contrast to the cost rates for the trucks in the other 
weight groups. For non-fatal-injury accidents the cost rate of 0.036 cent per mile for 
heavy trucks was about one-fourth of the cost rate of 0.157 for all other trucks in ac­
cidents of comparable severity. The property damage-only cost rate was 0.031 cent 
per mile for heavy trucks and 0.080 for all other trucks. The cost rate for all ac­
cidents was 0.086 cent per mile for heavy trucks, which was about one-third of the cost 
rate of 0.266 for all other trucks. 

A most significant result of the report is the very definite decrease of accident cost 
per mile of travel with increase of registered gross vehicle weight. This is the first 
time such data has become available. With reference to the results for all accidents 
in Figure 12, the cost rate ranges from 0.322 cent per mile for the lightest group to 
0.086 cent per mile for the heaviest group. 
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F i g u r e 1 2 . Comparison o f t h e a c c i d e n t c o s t p e r m i l e o f t r a v e l b y g r o s s v e h i c l e w e i g h t 
and s e v e r i t y o f a c c i d e n t . 

SUMMARY OF FINDINGS 
It should be clearly understood in considering the reported results that they are based 

only on data for Massachusetts. Whether or not the same patterns and trends will hold 
for other states will be determined by studies now under way and planned for the future. 

1. The cost of accidents per mile of travel for passenger cars is nearly double that 
of trucks, with the exception of cost per mile for fatal accidents. 

2. Both the involvement rate and accident cost per mile for passenger cars increases 
with the age of the car. The same is not true of trucks. 

3. Panels and pickups, together with 2-axle, 6-tire trucks, constitute 5 out of every 
6 trucks registered and thus dominate the involvement and accident cost picture. 

4. Truck-tractor semitrailers had the best accident record when viewed from ex­
posure with the sole exception of a high fatal involvement rate and fatal cost per mile. 

5. The most important of all the relationships discovered with r ^ r d to registered 
gross weight from the stanc^int of economic analysis of accidents was the decrease of 
accident cost per mile as the gross weight increased. 

6. The involvement rate and cost per mile of the heaviest group of trucks were favor­
able when compared-to those of all other trucks. This may well be the most significant 
findii^ of this report. 



Economic Cost of Traffic Accidents in 
Relation to the Human Element 
ROBIE DUNMAN, Transportation Economist, Division of Traffic Operations, 
U.S. Bureau of Public Roads, Washington, D.C. 

Extensive use of traffic accident cost data developed by the 
Massachusetts Department of Public Works and by the Massa­
chusetts Registry of Motor Vehicles in cooperation with the 
U. S. Bureau of Public Roads was made in the Congressional 
report, "The Federal Role in Highway Safety." (House Docu­
ment No. 93, 86th Congress, 1st Session, 1959.) These data 
have also been used as the basis of other reports relating 
economic costs to accident types, characteristics of the 
street and highway systems, and to the characteristics of 
motor vehicles. This article, using data from the same 
source, relates the economic cost of motor-vehicle traffic 
accidents to persons. 

Comparisons involving passenger cars of Massachusetts 
registry in 1953 are made of the accident experience of auto­
mobile drivers, passengers, pedestrians, and other persons 
involved in motor-vehicle traffic accidents. The number of 
accidents, the number of persons involved, the number of 
persons injured fatally, seriously, and superficially, the 
number hospitalized, and the number permanenUy and tem­
porarily disabled are discussed. Equally important, the 
cost of accidents and injuries is revealed. 

Injury rates and injury cost rates, number of persons 
injured per 100,000 population, and the per capita cost of 
their injuries show the relative economic importance of 
the accidents and injuries experienced by each class of 
persons. 

The Massachusetts study of the economic cost of 
motor-vehicle accidents encompassed the total driving ex­
perience of all licensed operators of passenger cars and 
cargo-carrying vehicles of Massachusetts registry including 
those who experienced accidents and those who did not, in 
the operation of passenger cars during 1953, within or outside 
the state, and in the operation of cargo-carrying vehicles dur­
ing 1955. However, the discussion in this paper is confined 
to the accident experience of Massachusetts licensed pas­
senger-car operators and persons in motor-vehicle traffic 
accidents involving passenger cars on public streets and 
highways of the state. This paper excludes accident e:q)eri-
ence of truck operators, the number and cost of accidents 
occurring on private property, and the number and cost of 
mishaps involving acts of vandalism and acts of God. 

©STATISTICAL STUDIES of the motor-vehicle accident costs were based on the 
probability sample designed to be accurate within 10 percent. To determine the num­
ber of persons involved in fatal accidents, original accident reports were reviewed and 
the number of persons reported represents a firm figure. The nimiber of drivers in-

ho 
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volved in non-fatal-injury and property-damage-only accidents was unavoidably 
slighUy inflated because a driver who was involved in more than one accident during 
the year was counted as one driver each time he was involved in an accident. The 
number of passengers involved in accidents was estimated on the basis of an average 
passenger-car occupancy of 1.6 persons. The numter of pedestrians and "other" per­
sons non-fatally injured, however, was obtained from the original accident reports. 

Costs reflected in this article are direct costs and consist exclusively of the money 
value of damage to property, injuries to persons, worktime lost, loss of use of vehicle, 
legal and court costs, damage awards in excess of actual cost, and small miscellaneous 
items. The number of persons losing worktime includes only those employed in gainful 
occupations. The number of workdays lost includes time lost for treatment of injuries, 
for convalescence, and for setUement of claims. 

The activity class, "others," used throughout this article, consists of persons using 
conveyances other than motor-vehicles—such as bicycles, horsedrawn vehicles, and 
trolley cars. 

Physical injury that impaired earning capacity is referred to as disability. The 
degree of disability as used is a measure of the extent to which persons injured in 
motor-vehicle traffic accidents were handicapped in making a living. There are two 
classes of disability—temporary disability and permanent disability. Under the tem­
porary disability class, there are two degrees of disability—total and partial. The 
degree of permanent disability is expressed in percentages of 25, 50, 75, and 100. 

The data regarding persons permanentiy and temporarily disabled as a result of 
motor-vehicle traffic accidents in Massachusetts appeared to be incomplete and there­
fore not usable in this analysis. However, rather than include no information on this 
important part of the problem, an approximation was derived by applying to the num­
ber of persons Injured in Massachusetts, the percentage of persons injured that were 
disabled in the State of Utah, where a similar study was being conducted. 

PERSONS IN ACCIDENTS 
In 1953, the population of Massachusetts was 4, 773,000. Of tiiis total, 362,280 

persons were involved in 131,536 motor-vehicle traffic accidents. Table 1 gives the 
number of accidents and their severity, the number of persons in accidents, the 
severity of their injuries, and their activity at the time of the accident. 

TABLE 1 

NUMBER OF PERSONS IN T R A F H C ACCIDENTS INVOLVING PASSENGER CARS, CLASSinBD BY 
SEVERITY OF ACCIDENT AND ACTIVITY 

Severity of Accident 

Fatal Non-Fatal Injury Property-Da mage Only AU Accidents 
Item of Comparison Number Percent 

of Total 
Number Percent 

of Total 
Number Percent 

of Total 
Number Percent 

of Total 
Involvements: 

Severity of injuries: 
421 Persons fatally injured 421 58.6 421 0.1 

Persons non-fatally in­
jured 168 23.4 44,883 47.9 45,051 12.4 

Persons not injured 129 18.0 48,751 52.1 267,928 100.0 316,808 87.5 
Total persons In­

volved 718 100.0 93,634 100.0 267,928 100.0 362,280 100.0 
Activity of persons: 

Drivers 344 47.9 54,260 57.9 167,455 62.5 222,059 61.3 
Passengers 206 28.7 32, 556 34.8 100,473 37.5 133,235 36.8 
Pedestrians 158 22.0 5,735 6.1 5,893 1.6 
others 10 1.4 1,083 1.2 1,093 0.3 

Total persons in­
volved 718 100.0 93,634 100.0 267,928 100.0 362,280 100.0 

Accidents: 
Number of accidents 315 33,270 97,951 131,536 
Persons per accident 2.3 2.8 2.7 2.7 
Persons Injured per acci­

dent 1.9 1.3 0.3 
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The most significant point drawn from Table 1 was the great number of persons in­
volved and the relatively small number of persons killed and injured in motor-vehicle 
traffic accidents. The 362,280 persons involved in motor-vehicle traffic accidents 
durii^ 1953 represented one out of every 13 persons, or 7.6 percent of the total popu­
lation. However, of all the persons involved in motor-vehicle traffic accidents only 
45,472, or 12.5 percent, were either fatally or non-fatally injured. The vast majority 
of persons involved, 316,808 (87.5 percent), experienced no injury whatever. 

In the distribution of persons involved in motor-vehicle traffic accidents by their 
activity at the time of accident, there were more drivers involved in accidents than 
there were persons in the other three activity classes combined. Of the total persons 
involved in accidents 61.3 percent were drivers, 36.8 percent were passengers, 1.6 
percent were pedestrians, and 0.3 percent were others. 

An interesting distribution (Fig. 1) is the makeup of accidents of different severity. 
All persons in fatal-injury accidents were not killed and all persons in non-fatal-injury 
accidents were not injured. (For example, two cars, each with two occupants, may 
have collided. One occupant may have been fatally injured, another non-fatally in­
jured, and the other two occupants may have avoided injury entirely.) Of the 718 per­
sons involved in fatal-injury accidents, 59 percent were killed, 23 percent were non-
fatally injured, and 18 percent sustained no injuries whatever. Of the 93,634 persons 
involved in non-fatal-injury accidents, 48 percent were injured and 52 percent were 
not injured. 

In terms of number of accidents rather 
than involvement of persons, it may be 
noted from Table 1 that of the 131,536 ac­
cidents reported 75 percent were property-
damage-only accidents, and only 0.2 per­
cent were fatal-injury accidents. 
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Figure 1. Percentage distribution of per­
sons involved i n accidents, c l a s s i f i e d by 

severity of injury. 

PERSONS INJURED AND 
INJURY RATES 

In Table 2 i t is found that only 1 out of 
8 persons involved in motor-vehicle acci­
dents was injured and that more than one-
half of those injured were not seriously 
injured. In terms of numbers, there were 
421 persons fatally injured and 45,051 per­
sons non-fatally injured. Of the persons 
non-fatally injured 27,006 experienced 
only superficial injuries such as mild 
shock, bumbs, scratches, and bruises. 
The remaining 18,045 e3q)erienced serious 
injuries such as concussions, fractured 
bones, internal injuries, deep cuts, and 
dismemberment of body extremities. 

Data from Table 2 indicate that more 
than 1 out of every 3 persons killed in traf­
fic accidents was a pedestrian. It is sig­
nificant, too, that more passengers than 
drivers were kiUed in traffic accidents, 
since on the basis of average car occupancy 
of 1.6 persons, the relative exposare of 
drivers as compared to that of passengers 
was in a ratio of 5 to 3. As to the number of 
persons non-fatally injured in traffic ac­
cidents, drivers constituted approximately 
one-half of the total. 

In Figure 2, the fatal injury rate—persons fatally injured in traffic accidents per 
100,000 population—relates the high incidence of pedestrians and passengers in fatal 
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T A B U : 2 

N U M B E R O F P E R S O N S I N T R A F F I C A C C I D E N T S A N D N U M B E R P E R 100,000 P O P U L A T I O N , 
C L A S S I F I E D B Y S E V E R I T Y A N D A C T I V I T Y 

Activity of Persons 

Persons Injured 

Total 
Not 

Injured 

Total 
Involved 
In Acci ­
dents 

Activity of Persons FataUy Seriously 

Hon-Fatally 

Super­
ficially 

Total Total 
Injured 

Total 
Not 

Injured 

Total 
Involved 
In Acci ­
dents 

Involvements: 
Drivers 102 12,800 9,434 22,234 22,336 199,723 222,059 
Passengers 151 4,275 12,914 17,189 17,340 115,895 133,235 
Pedestrians 158 770 3,775 4,545 4,703 1,190 5,893 
Others 10 200 883 1,083 1,093 - 1,093 

Total persons 421 18,045 27,006 45,051 45,472 316,808 362,280 
Involvements per 100,000 

Drivers 2.1 
Passengers 3.2 
Pedestrians 3.3 
Others 0.2 

Total persons 8.8 

268 
89 
16 

5 
378 

198 
271 

79 
18 

566 

360 
95 
23 

944 

468 
363 

23 
953 

4,184 
2,428 

25 

6.637 

4,652 
2,791 

124 
23 

7,590 

TOTAL PERSONS FATALLY INJURED 
PER 100,000 POPULATION. B.8 

accidents. Figure 3 shows the rate 
at which persons in traffic accidents were 
seriously and superficially injured and g 
points up the superficial nature of the g 
majority of traffic accident injuries and | 
also shows that a much higher percent- | 
age of drivers were seriously injured g 
than any other activity group. Further- ° 
more, it shows that most pedestrians i 
not fatally injured were only superficially « 
injured. 

o 
Hi K 

Age and Sex of Persons Injured | ; 
Table 3 gives the number of persons 5 

and the number per 100,000 population ^ 
in each age and sex group that were in- S 
jured in traffic accidents, classified by S 
severity of injury. Of every 100,000 | 
persons in the state, 953 were injured " 
in a traffic accident during the year and ' 
the majority of those injured were male 
persons. A total of 25,579 males were 
fatally and non-fatally injured, or 1,107 Figure 2. 
males per 100,000 male persons. 

Categorized by age groups, more 
persons from 30 to 39 years of age were 
injured than in any other age group, and the next largest category was the 20-29 age 
group. Of all persons injured 43 percent were in these two age groups. However, 
of more importance from the economic point of view, 70 percent of the persons injured 
were from 20 to 59 years of age—the ages supplying most of the labor force of the 
state. 

In every age group except one, male persons had a higher fatal-injury rate than 
females; and in the one exception the rate was the same for both sexes. In the 20-29 
age group for males and in the 50 and over age groups for both males and females, a 
relatively high fatal-injury rate occurred. The higher rates in the older age groups 
were believed to have been largely brought about by pedestrian deaths. 

Turning to the non-fatal injuries per 100,000 in each ^e and sex group (Table 3), 
males had a higher rate at every ^e, with only the yoimgest age group evidencing a 

PASSENGERS PEDESTRIANS OTHERS 
ACTIVITY 

Fatca-injury rate, 
by act i v i t y . 

c l a s s i f i e d 
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closeness. Males in the 20-29 and 30-39 
age groups had the highest injury rate, and 
females 60 and over had the lowest non-
fatal-injury rate. 

Persons Hospitalized 
Table 4 gives the number of persons 

non-fatally injured in traffic accidents 
that were hospitalized. One of the most 
remarkable items derived from the 1953 
Massachusetts accident study was evi­
dence of the relatively small number of 
non-fataUy-injured persons that required 
hospitalization. Only 15 percent of the 
persons non-fatally injured spent time in 
the hospital as a result of their injuries. 
Table 4 also shows that the 6,647 persons 
confined to the hospital remained there a 
total of 62,148 days or an averse of 9.4 
days per person. 

During 1953, of the 45,051 persons 
non-fatally injured, 16,204, or 35.9 per­
cent were examined in a hospital after 
the accident. Of those examined, 6,647 
were confined while 9, 557 persons were 
released from the hospital immediately 
after receiving emergency treatment. 
There were 28,847 persons, or 61.4 per­
cent of all the persons non-fatally in­
jured, that were either treated outside hospitals or received no professional treatment. 
These figures are additional evidence of the superficial nature of a large majority of 
traffic accident injuries. 

Only 10 percent of the passengers that were injured required hospitalization, as 
compared with 16 percent of the drivers and 25 percent of the injured pedestrians. Per­
sons in the "other" category that were hospitalized had the highest percentage rate. 

5ER0USLY 

..-.v. SUPERFICIALLY 
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DRIVERS PASSENGERS PEDESTRIANS OTHERS 
ACTIVITY 

Figure 3. Non-fatal-injury rate, c l a s s i ­
f ied by act i v i t y and severity. 

T A B L E 3 

NUMBER O F PERSONS INJURED IN ACCIDENTS AND NUMBER INJURED P E R 100, 000 POPULATION, 
CLASSIFIED BY A G E , SEX, AND S E V E R I T Y 

Age of 
Persons 

Males Injured Females Injured All Persons Injured Age of 
Persons FataUy Non-FataUy Total Fatally Non-Fatally Total Fatally Non-Fatally Total 
Number 

injured: 
Under 10 25 2,993 3,018 12 2,238 2,250 37 5,231 5,268 
10 - 19 26 3,070 3,096 6 1,694 1,700 32 4,764 4,796 
20 - 29 59 5,187 5,246 13 4,542 4,555 72 9,729 9,801 
30 - 39 25 5,579 5,604 7 4,297 4,304 32 9,876 9,908 
40 - 49 22 3,668 3,690 6 2,741 2,747 28 6,409 6,437 
50 - 59 36 2,958 2,994 41 2,776 2,817 77 5,734 5,811 
60 and over 75 1,856 1,931 68 1,452 1,520 143 3,308 3,451 
Total 268 25,311 25,579 153 19,740 19,893 421 45,051 45,472 
Number per 

45,472 

100,000:' 
Under 10 5 653 658 3 510 513 4 583 587 
10 - 19 8 965 973 2 546 548 5 759 764 
2 0 - 2 9 19 1,673 1,692 4 1,402 1,406 11 1,535 1,546 
30 - 39 7 1,631 1,638 2 1,161 1,163 4 1,387 1,391 
40 - 49 7 1,207 1,214 2 818 820 4 1,003 1,007 
50 - SO 14 1,160 1,174 14 951 965 14 1,048 1,062 
60 and over 23 575 598 17 369 386 20 462 482 
Total 12 1,095 1,107 6 801 807 9 944 953 
' Number of persons injured per 100,000 m each age and sex group. 
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T A B L E 4 

NUMBER O F PERSONS N O N - F A T A L L Y INJURED IN 
ACCIDENTS AND TIME IN HOSPITAL 
AS THE R E S U L T O F SUCH INJURIES 

Activity 

Total 
Persons 
Non-

FataUy 
Injured 

Persons 
Hospital­

ized 
Days In 
Hospital 

Aver­
age 

Days In 
Hospi­

tal 
Drivers 22,234 3,624 33,804 9.3 
Passengers 17,189 1,630 15,020 9.2 
Pedestrians 4,S45 1,115 10,580 9.5 
Others 1,083 278 2,744 9.9 
Total or 

9.9 

Average 45,051 6,647 62.148 9.4 

T A B L E 9 

NUMBER O F PERSONS N O N - F A T A L L Y INJURED IN 
ACCIDENTS AND WORKTIME LOST 

FROM SUCH INJURIES 

Total Average 
Persons Total Work­

Non- Persons Work­ days 
Activity FataUy Losing days Lost Per 

Injured Worktime Lost Person 
Drivers 22,234 13,261 271,170 20.4 
Passengers 17,189 4,880 70,795 14.5 
Pedestrians 4,545 1,053 23,107 21.9 
Others 1,083 211 4,200 20.0 
Total or 

4,200 20.0 

Average 45,051 19,405 369,272 19.0 

but the number of persons in this category 
represented less than 3 percent of the 
total number of persons Injured. 

Considered by activity class, over 
one-half of the persons requiring hospi­
talization were drivers, one-fourth were 
passengers, and one-sixth were pedes­
trians. 

Worktime Lost 
The number of non-fatally-injured 

persons losing worktime and the amount 
of worktime lost as a result of motor-
vehicle traffic accidents (Table 5) re­
vealed the interesting point that more than one-half of the persons injured did not lose 

time from work. This situation appeared 
to be brought about by two factors: First, 
many injured persons were not members 
of the labor force, and second, three-fifths 
of the non-fatal injuries were of a super­
ficial nature. The average number of 
work days lost per person was 19 days. 

Of the 22,234 drivers non-fatally in­
jured, 60 percent lost time from work, 
whereas a similar comparison for pas­
sengers and pedestrians shows percentages 
of 28 and 23, respectively. Of the 19,405 
persons losing worktime, drivers accounted 
for 68 percent; passengers, 25 percent; 

pedestrians, 6 percent; and others, 1 percent. 

PERSONS DISABLED 
Table 6 gives the number of persons injured in traffic accidents that were disabled, 

and the disability rate per 100,000 population. As mentioned earlier, the distribution 
made according to degree of disability was based on percentage data provided by Utah. 
On this basis, of the 45,051 persons non-fatally injured in traffic accidents in Massa­
chusetts, 2,117 were permanently disabled to some degree, and 3,514 were temporarily 
disabled either totally or partially. It is important to note that of all those persons 
non-fatally injured only 225 suffered total permanent disability, or a rate of less than 
5 persons per 100,000 population. 

Table 6 also indicates the relative importance of temporary and permanent disabili­
ties in the over-all traffic-accident injury picture. Numerically, disabilities are 
relatively small but from an economic point of view they account for a sizeable portion 
of every accident direct cost dollar. Considering the permanently disabled, only a 
small proportion had total disability. In contrast, almost 65 percent of the permanently 
disabled group were in the 25 percent disability group. 

TOTAL DIRECT COST OF ACCIDENTS 
The total direct cost of motor-vehicle traffic accidents is summarized in Table 7 

by severity of accident and by cost elements. In considering the direct cost of motor-
vehicle accidents i t is necessary to distinguish between property-damage costs, which 
may occur in any type of accident, and property-damage-only accidents. Property 
damage relates to an element of cost of an accident whereas the property-damage-only 
accident refers to the severity class of an accident where no injuries were sustained. 
Total property-damage costs of property-damage-only accidents amounted to $17,900, -
000, which was almost twice the property-damage costs in total-injury accidents. 
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T A B L E 6 
NUMBER O F VEBSOSS N O N - F A T A L L Y INJURED 

AND T H E E X T E N T O F THEIR DISABILITY 

Degree of Disability 
Number 

of Persons 
Non-FataUy 

Injured' 

Persons 
Non-IitaUy 
Injured Per 

100,000 
PopiJation 

This, however, was to be expected be­
cause of the much greater number of pro­
perty-damage-only accidents. When all 
the other elements of cost were considered 
with the property-damage costs, all injury 
accidents cost 52 percent more than the 
property-damage-only accidents. 

The average accident cost dollar shown 
in Figure 4 for each severity class and for 
each of the elements of cost, describes the 
makeup of the $ 50,224,000 spent on ac­
cidents in Massachusetts during 1953. A 
most significant fact is that the cost of 
property damage was greater than that of 
all other elements of accident cost com­
bined. The minor economic role of the 
treatment of injuries as a cost element 
is also indicated. 

The "fatal-injury-accident dollar" is 
representative of the $1,642,000 spent on 
f^tal accidents during 1953. It illustrates 

the overriding economic importance of damage awards and settlements, which in this 
instance largely represents the value of human life. The "fatal-injury-accident dollar" 
also shows that there is a fairly large element of property-damage cost even in this 
most serious severity class of accident. 

The "non-fatal-injury-accident dollar" represents the $28,688,000 spent on non-

permanent disability: 
Tbtal 
75 percent 
50 percent 
25 percent 

Subtotal 
Temporary disability: 
•n>tal 
Partial 

Subtotal 
Total disabled 
Total not disabled 

Total injuries 

225 
180 
360 

1,352 
2,117 

2,435 
1,079 
3,514 
5,631 

39,420 
45.051 

4.7 
3.8 
7.5 

28.3 
44.3 

51.0 
22.6 
73.6 

118.0 
826.0 
944.0 

' Distribution of persons according to degree of disability 
was derived from data provided by the State of Utah, where 
a similar accident cost study was conducted. 

TABLE 7 
TOTAL DIRECT COST OF TRAFFIC ACCIDENTS BY COST ELEMENTS 

AND SEVERITY OF ACCIDENT 

Severity of Accident 

Fatal 
Cost Elements Injury 

Non-Fatal 
Injury 

Total 
Injury 

Property-
Damage-

Only 
All 

Accidents 

Property damage: ($ 1,000) 
Vehicle 238 
Other property 2 

Subtotal 240 

($1,000) 
9,352 

102 
9,454 

($1,000) 
9,590 

104 
9,694 

($1,000) 
17,722 

204 
17,926 

($1,000) 
27,312 

308 
27,620 

Injury treatment: 
Doctors and dentists 25 
Hospital 24 
Ambulance 2 
Miscellaneous 3 

Subtotal 54 

2,038 
1,117 

56 
139 

3,350 

2,063 
1,141 

58 
142 

3,404 
-

2,063 
1,141 

58 
142 

3,404 
Incidental costs: 

Loss of vehicle use 6 
Value of time lost 32 

105 
4,061 

111 
4,093 

248 
473 

359 
4, 566 

Legal assistance and 
court fees 293 4,338 4,631 558 5,189 

Damage awards and 
settlements 1,017 
Subtotal 1,348 

7,380 
15,884 

8,397 
17,232 

689 
1,968 

9,086 
19,200 

Total 1.642 28.688 30,330 19.894 50.224 
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FATAL-INJURY - ACCI DENT 
COST DOLLAR 

AWARDS AND 
SETTLEMENTS 

6 4 * 

WORKTIME 
LOST 2 ( 

PROPERTY 
DAMAGE 

LEGAL AND 
COURT FEES 

TREATMENT 
OF INJURIES 3 i 

PROPERTY-DAMAGE-ONLY-
ACCIDENT COST DOLLAR 

LOST 

LOSS OF USE 
OF VEHICLE AWARDS AND 

SETTLEMENTS 4 i 

LEGAL AND 
COURT FEES 3^ 

NONFATAL-INJURY-ACCIDENT 
COST DOLLAR 

PROPERTY DAMAGE 
33* 

OF INJURIES 
AWARDS 

SETTLEMENTS 
2 6 t WORKTIME 

LOST 
LEGAL 

AND 
COURT 
FEES 

AVERAGE ACCIDENT 
COST DOLLAR 

PROPERTY DAMAGE 
55 < 

INJURIES Tt AWARDS AND 
SETTLEMENTS 

WORKTIME 
LOST 

LEGAL AND 
COURT FEES 

Figure k. Direct cost of t r a f f i c accidents shown as fractional parts of a dollar. 

fatal-injury accidents during the 12-month period. In the breakdown of this cost dollar 
the worktime loss cost more than the treatment of injuries, and property damage ac­
counted for one-third of the total cost of non-fatal-injury accidents. Also, legal and 
court fees (15 cents out of the dollar) cost more than one-half as much as awards and 
settlements (26 cents out of the dollar). 

The "property-damage-only-accident dollar" is representative of the $19,894,000 
spent on proper^-damage-only accidents during the year. The significant thing about 
this diagram is that there were elements of cost other than property damage which ac-
coimted for 10 cents out of every property-damage-only-accident dollar. 

Cost of Iniuries by Activity 
The direct cost to persons fatally and 

non-fatally injured in motor-vehicle traf­
fic accidents is given in Table 8 by acti­
vity. The study did not provide a break­
down of costs for seriously and super­
ficially injured persons according to 
their activity, but in total the amounts 
were $ 13,906,000 and $ 5,328,000, re­
spectively. The $20,636,000 cost of in­
juries is the total direct cost of fatal and 

T A B L E 8 

D I R E C T COST O F INJUHIES B Y S E V E R I T Y O F 
INJURY AND ACTIVITY 

Activity of FataUy Non-Fatally Al l Persons 
Persons Injured Iiijured Injured' Injured 

($1,000) ($1,000) ($1,000) 
Drivers 156 11,552 11,708 
Passengers 378 5,046 5,424 
Pedestrians 824 2,305 3,129 
others 44 331 375 

Total 1.402 19,234 20.636 

of siqierficially injured. 
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non-fatal accidents, less the cost of property damage incurred in them, as given in 
Table 7. 

Over one-half of the total traffic-accident-injury cost was borne by drivers, who 
e9q>erienced approximately twice as much injury cost as passengers. Average injury 
costs per person involved are calculated to be $524 for drivers, $313 for passengers, 
$665 for pedestrians, and $343 for all other injured persons. 

The average direct cost of Injuries sus­
tained by persons in traffic accidents, 
classified by the severity of injury, is 
shown in Figure 5. The average cost 
of a fatal injury was $3,300, which was 
4 times the amount esEpended for the ser­
ious non-fatal injury, and 17 times the 
cost for the superficial non-fatal injury. 
However, this comparison gives an er­
roneous idea of the economic importance 
of fatal injuries imless the total costs and 
number of persons are considered. The 
serious non-fatal injuries, in total, cost 
almost 10 times as much as fatal injuries. 
Referring to Table 2, there were 18,045 
persons seriously injured, as compared 
to 421 persons fatally injured. 

S 19 

Cost of Injuries by Age and Sex 
Table 9 gives the direct cost of in­

juries to persons in accidents by the 
severity of their injuries and by their 
age and sex. It also gives the injury 
cost rate per 100,000 population for the 
different groups. Among the important 
facts observed was that non-fatal in­
juries, $403,000 per 100,000 persons, 
cost approximately 14 times as much as 

FATAL 
INJURIES 

3ERI0US SUPERnCIAL TOTAL 
NONFATAL INJURIES 

ALL 
INJURIES 

Figure 5. Average direct cost of injuries 
sustained i n accidents, according to se­

verity of injury. 

T A B L E 9 

DIRECT COST TO PERSONS INJURED IN ACCIDENTS AND COSTS P E R 100,000 PERSONS, 
C L A S S I H E D B Y A G E , SEX, AND S E V E M T Y O F INJURY 

Males Injured Females Injured All Persons Injured 

Age of Persons Non- Non- Non-
Total 

Age of Persons 
Fatally Fatally Total Fatally Fatallv Total FataUy FataUy Total 

Cost to persons 
injured; ($1,000) ($1,000) ($1,000) ($1,000) ($1,000) ($1,000) ($1,000) ($1,000) ($1,000) 
Under 10 112 539 651 50 424 474 162 963 1,125 
10 - 19 67 739 804 19 619 638 86 1,356 1,442 
20 - 29 147 1,766 1,913 44 1,594 1,638 191 3,360 3,551 
30 - 39 96 2,333 2,429 10 1,591 1,601 106 3,924 4,030 
40 - 49 81 1,678 1,759 30 905 935 111 2,583 2,694 
50 - 59 141 2,074 2,215 42 3,324 3,324 183 5,356 5,539 
60 and over 370 1,009 1,379 193 683 876 563 1,692 2,255 

Total 1,014 10,136 11,150 388 9,098 9,486 1,402 19,234 20,636 
Cost to persons 

per 100,000:' 
Under 10 25 118 142 11 97 108 18 107 125 
10 - 19 21 232 253 6 200 206 14 216 230 
20 - 29 48 570 617 14 492 505 30 530 560 
30 - 39 28 682 710 3 430 433 15 551 566 
4 0 - 4 9 27 552 579 9 270 279 17 404 422 
5 0 - 5 9 55 814 869 14 1,124 1,138 33 979 1,012 
60 and over 115 312 427 49 174 223 79 236 315 

Total 44 439 483 16 369 385 29 403 432 

' Direct cost per 100,000 persons in each age and sex group. 
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MALES U 39 

FEMALES—U 61 

ALL PERSONS *4 27 

O 

11 

fatal injuries, $29,000 per 100,000 per­
sons; and thatthecostofinjuriestomales 
exceeded the costof injuries to females by 
11.4percent. Intheinjuriesof males, the 
non-fatal cost was 10 times as great as the 
costof their fatal injuries; while in the in­
juries of females, the non-fatal-injury cost 
was 23 times as great as the cost of their 
fatal injuries. 

The per capita cost of fatal injuries 
resulting from motor-vehicle traffic ac­
cidents, calculated by dividing injury cost 
by the number of persons (total population) 
in each age and sex group, shows that the 
age groups of 20-29 and over 50 had the 
highest injury cost rates. The high cost 
rate in the 20-29 year group would ap­
pear to reflect the high injury rate and 
the greater exposure to accidents of this 
age group. The extremely high rates for 
persons over 50 years of ̂ e reflects two 
things: increased earning power that 
comes with age and experience, and fail­
ing physical characteristics that come 
with age. 

The per capita costs of non-fatal in­
juries resulting from traffic accidents 
are shown in Figure 6, calculated in ex­
actly the same way used for calculating 
the per capita cost of fatal injuries. The 
cost of injuries to males generally in­
creased with age-the 40-49 and the over 60 age groups being the only exceptions. The 
higher value of worktime lost and the slower rate of recovery in the 50-59 age group 
are clearly reflected in this Figure. 

LESS 
THAN 

10 

10 
TO 
19 

20 
TO 
29 

30 
TO 
39 

40 
TO 
49 

50 
TO 
59 

60 
OR 

MORE 
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Figure 6. 
each Eige 

Per capita direct cost, within 
and sex group, of non-fatal i n ­

j u r i e s . 



Economic Cost of Traffic Accidents in 
Relation to Highway Planning 
J. EDWARD JOHNSTON, Deputy Director of Highways for Planning, 
Utah State Department of Highways, Salt Lake City 

This paper points up the value of traffic accident 
cost data to the highway planner in evaluating and 
scheduling highway improvement. 

It also compares the frequencies and costs of 
traffic accidents in Utah in 1955 with the results 
found in the 1953 Massachusetts study. Despite 
dissimilarities in geographic characteristics and 
population densities, the relative distributions 
of accidents in the two States were quite consistent. 
As to costs, regardless of severity or type, acci­
dents were more costiy in Utah than in Massachu­
setts. 

# TODAY, highway planners are seeking more scientific methods of evaluating existing 
highways and designing and programing new facilities. The highway administrator and 
planner realize as never before the importance of engineering tools that will permit 
them to schedule construction on the basis of need, allocate highway funds on a priority 
basis, select additions to the highway systems, change system classifications, select 
proper alternate routes or locations, and to cope effectively with public and private 
groups having vested interests in the processes of planning and programii^. 

Some states have employed sufficiency ratings to assist them in accomplishing these 
objectives. This method simply assigns a point rating to each section of road according 
to its ability to provide traffic service in a safe and efficient manner. Other states 
have employed economic analyses usii% factors such as highway costs, revenues, and 
benefits. In the main, this approach has been simplified to include only the benefit 
quotient which reflects primarily a savings to the motor-vehicle user in operating cost 
and time through improved alinement. Some states use both approaches. 

In the methods generally in use, one important factor is too often omitted—traffic 
accident rates. Some states incorporate accident rates in their sufficiency ratings, but 
more do not. It is known that sections of highway having a good adequacy rating, as 
provided by the sufficiency rating system, sometimes may have a high traffic accident 
frequency. 

Traffic accident rates normally are not included in economic analyses of the cost-
benefit variety at all. The principal reason for the omission has been the unreliability 
of traffic accident data. Too many accidents are not reported; and for those that are, 
the reports often do not clearly indicate where the accidents occurred. But one of the 
greatest deterrents has been the lack of information on accident costs related to the 
types of vehicles, classes of highways, roadway features, types of accidents, and 
severity of accidents. 

APPLICATION OF ACCIDENT COST FACTOR 
Traffic accident data should be one of the highway planner's most important tools 

to justify street and highway improvements. Just to illustrate this point, a traffic ac­
cident study was made on State Street in Salt Lake City. The study section, 17 blocks 
in length, carried over 30,000 vehicles daily. During a 3-year period, more than 1,000 
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traffic accidents occurred on this street, and over 700 of them took place at intersec­
tions. The street is a 6-lane divided roadway with parallel parking on each side. 

It is estimated that had this traffic been carried on a street of freeway design, slight­
ly more than 200 accidents would have been expected instead of 1,000. An Interstate 
System improvement is being planned to parallel State Street, and the portion parallel­
ing the 17-block study section is expected to carry 100,000 vehicles daily by 1975. 

According to the Utah accident cost study, the direct cost for passenger-car acci­
dents occurring on major urban arteries was 0.49 cent per vehicle-mile. Using Utah 
study data, i t was estimated that the direct cost of accidents on the Interstate System 
would be only 0.13 cent per freeway vehicle-mile. Thus, there would be a savings in 
accident costs of 0.36 cent per vehicle-mile on streets of freeway design. Based on 
an estimated traffic volume of 100,000 vehicles daily by 1975, the savings in accident 
costs would approach $330,000 annually. 

The significant point is that an accident cost savings of such magnitude should not 
be overlooked in justifying an investment of $20 million, as would be required in con­
structing a freeway parallel to State Street. Furthermore, the savings figure is on 
the conservative side because it does not include indirect costs relating to traffic ac­
cidents. 

In this analysis, the reduction in traffic accidents on freeways was based on the 
California study ("The Economy of Freeways," by Lloyd Aldrich. City of Los Angeles, 
Street and Parkway Design Division (Jime 1953)) which indicated that there were five 
times fewer accidents on their freeways than on local streets. In addition, in the an­
alysis, the accidents expected on the freeway were distributed as to type in accordance 
with those happening on the Detroit E^ressway. This was done in order to isolate 
those types of accidents that could not occur on a freeway. 

UTAH AND MASSACHUSETTS RESULTS COMPARED 
The Utah State Road Commission has completed a study of the passenger-car phase 

of traffic accident costs. It was based on passenger cars registered by the Utah State 
Motor Vehicle License Bureau in 1955. A sample was selected from the registration 
list, a universe of 268,000 passenger cars. The registration sample was deemed to 
be of sufficient size to satisf^torily approximate the general accident e}q>erience of 
the motoring public, but in order to obtain more detailed information on fatal and non-
fatal-injury accidents the state's accident fUes were sampled at a much higher rate 
than the registration list. 

Only a small portion of the data collected In the Utah accident cost study is reported 
here (Tables 1-4) to provide a comparison of the number of traffic accidents and their 
costs in Utah and Massachusetts. (A discussion of the Massachusetts data may be 
found in the article "The Economic Costs of Motor-Vehicle Accidents," by Robie Dun-
man, HUB Bull. 208.) When comparing the values for the two states, it must be kept 

COMPARISaN OF THE NUMBER OF MOTOR-VEHICLE TRAFFIC ACCIDENTS INVOLVING PASSENGER CARS IN 
UTAH DURING 19S5 AND IN MASSACHUSETTS DURING 1953 

Number of Acel-
Numterof Regis- Number of Ucen- dents per lOOMU-

Numberof Percent of Number of Real- tered PU8ei«er aed Operators per UonVeUcle-MUea 
Item of Convariaon Aecidenta Total dentsper Accident Cara per Accident Accident of Travel 

Utah Maaa. Utah Maaa. Utah Maaa. Utah Mass. Utah Maaa. Utah Mass. 
Severity of accident: 

Fatal-injury 77 315 0.2 0.2 10,350 15,152 3,481 3,933 5,900 9,888 3.1 2.7 
Non-fatal-injury 9,048 33,270 19.0 29.3 88 143 30 37 50 58 358 288 
Pxoperty-damage-onls r 38,4S3 97,951 80.8 74.9 21 49 7 13 12 19 1, ,924 842 

All aecidenta 47,978 131,538 100.0 100.0 17 38 8 9 10 14 1, ,888 1,131 
TjSf of accident 

Faaaenger-car col-
liaion wit l i -

Otlier motor vehicles 29,044 108,730 81.0 83.4 27 44 9 11 18 17 1, ,151 943 
Pedeatzlana 1,793 5,848 3.8 4.9 445 800 150 210 294 315 71 51 
Fixed oblecta 741 7,280 1.9 9.9 1,078 854 382 170 814 255 29 83 
Other obtecta 11,9X1 8,484 29.1 4.9 87 748 22 194 38 290 473 95 

Non-colli sioji accidents 4,080 2,334 8.8 1.7 199 2,170 88 583 l U 845 182 19 
All accidents 49.878 131.538 100.0 100.0 17 38 8 9 10 14 1, ,888 1.131 



52 

COHPiUIISIW o r DIHECT COOTS OF UOTOR-VSaiCLE TRAFHC ACdDENTS INVOLVING 
1955 AND IN MASSACHUSETTS DIIBING 1953 

CARS IN UTAH DtmiNG 

Tolal mrect Cost 

Item of CompailBon Tbbl Direct 
Coat 

Percent of 
Total Per Accident Per Caplte Per Maaenger 

Car RflfEiatered 
Per Llcenaed 

Operator 
PerHUeof 

Boad 

Per 100 IfilUon 
Vebicle-Hllea 

of Travel 
Wall Hksa. Utah Masa. Utah HasB. Utah Kaaa. Utah Mass. Utah Masa. Utah Haaa. Utah Maaa. 

Sererlly of accldenC ($l,OI»)ai,OI») 
Fatal-lnJuiT 284 1,642 
Noa-fataa-injur; 11,559 28,688 
Property-damage-only 11,506 19,894 

La 3.3 
49 5 57.1 
49.3 39.6 

$3,690 >5,213 
1,2TT 862 

299 203 

t 0.36 $ 0.34 
14.50 6.01 
14.44 4.17 

t 1.06 t 1.32 
43.13 23.15 
42.93 16.06 

$ 0.62 $ 0.88 
25.40 15.44 
25.29 10.71 

$ 9 $ 67 
368 1,171 
366 812 

($1,000)01,000) 
11 14 

458 247 
456 171 

All accidents 23,349 50,224 100.0 100.0 491 382 29.30 10.52 87 12 40.53 51.31 27.03 743 2,050 925 432 
Type of accident 

Paaaenger-car eolliaion 

other motor vehiclea 17,401 41,816 74.5 83.3 
Pedestrians 1,417 3,376 6.1 8.7 
FlzedolnectB 271 3,023 1.2 6.0 
OtherolqectB 1,880 673 8.0 1.3 

Hon-colhslon accidents 2,380 1,337 10.2 2.7 
AU accidents 28.349 50.224 100.0 100.0 

599 381 21.83 8.76 64.93 33.75 38.24 22.50 554 1,707 690 360 
791 572 1.78 0.71 5.29 2.72 3.11 1.82 45 138 56 39 
366 414 0.34 0.63 1 01 2 44 0.60 1.63 8 123 11 26 
158 105 2.36 0.14 7.01 0.54 4.13 0.36 60 27 74 6 
583 608 2.99 0.28 8.88 1.08 5.23 0.72 76 55 94 11 
491 38! 29.30 10.52 87.12 40.53 51.31 27.03 743 2.050 92S 432 

TABLE 3 
COMPARISON OF THE NUMBER OF COLLISIONS BETWEEN PASSENGER 

CARS OR PASSENGER CARS AND OTHER MOTOR VEHICLES IN UTAH 
DURING 1955 AND MASSACHUSETTS DURING 1953, CLASSIFIED 

BY TYPE OF COLLISION 

Type of Collision 
Number of 
Collisions 

Percent of 
Total 

Number per 100 
Million Vehicle-
Miles of Travel 

Utah Mass. Utah Mass. Utah Mass. 
Angle 9,911 53,320 34.1 48.6 393 458 
Rear-end 10,580 22,501 36.4 20.5 419 193 
Head-on 1,117 12,789 3.9 11.6 44 110 
Sideswipe (same 

direction) 2,394 7,114 8.2 6.5 95 61 
Sideswipe (opposite 

direction) 755 1,486 2.6 1.4 30 13 
Turning movement 1,876 4, 752 6.5 4.3 74 41 
Parking maneuver 

and backing in traf­
fic lane 2,411 7,768 8.3 7.1 96 67 

All collisions 29,044 109,730 100.0 100.0 1,151 943 

in mind that the base year of the Utah study was 1955, and for the Massachusetts study 
it was 1953. Because only a two-year difference was involved, no attempt was made 
to adjust the data to a common year. 

The size of Utah is 82,346 sq mi, whereas in Massachusetts the area is 7,867 sq 
mi. In 1955, Utah had a population of 797,000; there were 268,000 registered pas­
senger cars, 455,000 licensed drivers, 31,400 miles of highways and streets, and 2, 523 
million vehicle-miles of travel. During 1953, there were 4, 773,000 persons living 
in Massachusetts, 1,239,000 registered passenger cars, 1,858,000 licensed drivers, 
24,500 miles of highways and streets, and 11,628 million vehicle-miles of travel. 

In comparing the accident rates and costs for the two states, it is quite evident that 
the results were influenced by such factors as population density, travel speeds, ur­
ban characteristics, etc. It is likely that many of the differences could be explained, 
but to interpret the accident experience of states so widely separated geographically 
and having such dissimilar characteristics is beyond the scope of this paper. Population 
density alone would be a major factor to consider in any analysis of traffic accidents. 
In Massachusetts there were 596 persons per square mile, as compared with 10 in Utah. 



TABLE 4 
COMPARISON OF DIRECT COSTS OF COLLISIONS BETWEEN 

PASSENGER CARS OR PASSENGER CARS AND OTHER MOTOR 
VEHICLES EST UTAH DURING 1955 AND MASSACHUSETTS 

DURING 1953, CLASSIFIED BY TYPE OF COLLISION 

53 

Type of Collision Total Direct 
Cost 

Percent of 
Total 

Average Cost 
Cost per 100 

Million Vehicle-
Mies of Travel 

Utah Mass. Utah Mass. Utah Mass. Utah Mass. 
($1,000) ($1,000) ($1,000) ($1,000) 

Angle 6,596 17,386 37.9 41.6 $ 666 $ 327 261 150 
Rear-end 6,058 10,842 34.8 25.9 573 482 240 93 
Head-on 1,834 9,078 10.5 21.7 1,642 709 73 78 
Sideswipe (same 

direction) 1,157 1,958 6.7 4.7 483 276 46 17 
Sideswipe (opposite 

direction) 351 706 2.0 1.7 465 471 14 6 
Turning movement 486 1,114 2.8 2.7 259 232 19 10 
Parking maneuver and • backing in traffic 

lane 919 732 5.3 1.7 381 94 36 6 
All collisions 17,401 41,816 100.0 100.0 599 381 690 360 

In sfpite of the dissimilarities of the two states, however, there is remarkable con­
sistency in the relative distribution of accidents when classified according to severity 
and type. The most common method of comparison is to express the number of ac­
cidents and their cost in terms of 100 million vehicle-miles of travel. This is done 
in the last two columns of the tables. In general, accidents were costUer in Utah than 
in Massachusetts, regradless of severity or type of accident or type of collision. 

An attempt to draw conclusions on the basis of the data presented here for two 
strikingly different states would not be justified, but certainly the results add signifi­
cantly to the knowledge needed to develop national trends of traffic accidents. 

HRB:OR-365 



TH E NATIONAL ACADEMY OF SCIENCES—NATIONAL RESEARCH COUN­
CIL is a private, nonprofit organization of scientists, dedicated to the 
furtherance of science and to its use for the general welfare. The 

ACADEMY itself was established in 1863 under a congressional charter 
signed by President Lincoln. Empowered to provide for all activities ap­
propriate to academies of science, it was also required by its charter to 
act as an adviser to the federal government in scientific matters. This 
provision accounts for the close ties that have always existed between the 
ACADEMY and the government, although the ACADEMY is not a govern­
mental agency. 

The NATIONAL RESEARCH COUNCIL was established by the ACADEMY 
in 1916, at the request of President Wilson, to enable scientists generally 
to associate their efforts with those of the limited membership of the 
ACADEMY in service to the nation, to society, and to science at home and 
abroad. Members of the NATIONAL RESEARCH COUNCIL receive their 
appointments from the president of the ACADEMY. They include representa­
tives nominated by the major scientific and technical societies, repre­
sentatives of the federal g-overnment, and a number of members at large. 
In addition, several thousand scientists and engineers take part in the 
activities of the research council through membership on its various boards 
and committees. 

Receiving funds from both public and private sources, by contribution, 
grant, or contract, the ACADEMY and its RESEARCH COUNCIL thus work 
to stimulate research and its applications, to survey the broad possibilities 
of science, to promote effective utilization of the scientific and technical 
resources of the country, to serve the government, and to further the 
general interests of science. 

The HIGHWAY RESEARCH BOARD was organized November 11 , 1920, 
as an agency of the Division of Engineering and Industrial Research, one 
of the eight functional divisions of the NATIONAL RESEARCH COUNCIL. 
The BOARD is a cooperative organization of the highway technologists of 
America operating under the auspices of the ACADEMY-COUNCIL and with 
the support of the several highway departments, the Bureau of Public 
Roads, and many other organizations interested in the development of 
highway transportation. The purposes of the BOARD are to encourage 
research and to provide a national clearinghouse and correlation service 
for research activities and information on highway administration and 
technology. 
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