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• EACH YEAR the California Division of Highways prepares a planning program, which 
is basically a schedule of the funding of major construction projects for the next 8 to 11 
years. It shows the amounts and the fiscal years of funding for construction and right
of-way acquisition for 2,500 to 3,000 projects costing more than $100,000 each. The 
1969 program totaled $7 .8 billion. 

Every attempt is made to schedule the most needed projects first. There are many 
constraints operating to limit or to modify the scheduling of construction projects 
strictly on congestion or safety priority considerations. Some of the constraints are 
statutory (see Appendix), and others are imposed by difficulties in obtaining necessary 
freeway, railroad, or cooperative agreements and route adoptions. Another major 
constraint is the requirement of completing the Interstate system by a given time. With
in these constraints, however, there still is a great deal of flexibility to program by 
traffic-related priorities. 

Factors considered in determining relative priorities of the many competing projects 
include congestion, delay, accident rates, fatality rates, types of accidents, closing 
gaps in the highway system, continuity of improvement, coordination with local develop
ment, impact on local communities, and relocation impact on economically deprived 
areas. 

To determine priorities objectively, it is desirable to quantify the benefits of each 
project (e.g., hours of congestion reduced, vehicle-hours of delay reduced, number 
of accidents prevented, and number of lives saved) and relate these benefits to the cost 
of obtaining them. Historically, the classical tool that has been used to make economic 
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priorities of projects, is the benefit-cost ratio. This ratio is based on the dollar sav
ings accrued to the road user because of reduced travel times, distances, and operating 
costs. 

A few years ago, the California Division of Highways developed a new tool to evaluate 
safety improvement projects-the safety index. The safety index represents the per
centage of the project's construction plus right-of-way costs that is returned to the 
motorists as savings in the cost of prevented accidents. In reality, it is a tafety 
benefit-cost ratio. The decimal point has been moved to the right 2 places, and the 
ratio is called an index. 

In the 1969 program, for the first time, we have extended the use of this tool to all 
major construction projects. For each project an estimate was made of the number of 
accidents that will be prevented by the proposed improvement and of the cost savings 
resulting from the accident reduction. The savings, expressed as a percentage of the 
cost of providing the improvement (construction plus right-of-way), is the project 
safety index. 

METHODOLOGY 

To predict the savings in accident costs to be accrued, we must estimate the number 
and cost of accidents that will occur if no improvement is made and the number and cost 
of accidents that will occur if the improvement is made. 
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Figure 1. Accident rates for freeways and expressways with varying numbers of lanes. 

Studies over the past few years have developed predictive models to estimate acci
dent frequency. The models are sophisticated enough to account for the effect of the 
number of lanes and traffic volumes on accident rates for all types of freeways (7) and 
also for rural expressways (Fig. 1). Models also have been developed for various types 
of spot-improvement projects such as channelizing, guardrailing, signalizing, safety 
lighting, and signing (2, 12, 13, 14, 15). However, the correlation of certain accident 
causative variables such as pavement width, number of lanes, and traffic volumes on 
accident frequency on conventional roads remains to be accomplished. For new con
ventional roads, the rates given in Table 1 are used. For existing conventional high
ways, the accident rate of the segment under consideration is used, if it is the best 

TABLE 1 

STATEWIDE ACCIDENT RATES (1966-68 AVERAGE) 

Rura l Urban 

Highway Type Statewide 0.8 Statewide 
Average Value Average 

2-lane conventional 2. 50 2.0 5.35 
2-Jane express way 1. 70a 1.4 2_74a 
3-lane conventional 2. 91 2.3 5.38 
4 or m ore lane w,divided 3. 55 2.8 6.15 
4 or more lane divided 2.53 2.0 5.30 
Divided expressway (see Figure 1) 3.50 
Freeway 

Note: Rates are total accidents per million vehicle-miles. 
8 1968 average rate only. 

(see Figure 1) 

0.8 
Value 

4.3 
2.2 
4.3 
4. 9 
4.2 
2.8 
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Figure 2. Maximum expected deviations at 85 percent confidence level. 

estimate that can be made. Using the existing rate almost always understates the bene
fits. The reason is that the rate probably increases as traffic volumes increase. Un
fortunately, we do not know how much the increase will be. 

Adjns ting for Accident Severity 

Before estimating accidents that would occur on the existing facility with no improve
ment , a s tati s ti cal test (16) is made of the severity distribution of the accidents occur
ring over tl1e past several yea.rs on the existing road . If U1e distribution is normal, or 
approximately so, the a ver age cost of accidents for that road type is used. If, however , 
the accidents are more severe than normal, a higher accident cost is used to reflect 
the higher costs of fatal and injury accidents. Conversely, if the accidents a.i:e less 
severe than usual, a lower cost is used. In this manner, considerably more weight is 
given to the fatal and injury accidents than to the "fender bender s ." 

For instance, the reported accidents on most rural freeways in California are com
posed of about 4 percent fatal , 43 percent inj ury, and 53 percent pr operty-damage-only 
accidents. We have developed a curve (Fig . 2) that indicates , for any given accident 
sample size, how much variation there mus t be between the observed and expected dis
tribution of severities to be statistically significant. This curve is based on the Poisson 
distribution, at the 85 percent confidence level , and is another form of the "liber al test" 
curve shown in Figure 3 of the Morin report (16). For instance , if in 100 accidents on 
a rural freeway there are 6 fatal accidents instead of 4, are the 6 fatal accidents really 
different from the expected 4 or are they merely a reflection of the usual statistical 
fluctuations in accident frequency? Figure 2 shows that with an expected frequency of 
4 accidents, an actual occurrence of 1 to 7 is "normal." Therefore, the 6 is not ab
normally high. If there had been 8 fatal accidents out of the 100, then it could be said 
with reasonable assurance that this is not a chance occurrence but that 8 fatal accidents 
occurred because there is something especially hazardous about this section of road. 
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TABLE 2 

COSTS BY ACCIDENT SEVERITY 

Fatal Property 
Highway Type Fatal Injury and Damage Total 

Injury Only 

Rural 
2-lane 95,000 3,000 8,800 1,000 4,600 
3-lane 95,000 3,000 10,500 1,000 5,000 
4 or more lane un-

divided 95 ,000 3,000 6,700 1,000 3,400 
4 or more lane 

divided 95,000 3,000 7,800 1,000 3,900 
Divided expressway 95,000 3,000 9,500 1,000 4,0no 
Freeway 95,000 3,000 10,100 1,000 5,300 

Urban 
2-lane 76,000 2,400 4,000 700 1,800 
3-lane 76,000 2,400 4,800 700 1,900 
4 or more lane 

divided 76,000 2,400 3,700 700 1,700 
4 or more lane un-

divided 76,000 2,400 3,700 700 1,700 
Divided expressway 76,000 2,400 4,900 700 2,300 
Freeway 76,000 2,400 4,300 700 2,200 

Accident Costs 

The average accident costs given in Table 2 are based on the normal distribution of 
severities given in Table 3. When the fatal, injury, or fatal-plus-injury category is 
abnormally high or low in frequency, it is necessary to determine a specific "average" 
cost for the distribution observed. The specific average cost is determined by sum
ming the products of each accident severity category frequency by its specific unit cost 
and dividing the total accident cost by the sum of all severity frequencies. For instance, 
if a section of rural freeway has experienced 200 accidents, of which 16 are fatal acci
dents, 120 are injury accidents, and 64 are property-damage-only accidents, the 
specific average cost of these accidents is 

16 X $95,000 + 120 X $3,000 +64 X $1,000/ 200 = $9,720 

For new highways, it is assumed that the accident severity mix will be normal. Usually 
there is no reason to assume otherwise. 

TABLE 3 

PERCENTAGE DISTRIBUTION BY ACCIDENT SEVERITY 

Fatal Property 
Highway Type Fatal Injury and Damage Total 

Injury Only 

Rural 
2-lane 2.9 43.0 45.9 54.1 100. 0 
3-lane 3.4 38. 7 42.1 57.9 100. 0 
4 or more lane un-

divided 1. 7 39. 7 41.4 58.6 100.0 
4 or more lane 

divided 2.2 39. 8 42. 0 58. 6 100. 0 
Divided expressway 3.2 42.0 45.2 54. 8 100.0 
Freeway 3.6 43.2 46.8 53.2 100. 0 

Urban 
2-lane 0. 7 31.0 31. 7 68. 3 100.0 
3-lane 0.9 28. 4 29.3 70.7 100. 0 
4 or more lane un-

divided 0.6 33.8 34.4 65.6 100.0 
4 or more lane 

divided 0.6 31. 5 32.1 67. 9 100. 0 
Divided expressway 1.3 35. 6 36. 9 63.1 100.0 
Freeway 1.1 40.7 41.8 58.2 100. 0 
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Accident costs are based on studies made in Washington, D. C., and by the Illinois 
Division of Highways, and th.e California Division of Highways (11) . They include pres
ent worth of future earnings of persons killed or permanently disabled. They have 
been adjusted upward in the case of injury and property damage accidents to reflect 
unreported accidents (10), so that when reported accidents are multiplied by these unit 
costs the total cost of both the reported and the unreported accidents is obtained. The 
cost values have also been updated to 1969 prices. 

Project Costs 

For project cost, only the unbudgeted and unescalated construction and rights-of
way costs are used. Funds already expended or obligated are sunk costs and should 
not be considered in deciding how to make future expenditures. Today's cost is used 
even though future project costs will escalate at an average rate of 3 percent per year 
for construction and 5 percent per year for rights-of-way. This is done for 2 reasons. 
First, the costs of future accidents are not escalated; and, second, we determine the 
safety index on the basis of all projects being opened to traffic the following year by 
which time costs will have increased only slightly. 

Traffic Volume Considerations 

The number of accidents that will occur is predicted by multiplying an accident rate 
by the predicted vehicle-miles of travel. In most cases, the travel that would occur 
on either the existing road without improvement or on the improved road is the same. 
However, in some cases the predicted future traffic volume exceeds the capacity of the 
existing highway, reducing travel on the existing highway in relation to the improved 
road. 

If the predicted traffic volumes exceed the capacity of the existing state highway but 
the adjacent local streets can handle the overflow, the number of accidents that will 
occur in the case of no improvement is the number of accidents that will occur on the 
existing state highway with the capacity constraint plus the additional accidents on the 
local streets caused by the overflow. The accidents that will occur on the existing 
state highway are computed by multiplying its accident rate by the vehicle-miles of 
triivP.l that will be generated on it with the capacity constraint. The additional accidents 
on the local street system are determined by multiplying the local street accident rate 
by the overflow vehicle-miles from the state highway. (When the local street accident 
rate is not readily available, the statewide average rate for state highways of the same 
type is used.) 

When the existing highway and all local streets cannot handle the projected traffic 
volumes, it is assumed that the travel over and above the combined capacity of the 
existing highway and street system will not occur. 

"Capacity" as used previously refers to the greatest possible volume of traffic with
out regard to level of service. In fact, it means an intolerable level of service with 

long daily periods of extreme congestion 
and delay. Although a highly undesirable 

TABLE 4 

CAP ACITY TRAFFIC VOLUMES 

state, it may very well result if no im
provement is made, and this analysis is 
based on the safety benefits that would 

Type of Fac ility Maximum AADT accrue between no improvement and the 

2-lane conv entional 
or expressway 

3- la ne 
4-lane conventional, 

divided or undivided 
6- lane conventional , 

divided or undivided 
4-lane expressway 
6- lane expressway 
4-la ne fr eeway 
6- la ne fr eeway 
8-lane fr eeway 
10- lane fr eewa y 

24 ,000 
30 ,000 

50 ,000 

75,000 
60,000 
90,000 
90,000 

150,000 
220,000 
300,000 

proposed improvement. 
Capacity values used for safety index 

determinations are given in Table 4. These 
volumes have actually been observed on 
several occasions and may be lower than 
can possibly occur. 

Base Year and Projecl Life 

For programming purposes, the safety 
index is computed as if all projects were 



33 

opened to traffic the same year (1970 for the 1969 planning program). The reason is 
that the index should indicate relative safety priorities. Different base years falsely 
magnify the benefits of projects that will be constructed in the later years because of 
the larger number of accidents reduced because of increasing traffic volumes. Once 
programming has been established, an index based on the actual year of opening gives 
the real benefits that will accrue. Management, however, is interested in knowing the 
safety index before priority of construction has been determined so that relative bene
fits among projects can be evaluated to establish the priority of construction. 

Project life is the number of years the improvement will be used by the motorist 
regardless of what governmental subdivision will have jurisdiction. A maximum of 
20 years is used because of the many uncertainties when dealing with predictions too 
far in the future . "Interim" improvements that will continue to serve the motorist 
after the highway is relinquished by the state have a life-span reflecting their continued 
use under the local government. (After relinquishment, the existing highway may carry 
less traffic and its vehicle-miles of travel should be based on the reduced traffic.) 
Generally, a service life of less than 20 years is used only when the existing roadway 
will be physically obliterated. 

PREDICTING ACCIDENT RATES 

New Highways 

Figure 1 shows the accident rates for new freeways and rural expressways. These 
rates are statewide averages for facilities ranging from good to poor compared to pres
ent standards. New highways should have considerably lower rates and therefore the 
0.8 statewide average is generally used. 

Figure 1 shows the effect of traffic volumes on accident rates on freeways and rural 
expressways. Similar effects probably exist for all highway types, but the effects have 
not been quantified satisfactorily. (There is research under way in this area.) The re
fore, 0 .8 statewide average accident rates, disregarding volume effects, are used (Table 
1). Again, new conventional roads should be safer. 

Where the new facility will be constructed to low standards, average (in lieu of 0.8) 
values should be used, e.g., a mountain highway with minimum alignment standards. 

Future Rates for Existing Highways 

To estimate what the accident rate will be on an existing freeway or rural express
way at a future higher traffic volume, we assumed that the future accident rate will 
bear the same relative relationship to the statewide average for the new traffic volume 
as the present rate bears to the statewide average for the present traffic volume. For 
instance, if the rate today is 50 percent higher than the statewide average, the accident 
rate will continue to be 50 percent higher than the average as traffic increases. An 
example is given in the following: 

4- Lane Freeway Future 

ADT 25,000 40,000 
Accident rate 1.60 ? 
Statewide rate 1. 18 1.54 
Future rate = (l.60/ 1.18) x 1.54 = 2.09 

The preceding methodology applies to all freeways and rural expressways (not urban 
expressways). For other existing roads, the future accident rate is assumed to be the 
same as the current rate regardless of traffic increases. 

Widened Highways 

Judgment must be used in selecting future accident rates for existing facilities that 
are being widened. 

When lanes are added to a freeway without geometrics being improved, the only acci
dent reduction to be expected results from reduced lane densities (as reflected by the 
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family of curves in Figure 1). In this case, it can be assumed that the accident rate 
of the widened freeway will be a given percentage of the rate it would have experienced 
without widening at the predicted traffic volumes. The "expected" rates are approxi
mately as follows: 

Existing 

4-lane 
4-lane 
6-lane 
6-lane 
8-lane 

Proposed 

6-lane 
8-lane 
8-lane 

10-lane 
10-lane 

New Rate 

60 percent of 4-lane 
50 percent of 4-lane 
80 percent of 6-lane 
75 percent of 6-lane 
90 percent of 6-lane 

For instance, the same 4-lane freeway in the earlier example that has a predicted 
rate of 2.09 accidents per million vehicle-miles at 40,000 ADT would have a rate of 
0.60 x 2.09 = 1.25 if widened to 6 lanes and 0.50 x 2.09 = 1.05 if widened to 8 lanes. 

li this same freeway were upgraded to current standards as well as widened, the 
new accident rate can be read off Figure 1 (0.8 line) directly: 0.83 for 6 lanes and 0.68 
for 8 lanes. 

Occasionally highways are improved in stages. For instance, a 2-lane road is im
proved to a 4-lane freeway as the first stage and widened to 6 lanes as a second stage 
10 years later. In such a case, the "existing" (no improvement situation) accident rate 
for the second stage widening project is the accident rate predicted for the 4-lane free
way of the first stage. 

Swnmary of Rate Predictions 

Tables 1 and 5 give criteria for predicting accident rates. Notice in Table 1, for 
example, that the accident rate of 2-lane conventional roads is less than corresponding 
rates for roads with 3, 4, or more lanes. This is so not because 2-lane roads are 

TABLE 5 

METHODOLOGY SUMMARY FOR 
~::fl'l.MA11Nll l'U1Utt.C. l'\.\...\...llJ.c.1"'J. J.\.n..1.c.u 

Type of Facility 

Existing conventional highway 
and urban expressway 

Existing rural expressway 

Existing freeway 

New conventional highway and 
urban expressway 

New freeway and rural 
expressway 

Widened freeway 
4 to 6 lanes 
4 to 8 lanes 
6 to 8 lanes 
6 to 10 lanes 
8 to 10 lanes 

Shoulder widened on conven
tional highway 

Widened conventional highway 
2 lane to multilane 

How to Predict 
Future Accident Rate 

Current rate of existing highway 

New rate= (A/B) x ca 

New rate= (A/B) x ca 

0. 8 of latest statewide 3-year average 
(Table l'f' 

Figure 1 0. 8 rate valuesc 

60 percent of expected rate for 4 lanesd 
50 percent of expected rate for 4 lanes 
80 percent of expected rate for 6 lanes 
75 percent of expected rate for 6 lanes 
90 percent of expected rate for 8 

lanes 

0. 8 to 1. 0 of statewide average 
(Table 1) 

0.8 to 1.0 of statewide average (de 
pending on standards proposed) 
for type of multilane proposed 

aA = current accident rate; B = statewide average rate for current AOT; and C = statewide 
average rate for future ADT. 

blf new facility is to be constructed to less than current standards, use 1,0 of latest statewide 
rates. 

elf new facility is to be constructed to less than current standards, use 1,0 rate value in 
Figure 1. 

dExpected rate calculated as for existing rural expressway and freeway. 
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safer but because they have much lower traffic volumes, fewer cross streets, lower 
volume cross streets, and less roadside development. 

Using statewide rates will sometimes give grossly erroneous results. For instance, 
an existing rural 2-lane road with an accident rate of 2.6 being widened to a 4-lane un
divided road would have an indicated accident rate of 3.5 when, in fact, the rate should 
decrease. Unfortunately, until ongoing research on accident rates for conventional 
roads is completed, it is not lrnown how much the accident rate should decrease. In 
cases such as this, it is not possible to determine an accurate safety index. 

MINIMUM SAMPLE SIZE 

Accidents are statistically rare and random events. Accident frequency and conse
quently accident rates are subject to statistical variations. With small samples, say 
less than 25, the percentage variations can be very large, giving unreliable accident 
rates on the existing road to extrapolate into the future. 

There are ways to compensate for small sample size. One method is to extend the 
time period. In so doing, it is important that there be no substantial highway or en
vironn,1ental changes during the extended period. (This constraint applies regardless 
of the period of time.) A second method is to use the average rate of a longer section 
of similar and contiguous highway. In the following example, it is more accurate 
statistically to use the average rate of combined Projects A, B, and C (2.50) for each 
project rather than the individual rates. 

Number of Accident Rates 
Project MP/MP Accidents Actual Use 

A 0.0/3.0 7 1.95 2.50 
B 3.0/6.5 13 3.10 2.50 
C 6.5/10.0 10 2.38 2.50 

A,B,C 0.0/10. 0 30 2.50 2.50 

In the preceding example, it really is not lrnown which section is best or worst; and, 
therefore, it is assumed all 3 are the same. 

TYPICAL APPLICATIONS 

Two examples follow outlining how the safety index is determined. 

Major Construction Project 

A conventional 2-lane rural road is to be converted to a 4-lane freeway at a cost of 
$8,600,000 (unbudgeted construction plus unbudgeted right-of-way). The 1970 traffic 
is 11,500 vehicles per day, and 29,000 is predicted in 1990. Capacity of 24,000 vehicles 
per day of the 2-lane road is reached in 1984. No other parallel local road exists or 
is planned because the existing state highway crosses a marshy tideland. 

The travel that will occur with and without the freeway construction and the observed 
and expected accident frequency for the past 3 years is shown in the following example 
of an existing 2-lane highway, 6.9 miles long, proposed to be improved to a 4-lane 
freeway, 6.5 miles long. The construction and right-of-way costs (unbudgeted) is 
$8.6 million, and the project life is 20 years. Traffic data are as follows: 

Item 

Vehicles per day 
1970 
1984 
1990 

Vehicle-miles generated 

No Improvement 

11,500 
24,0ooa 
24,oooa 

987,000,000 

a Capacity of 2-lane road; no alternate routes available. 

With Improvement 

11,500 

29,000 
958,000,000 
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The accident experience for the past 3 years is as follows: 

Accident Se veritf Observed a 

Fatal 14 
Injury 48 
Fatal and injury 62 
Property damage only 61 

Total 123 

Expecteda 

3.6 
52.9 
56.5 
66.5 

123.0 

Significantb 

Yes 
No 
No 

aBased on 2.9 percent fatal, 43.0 percent injury, and 54.1 percent property damage only . 
bsee Figure 2. 

Note that the number of fatal accidents is abnormally high for a total of 123 acci
dents (only 4 are expected). Therefore, it is necessary to comput the specific accident 
cost for this 2-lane road. Specific average cost of accidents on existing road is as 
follows: 

Fatal 
Injury 
Property damage only 

Total 

Average cost 

14 X $95,000 = $1,330,000 
48 X 3,000 = 144,000 
61 X 900 = 61,000 

123 $1,535,000 

$1,535,000/123 = $12,480 

The accident costs and savings are as follows: 

Item 

2-lane road 
4-lane freeway 

Savings 

Safety index 

Number of Accidents Cost of Accidents 

987 X 1.93 = 1,905 1,905 X $12,480 = $23,770,000 
958 x 0.85a = 815 815 x $ 5,3oob = 4,320,000 

1,090 $19,450,000 

($19,450,000/ 8,600,000) x 100 = 230 percent 

ao.8 average accident rate at average ADT of 20,200 (Fig. 1 ). 
bAverage cost of rural 4-lane freeway accident with normal distribution of severities (Table 2). 

Spot Improvement Projects 

Similar analyses are made for all spot improvement projects under the traffic safety 
program . Most projects are at individual locations such as an intersection or a curve. 
However, other projects, such as guardrail and delineation devices, can extend over 
a considerable length of highway. California is presently constructing 710 traffic safety 
spot impr ovement pr ojects annually at a cost of about $ 30 million. 

Traffic volume increases, significance of past accident severity distributions, and 
the basic logic of the analyis are the same as outlined previously for major construc
tion projects. The service life of geometric items is also taken as 20 years. The 
service lives of hardware items-signals, guardrail, and signing-are based on ex
perience in California and vary from 2 to 15 years, depending on the item involved. 

The prediction of accidents on the improved facility is handled somewhat differently 
in the spot improvement program. Analyses of approximately 500 "before and after" 
accident studies (2, 12, 13, 14, 15) have measured the percentage accident reductions 
that can be expectedwithvarious types of projects. These studies have also indicated 
that accidents cannot be reduced below a certain level or base rate. That is, even the 
best designed and operated intersection, for example, will have accidents . This anal
ysis estimates that accidents can be reduced up to a given percentage, but that the re
sultant accident rate should not be less than the base rate. The average accident re
duction factors are not used in all cases. The study of accident histories at individual 
locations sometimes indicate that higher, or lower, reduction factors are more 
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appropriate. Table 6 gives these criteria. Both the reduction factors and the base 
rates are subject to refinements as additional studies are completed. Note that acci
dent rates at spot locations are reported in terms of accidents per million vehicles 
(MV) rather than million vehicle-miles (MVM). 

The analysis technique also provides for 2 alternative methods of predicting acci
dents on improved facilities. The first provides for the engineering analysis of in
dividual accidents and a determination of which accidents are susceptible to correction 
by the specific improvement proposed. This percentage reduction factor can be used 
as long as the reduced accident rate remains at or above the base rate. The reason for 
this limitation is that analysts sometimes neglect to consider trade-offs. For example, 
signal installations usually reduce right-angle accidents but often increase rear-end 
accidents. The other alternative analysis can be used in the case of guardrail projects, 
for example, where studies have shown that a reduction in the number of accidents may 
not be possible, but that a reduction in average accident severity (percentage of acci
dents that are fatal and injury) can be expected. 

A typical spot improvement analysis is given for the following project in which it is 
proposed to improve a 2-lane conventional highway in a rural area by constructing left
turn lanes. The cost is $22,000 for construction; no additional right-of-way is re
quired. The project life is 20 years. The 1969 ADT is 5,000 on the state highway and 
1,600 on the county road; the 1989 ADT is expected to be 8,000 on the state highway. 
Travel generated is 62 .6 million vehicles based on the sum of the ADT on the state 
highway and county road and on the assumption that the ADT on the county road will 
increase in the same proportion as that on the state highway. The existing accident 
rate is 0.98 accidents per million vehicles. The accident experience on the existing 
highway for the past 4 years is as follows : 

Accident Severitl'. Observed Expecteda Significant 

Fatal 0 0 .3 No 
Injury 8 3.8 Yes 
Fatal and injury 8 4.1 Yes 
Property damage only 1 4.9 

Total 9 9.0 
aBased on 2.9 percent fatal, 43.0 percent injury, and 54.1 percent property damage only 

(Table 3). 

The fatal category is not significantly high, but the injury category is . Therefore, 
the average cost of the past accidents (and the assumed cost of accidents in future 
without any improvements) is calculated as follows: 

Fatal and injury 
Property damage only 

Total 

Average cost 

8 X $8,800a = $70,400 
1 X 1,000 = 1,000 

9 $71,400 

$71,400/9 = $ 7,930 

a Average cost of fatal plus injury accident (Table 2). 

Table 6 gives a 50 percent accident reduction and a base rate of 0.60 A/ MV with 
painted channelization at a rural, unsignalized intersection. A 50 percent reduction 
would give a final rate of 0.49 A/ MV, which is lower than the base rate. Therefore, 
the base rate is used to predict accidents on the improved facility. Also, the average 
unit accident cost is used because the improvement should make the severity distribu
tion normal. 
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TABLE 6 

ACCIDENT REDUCTION FA CTOR& FOR HIGHWAY SAFETY PROJECTS 

Type of Improvement 

New signals 

Modified signals 

New signals with channelization 

Modified signals with 
channelization 

Left-turn channelization 
At signalized intersections 
At nonsignalized intersections 

With curbs and/or raised bars 
Urban area 
Rural area 

Painted channelization 
Urban area 
Rural area 

Flashing beacons 
Intersection flashers 

4-leg, red-yellow 
3-leg, red-yellow 
4-way, red 
Railroad crossing 

Advance warning flashers 
Curve and intersection 

New safety lighting 
At intersections 
At railroad crossings 

At bridge approach 

At underpasses 

Delineation 
Median double yellow 
Right-edge lines 
Reflectorized raised pavement 

markers 
Nn n-:ioccinn- <itl"'inpc 

R~fl~~t~ri~ed g~de markers 
At horizontal curves 
At bridge approaches 

Protective guardrail 
At bridge rail ends 
At embankments 

Pavement grooving 
Lengths less than O. 50 miles 

Lengths greater than 0. 50 miles 

Signing 
Curve warning arrows 
Advance curve warning with 

advisory speed 
4-way stop 
Advisory speed sign 
Special curve warning arrow 

with stated speed 

Reconstruction and miscellaneousg 
Less than 0. 50 miles in length 

Rural conventional roads 
Urban conventional roads 
Rural and urban freeways 

Greater than 0. 50 miles in length 

Average Accident Reduction 
(percentage of all accidents) 

15 

10 

20 

35 

15 

65 
70 
60 
30 
15 
50 

50 
50 
75 
80 

30 

5 
2d 
5 

30 
40 

50 
50 

20 

20 
70 
36 

75 

2oh 

8A/M V = accidents per mi llion vehicles; A / MVM = accidents per mi llion vehicle-mi les 

bNight accidents only. 
0Nlghttimo nuos baMNJ on 011t!-third A DT . 
do, 25 pen:.ent of ran olf-rOOO accidents. 
eo, 85 JM!fCtlnt or poss.Ing accidents 
1Wol puvcman1 accidenlJ ori ly. 

9\.Vlde.n.suparoltwotlon, cmrec::1, 1:ttn11ruct shou lder, ncrtm,1) curve radii, and increase sigh t di stance 
1~Or ,oduc1lon ba10d on , iudy of lncfl vld ual accident rt:!poru, . 

1Applicable statewide accident rates in Table 1, or 0 8 of rates if constructed to high standards 

Accident Base 
Ratea 

1.00 A/MV 
in urban areas. 

1 25 A/ MV 
in rural areas 

0.80 A/ MV 

0.40 A/MV 
0.40 A/MV 
0.50 A/MV 
0.80 A/ MV 
1.00 A/ MV 
0.60 A/ MV 

1.10 A/ MV 
0.70 A/ MV 
0.80 A/ MV 
0.20 A/MV 

1.00 A/MV 

0.80 A/ Mvc 
NA (assume 

1.00 A/MV)C 
NA (assume 

1.00 A/ 'MV)C 
0.70 A/ MVMc 

0.45 A/MVM 
1.85 A/MVM 
NA (assume 

2.00 A/ MVM) 
2.60 A/ MVM 

1.10 A/MV 
0.10 A/MV 

0.30 A/ MV 
1.20 A/MV 

Dry accident 
rate 

Dry accident 
rate 

2.50 A/MV 

1.80 A/ MY 
0.50 A/ MV 
2.28 A/MV 

1.30 A/MV 

1.00 A/MV 
1.33 A/MV 
0.50 A/MV _, 
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The number and costs of accidents with or without the improvement is computed as 
follows : 

Rate x million vehicles = number of accidents x unit cost = total cost 

The savings with the improvement are, therefore, as follows: 

Without improvement 
With improvement 

0.98 X 62.6 = 61 X $7,930 = $484,000 
0.60 X 62.6 = 38 X $4,600 = $175,000 

Savings 

Safety index 

23 

($309,000/ 22,000) X 100 

CONCLUSION 

$309,000 

1,400 percent 

Although the safety index concept is relatively new and modifications and refine
ments are desirable and ·are being made, this tool has proved to be helpful in evaluat
ing safety benefits of major construction and spot safety improvement projects. The 
index is making possible more informed and better decisions in scheduling these 
projects. 
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Appendix 
STATUTORY CONSTRAINTS ON THE DISTRIBUTION OF 

STATE HIGHWAY FUNDS 

Certain types of programs are designated as segregated expenditures and must be 
expended as outlined here. These programs include major construction, right-of-way 
acquisition, engineering, right-of-way acquisition overhead, traffic safety projects, 
signing and striping, minor improvements, thin blankets, office and maintenance build
ing construction, and certain state subventions to local agencies (matching funds for 
federal-aid secondary construction on county roads, funds to cities and counties for 
urban extensions, and assistance to local agencies for constructing railroad grade 
separations). For the 1969-70 fiscal year it is estimated that $738 million out of a 
total budget of $855 million will be subject to the segregated expenditure constraints . 

North- South Split 

The total segregated expenditures of each fiscal year must be allocated 55 percent 
to the southern 13 counties and 45 percent to the northern 45 counties. Included in 
these total expenditures are all the programs previously mentioned regardless of 
whether the underlying revenues are from the state or the federal government. 

District Minimums 

The southern half of the state is further subdivided into 6 regions and the northern 
half into 7. Seventy percent of the total segregated expenditures in discrete 4-year 
periods must be expended according to statutory prescribed percentages for each of 
the regions after the 45-55 split has been made. The remaining 30 percent can be 
expended at the discretion of the California Highway Commission in any southern region 
for the south funds and in any northern region for the north funds. 

The percentages that must be spent in each of the geographic regions are recom
puted each 4 years so that they correspond to the relative 10-year needs of each region 
within its north or south portion of the state. 

County Minimums 

1n addition, a minimum ot $4 m11110n m each ot the 4-year per10as must be spent 
in each county with the exception of 2 counties where only $ 3 million need be expended. 

Discussion 
J. P. MILLS, JR., Virginia Department of Highways-I have reviewed the paper by 
Tamburri and Smith with great inter est. I am in full agreement with the objective of 
developing a more sophisticated approach to the scheduling of highway projects than is 
generally followed in most states, cities, and counties. The approach to the problem 
in California appears to have much potential and a great deal of merit. However, to 
use this approach on a statewide basis, accident records and reporting must be avail
able and uniform throughout the state. 

In Virginia, as in many other states, there appear to be variations in reporting 
accidents in urban areas. Based on population, some cities are submitting many more 
reports than others. If the reporting system is not uniform, then, naturally, biased 
results will be obtained. 

In using the safety index system, it seems that urban roads should be arrayed 
against urban roads and rural against rural. It would be interesting to work up a few 
examples and see if this is true. Although I am sure that this system can be used to 
good advantage on stopgap projects, I am not sold on it. 
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Stopgap projects, as we know them in Virginia, generally range in cost from 
$1,000 to $100,000. They are initiated for 1 of 2 reasons-safety or congestion. 
One or both are usually outstanding and easily justified. 

I doubt if accurate results could be obtained by using this system on roads in the 
western mountainous sections of our state. I refer to these roads where the alignment 
is so bad that accidents do not occur. However, straighten the roads and sometimes 
the accidents and severity both increase. 

In conclusion, I am in full agreement that this system has great potential on our 
heavily traveled roads, as well as on stopgap projects of a similar nature. However, 
the accident data must be full and uniform on a statewide basis if allocations are to be 
made on this same basis. 

VICTOR J. PERINI, JR., Highway Users Federation for Safety and Mobility-Perhaps 
I should preface my brief remarks by admitting that I am a lawyer and not an engineer. 
Consequently, I must plead the Fifth Amendment to any questions involving the curve 
of skewness, whatever that may be. 

I do wish to commend Tamburri and Smith for their excellent paper. As a tool for 
making more effective priority decisions, the safety index system will become increas
ingly useful as needed data become more comprehensive and accurate. I will not at
tempt to comment on the mathematics involved in the index, but I assume that every
thing is correctly tallied and totaled. 

It is evident that considerable thought was given by the authors to the question of 
accident severity, and to the introduction of severity into the computation. I would 
hazard a guess that, if somehow we could accurately assess both immediate and long
range economic impacts on the surviving family when its breadwinner dies on the high
way, including such often-overlooked costs to the public resulting from possible govern
mental assistance to the survivors (through Social Security, Aid to Dependent Children, 
or other such programs) and not forge ting possible costs of litigation that might arise 
in settling claims, the $95,000 figure used by the authors as the accident cost of a 
rural fatality might be on the conservative side. I am not quarreling with the figure 
of $95,000, but this does raise another point that might merit a brief observation. 

My experience as a trial lawyer in the field of automobile negligence litigation, 
which concerns itself with civil restitution of money damages resulting from automobile 
crashes where fault is found, has made me very much aware of the fact that the severity 
of impact of the vehicles involved in a crash may have little to do with the extent of in
jury or cause of death to drivers and passengers. Let me clarify this quickly: Every 
collision involves a series of chance circumstances that can have a very great influence 
on the final outcome of the incident. A relatively minor collision becomes fatal be
cause someone is thrown from the car, through the windshield, or against some portion 
of the vehicle's interior that turns a bump into a penetrating wound. A concussion in
jury to a young man may prove fatal to an elderly person. Use or nonuse of seat belts 
can make the difference between a sore stomach or a quiet funeral. In each of these 
situations, the severity and location of impact on the vehicle can be comparable; only 
the results are starkly different. 

This suggests that many accident analyses might point out a particular location for 
priority attention because of chance circumstances that turn an injury or property
damage-only accident into a fatality. And conversely, a possibly more hazardous lo
cation may be given a lower priority because crashes at this location, even with com
parable fact situations and severity of impact of the vehicles results in minor or no 
injury. I know that the authors were aware of this problem, and have reduced the 
possibility of chance affecting their decisions by using a statistical technique that my 
engineering friends assure me is reasonable. Again I will take the Fifth Amendment 
to any questions directed to me concerning the technique. 
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Perhaps what I am struggling to say is that the severity of impact on the vehicle is 
probably easier to measure at the scene than the effect of the impact on the people in
voi ved. And yet the police officer frequently attempts to indicate the severity of injury 
to the victims and limits information about severity of damage to the vehicle by just 
reporting damaged areas and placing a dollar "quesstimate" of vehicle repair costs. 
In effect, the emphasis is placed on the aspect of the crash that is of lesser value to 
the engineer, although of possibly great value to people concerned with the medical 
aspects of vehicle collisions. What is more important to the engineer is the vehicle 
damage, which is the reflection of the severity of the impact. And because some of 
my best friends are engineers, I would not want this situation to continue . Therefore, 
I shall plunge forward bravely and mention something that makes a certain amount of 
sense to me. 

I am advised that one method that could aid in measuring crash severity is use of 
the traffic accident data project pictorial damage scale. Essentially the pictorial dam
age scale is a series of photographs of crash-damaged vehicles with varying degrees 
of similar type of damage illustrated on each photograph. A police officer at the scene 
can measure severity of damage by comparing the crashed vehicles with the photograph 
on the scale that most closely portrays the actual damage incurred. A crash severity 
value is thereby determined. The use of such a scale will permit the officer to report 
a more meaningful estimate of severity of impact, which, of course, is important in
formation to the engineer in determining hazard potential of a location. If average 
accident costs were computed for each severity class appearing on the pictorial scale, 
the safety index approach for using dollar amounts would still be used. And, finally, 
I am informed that the use of a pictorial damage scale in every state would be a big 
step in achieving nationally uniform data relative to collision severity. 

I would certainly hope that my remarks are in no way construed as criticism of the 
safety index presented by these distinguished authors. Rather I would want my re
marks to be considered as a plea for more usable data that would help Tamburri and 
Smith develop even better techniques. 

'!'!!0l\!...A_8 l'T. '!'_A_MBT_TRR! ?nrl RT('H A Rn N . RMT'T'H ; rln1'nrP-'T'hP authnr1' arp gratP
ful for the kind comments of Mills and Perini. 

Mills is concerned that the nonuniform reporting level of accidents would have an 
effect on the validity of the safety index in establishing priorities between projects in 
rural and urban areas. Because of the nonuniformity of reporting, he feels that urban 
projects can be compared only with other urban projects, and rural projects only with 
other rural projects. A previously reported study (10) determined the percentage and 
cost of accidents by various categories, such as fatal, injury, property damage only, 
rural, urban, conventional, and freeway. Accident costs used in safety index deter
minations are adjusted upward so that total costs determined by this method include 
the cost of unreported accidents. Because the safety index calculation includes both 
reported and unreported costs, all types of pr ojects can be compared to one another. 

Mills f urther feels that the safety index cannot be used on s topgap projects ($ 1,000 
to $100 ,000), except those of a similar nature. Although the safety index can be used 
for justification (on the basis of safety only), its primary objective i s to r ate on a 
priority basis large numbers of worthwhile projects . When funds are limited (and they 
always are), the safety index is a tool for determining which projects give the greatest 
safety benefits per dollar expended so that the projects with the highest safety returns 
per dollar can be programmed earliest. This method results in greatest total safety 
benefits and the earliest safety benefits for the limited available resources. 

It is true that some roads are so poor geometrically that they have a good safety 
record. In these cases, the safety index calculations do indicate that little or no safety 
benefit can be expected. However, other considerations, such as lack of capacity and 
maintenance costs , may indicate that the project is worthwhile nevertheless. 
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Perini suggests the use of the traffic accident data project pictorial damage scale 
to refine the safety index analysis. There is a considerable area of chance occurrence 
in traffic accidents, and this is precisely the reason that we used a statistical test, 
as Perini has observed. The difference between a fatal and an injury accident, or an 
injury and a property-damage-only accident, can be a very fine line indeed. It is also 
true that certain sections of highway do have considerably higher proportions of the 
more severe accidents. This becomes more apparent and more certain as the accident 
sample size becomes larger. Despite chance, the proportion of fatal accidents and in
jury accidents for a given road type in a given area is oftentimes remarkably stable. 

The authors agree that the pictorial scale method has a potential for refining the 
method and should be investigated. 




