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Abstract (cont'd)

related to the rate of accident involvement, decreased on primary highway
in 1974 and remained down in 1975.

In 1974, total crashes fell 10 percent from the previous year while
fatal crashes dropped 22 percent. The number of total crashes returned
to pre-crisis.levels in 1975, but the number of fatal crashes continued
to fall, resulting in a net decrease of 24 percent over 1973. As anti-
cipated, overall crash severity as indicated by TAD severity scores
decreased significantly in both 1974 and 1975 for rural roads. Surprisingly,
the analysis of driver injury indicated a significant increase in severity
between 1973 and 1974 on rural primary highways with posted speed limits
originally greater than or equal to 55 mph. However, by 1975, the distri-
bution had shifted away from the extremes so that the net result was a
shift into the slight (C) and moderate (B) injury categories. Mean
travelling speeds prior to accidents did not change during the three
years. Furthermore, crash rates failed to reveal any dramatic inter-
ruption during the crisis period. A comparison of the percentage change
in Average Daily Traffic (ADT) and total crashes revealed that a substan-
tial portion of the reduction in total crashes for Interstate and US
highways was not "predicted" by decreased volume.

This study illustrates the complex, interactive, and seemingly contra-
dictory nature of the changes that took place in the North Carolina
driving environment. It clearly demonstrates that reduced travel contri-
buted significantly to the lower number of fatal accidents. The magnitude
of the effect of the lowered speed limit on accident frequency was not
so clear-cut as its beneficial effect on accident severity.



TECHNICAL SUMMARY

From December 1973 through April 1974, the United States
experienced a severe shortage of petroleum fuels. This situation,
generally referred to as the energy crisis, resulted in a number of
changes, both direct and indirect, in the driving environment. While
many of the factors that were affected have since resumed their pre-crisis
behavior, several changes are still present. The 55 mph speed limit has
been made permanent, the price of gasoline remains in the 60 cents per
gallon range, and the American automobile manufacturers are producing
more vehicles that are smaller and lighter in weight with a strong
emphasis on fuel economy.

Perhaps the most noteworthy change during the crisis was the
substantial reduction in the number of total and fatal accidents. Numerous
studies have attempted to determine what proportion of the reduction
in fatalities could be attributed to different factors. Although it is
generally accepted that the lowered maximum speed limit and reduced travel
were largely responsible, the relative importance of these two factors
is still subject to considerable debate.

This report began with similar objectives using North Carolina data.
However, it soon became apparent that any attempt at quantification of
the variables responsible for the reduction in fatalities would necessarily
involve making severe and perhaps unreasonable assumptions. Initial
examination of the data revealed the complex and interactive nature of
the changes that occurred during the crisis. In fact, some of the
findings were not entirely consistent, in that analysis of different
factors sometimes led to contradictory conclusions. Furthermore, the
absence of detailed exposure data proved to be a major hurdle in the
analysis. Data on exposure would have shown in what way the characteristics
of the driving population and the vehicles, routes and trip purposes
changed.

The analysis in this study is based almost entirely upon the observed
changes in accident characteristics. For these reasons, it was deemed
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more appropriate to present a description and analysis of the many changes,
both in the highway environment and in the traffic accident characteristics
in North Carolina, that came about during the energy crisis period.

Figure S.1 displays the overall estimated monthly mileage for North
Carolina between 1962 and 1975. It is apparent that mileage had been
increasing in a linear fashion since 1962, but that this pattern was
interrupted in 1974. Using techniques of time series analysis, a model was
fit to that portion of the data prior to January 1974. From this
model, mileage forecasts were obtained for the first four months of 1974
and 1975, and indicated that the observed mileages were 13.7 and 11.3
percent, respectfully, below expectation. As anticipated, weekend traffic
volumes decreased substantially more than weekday volumes, while rural
volumes dropped more than urban volumes.

In December of 1973, the 55 mph maximum speed 1imit was imposed in
an attempt to conserve fuel supplies. Since North Carolina had relatively
few miles of highway with a posted speed 1imit greater than 55, this change
probably did not have as significant an impact as in other areas of the
country. Curiously enough, while the mean speed on Interstate highways
did fall substantially during 1974, decreases in mean speeds were alsc
observed on roads where there was no change in posted speed limit.

By 1975, mean speeds on all non-Interstate highways had returned to
pre-crisis levels. Speed variability, however, decreased substantially
on main highways during the crisis and remained down the following year,
even though mean speeds were increasing. As speed variability is directly
related to the rate of accident involvement, this observation suggests
a possible explanation of the lower accident frequencies observed during
and after the energy crisis.

As noted earlier, the decrease observed in the number of crashes
during this period is of primary concern. From Table S.1 it is seen
that in 1974, total crashes fell 10 percent from the previous year, while
fatal crashes dropped 22 percent. Both of these reductions were due
primarily to decreases in rural, weekend accidents. In 1975, the number
of total crashes returned to the pre-crisis level. However, the number
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of fatal crashes continued to fall resulting in a net decrease of

24 percent as compared with 1973.

Table S.1. Total and fatal crashes in North Carolina
(January through April).

Population Number of Crashes Percent Change

1973 1974 1975 73-74  74-75 73-75

Entire Total | 37832 33946 37979 | -10.27 11.88 0.39
State Fatal 478 375 361 | -21.55 -3.73 -24.48

Total | 17236 16919 19278 -1.84 13.94 11.85

Urban £y tat 88 53 60 | -39.77 13.21 -31.82

Total | 20596 17027 18701 | -17.33  9.83 -9.20
Rural Fatal 390 322 301 | -17.48 -6.52 -22.82

Total | 22336 21422 24055 -4.09 12.29 7.70

Weekday — p...4 233 211 185 | -9.44 -12.32 -20.60

Total | 15496 12524 13924 | -19.18 11.18 -10.14

Weekend  pata) 245 164 176 | -33.06  7.32 -28.16

An examination of the proportion of total crashes that resulted
in fatalities for different road systems produced some unexpected results.
Table S.2 illustrates that the only significant (p < .05) change in this
proportion occurred on city streets where there were no reductions in
posted speed limits. Even more surprising was the fact that the proportion
of fatal crashes actually increased during the energy crisis (although
not in a statistically significant sense) for Interstate highways where
the speed limit changes were largest.



Table S.2. Proportion of total crashes that resulted
in one or more fatalities by road type.

Percent Change in Proportion
Year of Fatal Crashes
Road
Type 1973 1974 1975 73-74  74-75  73-75
) 033 .043 .03 30.3  -27.9 -6.1
Iy 794 438 51
) 019  .018  .016 5.3 -11.1  -15.8
US' n | 6067 4606 4850
5 023 .021  .019 -8.7 9.5  -17.4
NC  y 4432 3646 4073
B 016 .018  .015 12.5  -16.7 -6.3
RPR x| 8807 7801 8707
5 .005  .003  .003 -40.0* 0.0  -40.0*
CS N | 17746 17566 19684

* Change significant (p < .05)

While the ratio of fatal crashes to total crashes is representative
of accident severity, more direct measures are provided by the distribution
of driver injury, most severe injury in an accident, and TAD (vehicle
crush). Ridit analysis was used to investigate possible changes in these
distributions for urban, Interstate and rural primary (US and NC)
highways. Table S.3 presents the mean ridits for each category along
with the results of tests on the differences between years. As would be

. expected, TAD severity decreased during the energy crisis, although
the change was only significant (p < .03) on rural primary highways,
and not significant on Interstates where the posted speed 1limit (PSL)
was greater than or equal to 55 mph. An examination of driver injury
and most severe injury revealed changes in severity for all three road
categories during the energy crisis, but only the change in driver
injury for rural primary highways with PSL > 55 was significant (p = .03).
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This observatior is quite surprising as one would have expected the lower
mean travelling speeds during 1974 to reduce accident severity.

Table S.3. Changes in accident severity indicated by mean ridits
for driver injury, most severe injury, and TAD.

Severity Road System Mean Ridit P-values?
Measure 1973 1974 1975 | 73-74 74-75 73-75
_ Interstate, PSL!> 55 | .4973 .5105 .4948 .26 .23 .83
?;}Zﬁ; Rural Primary, PSL>55 | .4967  .5047  .4999 | .03 .23 .37
Rural Primary, PSL<55|.4977 .5011  .5017 .46 .89 .38
Most  Interstate, PLS>55 .5033  .5109  .4850 .60 .11 .20
?ﬁgﬁ;; Rural Primary, PSL>55 | .4978  .5058  .4976 0 .10 .96
Rural Primary, PSL<E51] .4957 .5018 .5034 .33 .80 22
Interstate, PSL>55 .5137  .4967  .4819 .33 .43 .04
TAD .
severity Rural Primary, PSL>55 | .5160  .4967 .4819 .00 .uo .00
Rural Primary, PSL<55 | .5172  .5027 .4803 .03 .00 .00

lposted speed limit
2p.values for the corresponding difference of mean ridits

An examination of the mean estimated speed prior to impact for crashes
where the driver was killed or seriously injured suggests one possible
expianation for this phenomenon. Tests on the mean speed prior to
impact revealednosignificant changes during the entire three year pericd
either for roads with PLS<55 or roads with PSL>55. This suggests that
perhaps the slightly lower mean speeds may have enabled some drivers to
avoid potential accident situaticns, but that those drivers who were involved
continued to crash at roughly similar speeds throughout the period of
study. '

Crash rates based on vehicle mileage also failed to reveal any dramatic
interruptions during the crisis period. Figure S.2 displays the rates for
total, fatal and non-fatal injury crashes for the first four months of the
years 1962 through 1975. The total crash rate appears to have been experienc-
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ing an upward trend since 1962, but then dropped 14.4 percent between 1971
and 1972, two years before the fuel shortage. The 13.1 percent decrease in
the fatal crash rate between 1973 and 1974 appears to be largely a continu-
ation of the previous downward trend.

The analysis of accident severity measures and crash rates suggests
that at least for North Carolina, the impact of the 55 mph maximum speed
1imit may not have been very substantial. Hcwever, there is evidence
that prevents one from drawing this conclusion. For example, past studies
into the relationship between average daily traffic counts and total
crashes suggest that a percentage change in the former gives rise to a
similar percentage change in the latter. From Figure S.3, it is obvious
that the percent decrease in total crashes for Interstate and US highways
during the energy crisis was substantially greater than what would
have been "predicted" by the change in average daily traffic. Since it
was these two road systems that were most affected by the speed limit
changes, it appears that other factcrs, in addition to volume changes,
had a sizeable impact on accident frequency.

Along with the changes noted abcve, several other factors such as vehicle
size, occupancy, driver characteristics, etc., also experienced mincr
changes during and after the energy crisis. Together they illustrate the
extremely complex nature of the changes that took place in the driving
environment during this period. These is 1little docubt that the lower
traffic volumes contributed substantially to the reductiorn in fatal accidents
in North Carolina, and perhaps unlike other areas of the nation, the Towered
maximum speed 1imit may have had more of an indirect, but nevertheless
important, impact on accident frequency.
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Figure S.3 Percentage decrease in average daily traffic by
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N.C., and rural paved roads and city streets.
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1. INTRODUCTION

1.1 Background

From December 1973 through April 1974 the United States experienced
a severe shortage of petroleum fuels. As a result of gasoline cutbacks,
a number of changes occurred in the driving environment. Specifically,
the maximum speed 1imit was reduced to 55 mph nationwide; the cost of
gasoline increased from approximately 35 to 40 cents per gallon to
approximately 60 cents per gallon; nonessential travel, especially week-
end travel, was heavily discouraged by public officials; and much empha-
sis was placed on fuel economy and the use of smaller cars. During this
time a crisis atmosphere prevailed, and for this reason the collective
events occurring between the months of December 1973 and April 1974 have
been referred to as the "energy crisis." This report presents a descrip-
tion and analysis of those changes, both in the highway environment
and traffic accident characteristics in North Carolina, that came about
during this energy crisis period.

Discussed herein are changes in the following highway and accident
characteristics:

Changes in the number and severity of crashes;
b. Changes in traffic flow patterns;

c. Changes in the nature, frequency and severity of accidents
involving trucks and passenger cars;

d. Changes in vehicle occupancy;
e. Changes in driver characteristics and violations.

1.1.1 Review of events during the energy crisis.

First, a chronology of events in the energy shortage that could be
considered to have affected driver behavior is presented.

On November 7, 1973, following King Faisal's November 4 announcement
that all shipments of petroleum to the U.S. from the Arab countries
would be halted, President Nixon announced to the American public via
television and radio that he would request from Congress emergency



legislation involving measures to conserve energy. Although reports

and predictions of an impending petroleum shortage had circulated through
the news media for several months, it was then that the public became
aware of the reality of the shortage. In his Movember 7 address,
President Nixon asked for legislation to establish vear-round Daylight
Saving Time and to lower the maximum speed limit, among other neasures.
In response to his plea, North Carolina's Governor Holshouser announced
on November 13 that the maximum speed 1imit on all roads in the state
would be reduced to 55 mph as of December 1. On November 25, President
Nixon announced a 15 percent reduction in gasoline deliveries to retail
dealers and called for a voluntary ban on Sunday gasoline sales. A

study by the National Opinion Research Center (1974) reported that, by
the end of November, motorists were having significant difficulty obtain-
ing gasoline.

On December 2, the first "gasless Sunday" in Horth Carolina, traffic
was reported to be much lighter than usual and most service stations
were closed. During this time, gasoline prices across the U.S. were
also on the increase so that, by December 19, the nationwide average
retail price of gasoline was 44.6 cents per gallon, as compared to
37.2 cents for January, 1973. A1l of these effects tended to heavily
discourage unnecessary driving and this had a decided effect on Christmas
travel. In Horth Carolina, a majority of service stations were closed
from Saturday, December 22 to Wednesday, Necember 26. During the
New Year's weekend (Sunday, December 30 through Tuesday, January 1),
about 75 percent of local service stations were closed in North Carolina.
Holiday travelers chose trains and airlines over automobiles as their
means of transportation. The National Opinion Research Center study
(1974) reported a large increase (from 21 to 37 percent) in the percent-
age of people reporting difficulty in getting fuel just prior to
Christmas.

By the first of January, service station hours of operation were
being sharply curtailed, which made gasoline more difficult to obtain
and made it appear more scarce. On January 6, Daylight Savings Time
was put into effect, resulting in an additional hour of darkness



between approximately 7:30 and 8:30 a.m. and an additional hour of day-

light between approximately 5:30 and 6:30 p.m. During January, gasoline
prices continued a steady spiral, ranging from 42 cents to 50 cents per

gallon, and many service stations implemented varied types of rationing

plans to assure "regular customers" some gasoline and to try to make

the monthly allocation last until February 1. HNevertheless, toward the

end of January, many stations were dry.

During February, gasoline supplies continued far below demand, with
North Carolina's allocation being 73.2 percent of the February 1973
sales. Voluntary rationing at the station level continued, with the most
common plans being a three dollar limit or a 10 gallon limit. Most
stations were closed on nights and weekends, and daytime hours of opera-
tion were restricted. On February 17, Governor Holshouser outlined an
odd-even rationing plan for Morth Carolina, under which vehicles with
odd-numbered tags would be allowed to purchase gasoline on Monday,
Wednesday, and Friday, while vehicles with even-numbered tags could buy
gasoline on Tuesday, Thursday, and Saturday. The plan also requested
that service stations sell more gas per customer and that customers not
buy gas unless they had less than half a tank. This plan appeared to
dispel some apprehension about gas availability and to produce shorter
Tines. There was a truckers' strike from January 31 through about
February 8, and a significant decrease in the number of trucks on the
road was noted. Toward the end of February, however, long gas lines
were still common, with many customers waiting over an hour to purchase
gas. Prices during February were in the 49 cents to 54 cents per gallon
range.

The March allocation for North Carolina was announced to be 82
percent of the March, 1973 supply. Prices were up also, ranging in
the 55 to 60 cents marks. As a result of increased supply, and perhaps
decreased demand, gasoline lTines were shorter in early March, and by
March 11, the supply of gasoline exceeded the March 1973 supply. Gas
lines were greatly diminished, stations were operating longer hours,
and the situation was considerably eased. On March 13, the Arab oil
embargo was lifted. President Nixon rescinded the Sunday ban on gaso-
line sales on March 19, and many N.C. stations were open the following
Sunday.



By the end of March, the fuel shortage itself could be considered
to be over; however, many of its effects still remained. The maximum
speed limit in all states, including North Carolina, stayed at 55 mph;
a number of motorists had shifted to smaller cars to conserve fuel and
decrease the cost of driving; and the price of gasoline remained high,
continuing to be a discouragement to unnecessary driving.

Through 1975 the 55 mph speed 1imit remained in effect in all
states. Fuel was read*ly available to the motorist and the price of
gasoline dropped from over 60 cents a gallon to about 51 cents a gallon
in North Carolina -- an encouragement to motor vehicle travel. Emphasis
continued to be placed on fuel economy, as EPA gas ratings were highly
stressed in new car advertisements. Trends were toward the purchase of
smaller cars and motorcycles which would enable the motorist to travel
on less gasoline.

During 1975, the U.S. also suffered a period of economic recession
resulting in many job layoffs. The Bureau of Economic Analysis of the
Department of Commerce reported a 141 percent increase in the number of
job Tosses in the second quarter of 1975, compared to the second quarter
of 1974. North Carolinians were not exempted, as many industries across
the state laid off workers in response to poor economic conditions.

This is notable in that the motor vehicle death rate has traditionally
fallen during times of economic hardship.

1.1.2 Review of the literature.

Several studies have been conducted in an effort to determine what
actually occurred before, during, and after the energy crisis. The
studies have usually tried to arrive at some assessment of the impact
of the lowered speed 1imit on highway safety. Logical reasoning or
"heuristic arguments," applying assumptions which are not universally
accepted, as well as statistical techniques have been used in attempts to
assess the effects of the 55 mph speed 1imit in relation to other
changes which were in operation at the same time (i.e., reduced travel,
changes in the economy, Daylight Savings Time, vehicle safety improve-
ments, highway safety programs, changes in travel patterns, etc.). A
review of some of the major studies follows:



National Safety Council (1974)

The National Safety Council (1974) reported a 24 percent decrease
in U.S. traffic deaths for the first four months of 1974 as compared
with the same period in 1973. Information for their analysis was
obtained from various sources including 15 state motor vehicle
authorities, 35 state vital statistics authorities, the U.S. Department
of Transportation (including the Federal Highway Administration), the
International Bridge, Tunnel and Turnpike Association, the Bureau of
Public Roads, the Motor Vehicle Manufacturers Association, and various
polls.

Estimates for the number of 1ives saved nationally and percentages
for various changes in the U.S. during the energy crisis were derived
independently of one another assuming no interactions. For example,
an indirect estimate of the number of lives saved by a reduction in
speed was obtained by using research findings that indicated that the
chances of being killed or seriously injured, if involved in an
accident, double with each 10 mile per hour increase over 50 mph. A
range of 12 to 19 percent reduction in fatal and serious injuries
was expected to be possible with full compliance of the lowered speed
1imit; however, assuming a 70 percent compliance level, the effect
would be from 8 to 13 percent. Since the ratio of the number of injuries
to the number of deaths increased 13 percent, a reduction in accident
severity is indicated. The authors concluded that of the factors which
would produce such an effect -- improvements in vehicle design and
engineering, better highway design and removal of roadside obstacles,
and lowering of speeds -- only reduced speeds could produce such a
large reduction in accident severity. Thus, a conservative estimate
of 11 percent was attributed to a reduction in speed. Similar lines
of reasoning were presented for other changes which were noted during
the energy crisis, and an estimate made for each: reduction in gaso-
line and travel (-5 percent), reduction in average occupancy (-3 percent),
change in day-night travel (-2 percent), change in type of road used
(-1 percent), increase in the use of safety belts (-1 percent), and
increase in the use of motorcycles, pedalcvcles, and small cars
and increased age of driver (+1 percent). Since the total



of these percentages was not -24 percent, the remaining -2 percent was
attributed to an "other" category, consisting of both known and

unknown changes. Table 1.1 shows the results of this analysis.

Table 1.1 Preliminary analysis of reduction
of motor-vehicle traffic fatalities
(January-April 1974 vs January-April 1973).

Reduction in speed -11%

Reduction in gasoline and travel 5%

Reduction in average occupancy - 3%
Change in day-night travel - 2%
Change in type of road used - 1%
Increased use of safety belts - 1%
Other (both known and unknown) - 2%
Motorcycles, pedalcycles, small
cars, age of driver A%
Four month fatality reduction -24%

American Association of State Highway
and Transportation Officials (1974)

An evaluation of the 55 mph speed 1imit was conducted by an

"ad hoc" committee of the American Association of State Highway and
Transportation Officials (1974). Data was collected from 48 states
for the first six months of 1973 to be compared with the same time
period of 1974. Some states provided information for 1971 and 1972.
The states were asked to provide speed, accident, and travel data in
a prescribed format. Although not all states had all data available
in the prescribed format, the committee felt that the data available
was sufficiently reliable to use for the study.

The committee found that the 55 mph speed 1imit reduced speeds
by up to 10 mph and that travel speeds were more uniform. Vehicle
miles of travel were reduced about five percent for the first six
months of 1974 as compared with the same time period in 1973. Further-
more, the committee concluded that since the variation in travel



fluctuated with the availability of fuel, it was primarily the fuel
shortage which caused this reduction in travel.

The AASHTO report showed that rural travel decreased more than
urban travel (7 percent vs. 5 percent), night travel decreased more
than day travel (7 percent vs. 6 percent), and weekend more than
weekday (8 percent vs. 5 percent), all of which indicate changes in
the type of travel, such as a curtailment in pleasure or recreational
travel. Shifts in travel patterns did not appear to affect a large
reduction in fatalities. Both freeways and non-freeways experienced
reductions in travel,with substantial reductions in fatalities on the
freeways where fatality rates were already lowest. The committee
could not conclude that shifts in travel from one road type to another
significantly reduced the overall fatality rate. Based on past
studies relating Average Daily Traffic (ADT) Volumes and accident
rates, it was surmised that the reduction in travel in 1974 could not
have caused a reduction in fatalities of more than 5 percent, which
would be slightly more than one-fifth of the 23 percent reduction in
fatalities.

The report indicated that the largest reduction in fatalities
was observed on rural roads where the speeds were highest and speed
reductions the greatest. Based on past studies and the fact that
fatalities were still down 13 percent after travel increased, and
that fatalities were reduced twice as much on roads where the speed
1imit was changed as compared to roads where the speed limit was not
changed, the report attributed roughly 50 percent of the reduction
in fatalities to the 55 mph speed limit. Other factors such as Day-
light Savings Time, improved driving behavior and safety belt usage
were determined to have contributed only small amounts to the reduc-
tion in fatalities. Table 1.2, which was taken from the report,
summarizes the reduction in fatalities.

The committee concluded by recommending that the authority and
responsibility for setting a maximum speed 1imit rest with the
individual states,with a strong recommendation that maximum speed
Timits remain at 55 mph.



Table 1.2 Factors contributing to the reduction in fatalities
during the energy crisis (AASHTO, 1974).

Item Percent Reduction

Reduced Speeds and

More Uniform Speeds 11%
Reduced Travel 5%
Others %
TOTAL 23%

Michigan (1974)

A study by Enustun, Hornbeck,Lingeman and Yang (1974) for the Michigan
Department of State Highways and Transportation reported that Michigan
experienced a downward trend in all types of accidents after the fall
of 1973 but experienced only a slight drop in the number of miles
traveled. Speeds in Michigan were reported to have decreased long
before the legal speed 1imit was reduced. The conclusions presented in
this report are as follows:

1. Comparing the seven-month period of the Fuel Crisis
(October 1973 through April 1974) with the correspond-
ing seven month period one year earlier, travel on
conventional trucklines decreased by 4.8 percent.
Total, injury, and fatal accidents decreased by
12.8, 17.2, and 30.0 percent, respectively.

2. For freeways, travel decreased by 6.3 percent with
total, injury, and fatal accidents decreasing by
19.7, 19.6, and 17.0 percent, respectively.

3. During this period, 85th percentile freeway speeds
steadily decreased from 73 mph (just prior to the oil
embargo) to 63 mph (end of oil embargo). From the end
of the embargo to October 1974, the speed had gradually
increased to about 65 mph.

4. For two-lane high speed conventional highways, 85th
percentile daytime speeds steadily decreased from
approximately 66 to 59 mph during the oil embargo.
They had increased to ahout 60 mph by October 1974.



5. For four-lane divided high speed conventional highways,
85th percentile daytime speeds steadily decreased from
approximately 70 to 62 mph during the oil embargo.
After the embargo they had increased to about 60 mph.

6. The data indicated that the greatest decrease in the
85th percentile speed occurred prior to the time that
the 55 mph speed 1imit took effect but after the
President of the United States had urged the nation to
drive under 50 mph. It appeared that the greatest
reduction in speed resulted from a short-term change
in driver attitude due to factors (availability of
fuel, response to the President's appeal to conserve
fuel, etc.) other than the lowering of the speed limit
to 55 mph. '

7. Statistical analysis of accident data for the 30-month
period (January 1972 through June 1974) indicated that
there was a relationship between average speed of
travel for a particular roadway system and total and
fatal accidents. This relationshin suggested that
conventional highways are more sensitive to speed
changes in terms of accidents than are freeways.

The report recommended that considering the high priority of
energy consumption, Michigan adhere to the 55 mph speed 1imit in spite
of increases in the 85th percentile speed.

California (1974)

In contrast to the conclusions of the AASHTO report, a California
study by Pudinski (1974) attributed the greatest number of lives saved
to decreases in traffic volume. Based on data collected by the
California Highway Patrol (CHP) and other accident reporting agencies,
it was shown that 54.9 percent of all fatalities occurred in under
55 mph zones where the reduced speed 1imit could have had 1ittle or no
effect.

Only unpredictable forces, such as volume changes, Daylight
Savings Time, bicycle and pedestrian changes, and speed changes, were
examined in California, as it was assumed that only these factors would
cause deviations from the trend line. Predictable forces such as
improved highways, belt usage, etc., would be accounted for in the trend
line. Calculations were made of the number of lives saved due to a
' decrease in volume of traffic, unexplaindd bicycle and pedestrian
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fatalities, Daylight Savings Time, a tighter speed distribution, and
absolute speed decreases. Table 1.3 shows the results for data
collected from January through March, 1974, while Table 1.4 shows pro-
visional data results for the Highway Patrol for April through June,
1974 (as extracted from the report).

Large proportions of the drops from expectation were unexplained;
the percentages for non-CHP fatalities (which occurred where there were
no changes in the speed 1imit) were the same as for CHP fatalities.

For this reason, the author concluded that the 55 mph speed limit was
not responsible for those drops.

Colorado (1974)

The Colorado State Department of Highways compared the number of
fatal accidents for February through August, 1974, with the same period
in 1973 for zones with previous speed 1imitsabove 55 mph. The comparison
showed that the entire reduction in fatalities occurred where the speed
limit had been lowered. A1l state highway systems exhibited reductions
in average speed, number of accidents, number of injury accidents, and
number of injuries in all categories, both rural and urban. A combina-
tion of reduced speed and travel and the Colorado Safety Improvement
Program were credited with the reduction in rural fatalities. The
report concluded that, in urban areas, the decreases were mostly the
result of decreased travel, although average speeds were found to have
been lowered.

The 55 mph speed was found to have reduced the average speed of
vehicles traveling in previously 60-70 mph zones by approximately 11
percent. There was a slight decrease in the average speed of vehicles
involved in fatal accidents in these areas. The authors could not
assign the entire fatality reduction to either rural areas or urban
areas or to a particular highway system. Alcohol usage, 1ight condi-
tion, driver age, and urban/rural distribution showed no significant
trend changes.
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Table 1.3 Observed changes in accident frequency and
severity (California Highway Patrol, 1974).

January - March

CHP! Accidents

Fatalities

Accident Data Fatal Injury PD0? CHP  Mon-CHP
Expected Total 551 12,559 29,729 626 443
Experienced Total 326 8,795 20,416 395 342
Numerical Decrease 225 3,764 9,313 231 101
Percent Decrease 40.8 30.0 31.3 36.9 22.8
Factors Responsible by
Percent of Total Decrease

Reduced Travel 28 38 36 3] 50
55 mph Speed Limit 31 8 -- 34 --
New Speed Distribution 11 15 15 12 --

Permanent Daylight 1 -- - 1 4
Saving

Unexplained 29 39 49 22 46

lcalifornia Highway Patrol
2Property Damage Only
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Table 1.4 Provisional April through June CHP fatalities.

Expected Total
Experienced Total
Numerical Decrease
Percent Decrease

Reduction Categories

Reduced Travel

Unexp. Bicycle-Ped.

Daylight Saving

Speed Distribution

Speed Decrease

Normal Stat Variance3

April
265
184

81

30.6

(36%)

14
(17%)

May

249
195
54
21.7

(54%)

-6
(-12%)

June

284
212
72
25.4

(49%)

-1
(-12%)

Total

798
591
207
25.9

(45%)

(3%)

INumerical decrease attributed to category.

2Percent total decrease attributed to category.

3This category includes all unexplained decreases except
those involving bicycles and pedestrians.




-13-

Kentucky (1975)

An examination was made of traffic volume, speed, and accident
data for the rural highway system in Kentucky by Agent, Herd, and
Rizenbergs (1975). Traffic counts taken at automotive traffic record-
ing stations (ATR stations) showed that traffic volumes decreased
beginning in December of 1973 and continued at a reduced level through
September of 1974. Total traffic on the rural highways for the time
period December 1973 - November 1974 decreased by 2.3 percent as com-
pared with a 5 percent increase for the comparable period in 1973. It
was noted that Interstates and parkways had the largest decreases in
traffic volume during this time period, as long distance travel had
been curtailed.

Reductions in median speed occurred as early as November of 1973,
although the reduced speed 1imit was not imposed until March of 1974.
After the speed 1imit was put into effect in March, median speeds were
reduced by 14.2 mph for cars and 8.5 mph for trucks. By April of 1975,
however, median speeds had increased from March of 1974 by 3.2 mph for
cars and 1.5 mph for trucks, with the 85th percentile speed remaining
around 60 mph for cars and trucks. There also appeared to be greater
uniformity in driving speeds, as a larger percentage of vehicles were
operating within the 10 mph pace than in the prior year, particularly
on Interstates.

Concerning accident involvement, the authors found that all major
highway types showed decreases in accident rates for almost every
month in 1974. The largest drops were noted on interstates and four-
lane divided roads. Injury rates, which had fluctuated in the past on
Interstates, parkways and four-lane divided limited access highways,
decreased in 1974. Fatality rates decreased on all major highway types
except on four-lane divided roads having no access control. There
was a 23 percent increase on four-lane divided (no access control),
81 percent decrease on parkways, 34 percent decrease on Interstates,
and a 31 percent decrease on two-lane roadways. The overall drop in
the fatality rate was 32 percent. The authors advised that the 55 mph
speed 1imit be continued due to the dramatic decrease in accident rates,
which they felt was due primarily to lower travel speeds.
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North Carolina (1975)

Council, Pitts, Sadof, and Dart (1975) examined the effects of
the lowered speed 1imit on North Carolina accidents using 1) speed
data collected from 36 "permanent" stations across the state,

2) traffic count data from 59 permanent traffic count stations in
the state, and 3) accident data from the Morth Carolina accident
file.

According to the report, speed analyses showed that all roadways,
including those where the speed 1limit was not changed, experienced
decreases in average speeds, 85th percentile speeds, and percent of
speeds over 55 mph from April to December, 1973. However, these
decreases were fully recovered on all roads except Interstates by
November of 1974, The largest decreases were noted for Interstates as
compared with all other roadway types, (i.e., main U.S. highways,
former Interstates, other main highways, and secondary roads). Judg-
ing from the appropriate number of vehicles within the 10 mph pace
speed, speed variation decreased for all roadways from April 1973 to
November 1974.

The authors reported that the 1974 accident data showed a 3.7
percent decrease in total accidents and a 11.2 percent drop in fatal
accidents compared with 1973. There were significant decreases in
fatalities for all roadway classes except rural paved roads. The
largest percentage of decrease was on Interstates where there was
also greatest speed reduction. These reductions were: 1) 43 percent
on Interstates, 2) 29 percent on U.S. highways, 3) 31 percent on
N.C. highways, and 4) 19 percent on city streets. Accident severity
data was somewhat inconsistent, as TAD and estimated speed prior to
impact showed less damage while driver injury data appeared to shift
upward.

Council et al. (1975) also addressed the question of changes in
driver age. They found that the proportion of drivers aged 25 and
younger in accidents in 1974 decreased during the months of January
through March, but that the trend shifted for July through September.
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The proportion of accidents involving younger drivers (15-19 years of
age) was slightly greater in 1974 than in 1973. None of these changes
was significant, however.

The authors also found that traffic volumes were lower in 1974
than in 1973 for all classes of roadways, with less weekend travel in
the first months of the year. Utilizing regression techniques, it
was determined that volume changes were not totally responsible for
the decreases in accidents, indicating the presence of other causative
factors. An additional cause of reduction could have been the decrease
in speed variance as a product of the changes in speed limit. Changes
in types of travel, driver sex and race, vehicle types, and occupancy
were not examined.

Sacco and Hajj (1974)

In a study conducted by Sacco and Haji (1974), comparisons were
made between the Dutch Fork area of Columbia, South Carolina and the
rest of the nation with regard to the impact of the energy shortage on
travel patterns and attitudes. Based on telephone interviews of a ten
percent sample of Dutch Fork area households in 1972 and personal
interviews in 1974, the study showed that the energy shortage did not
greatly reduce the amount of automobile travel and did not seem to
change the travel patterns or attitudes of the residents. National
trends were in accord.

A 10 to 15 percent reduction in auto travel was seen, with the
largest decreases on weekends. Rather than changing their mode of
travel, people simply drove slower and limited their shopping and
recreational trips. It was the gas shortage rather than the price of
gas which affected driving patterns. The price of gas did, however,
lead to the purchase of more economy cars.

National Opinion Research Center (1974)

A survey by the National Opinion Research Center (1974) of the
University of Chicago sought information on the effects of the energy
crisis on transportation patterns. A Continuous Mational Survey (CNS)
was conducted in 1973 using public interviews. In general, the study
showed that following the Arab boycott and the President's nationwide
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appeal, the majority of the public considered the energy shortage an
important problem, but only about 25 percent felt it was the most
important problem facing the U.S. There were pervasive but modest
efforts at energy conservation, and there was little indication of any
serious change in lifestyle. Those interviewed were resistant to car
pools, and a majority believed that the country would have as much
energy as it needed within five years. "In the area of transportation,
conservation came mainly in the form of driving slower and reduced use
of the automobile for social, recreational, or driving purposes;

there is 1ittle indication of intermodal shifts."

Braddock, Dunn, and McDonald (1974)

Braddock, Dunn, and McDonald, Inc. (1974), in their interim report
to the National Science Foundation on the physical, economic, and
social impacts of the 55 mph speed Timit, documented findings that
showed that travel speed was reduced nationally in 1974, There were
also large reductions in accidents and fatalities in 1974. Compliance
with the 55 mph 1imit was very high during the energy crisis, but
decreased once gasoline became available. Average speeds, however,
remained down from 1973. The Gallup, Harris, and Opinion Research
Center public opinion polls reported that about three-fourths of the
respondents favored the 55 mph speed limit, whereas a mini survey con-
ducted by Braddock et al. showed three-fourths of the respondents
favored raising the 1imit to 60 mph or repealing it altogether and
letting the states decide.

Summary of Findings

Although there are conflicting findings in the various studies as
to the magnitude of the effect of the 55 mph maximum speed 1limit on
highway safety, some commonalities are evident. These include the
following:

1) A1l studies show that during the energy crisis averaqge

speeds were lower, whether in response to the fuel
shortage, the President's appeal to conserve fuel by

reducing travel speed, or the imposition of the lower
speed limit;
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2) Total accidents, fatal accidents, and fatalities
decreased from 1973 to 1974 rather sharply;

3) Indications are that vehicle speeds were more uni-
form which would affect accident rates;

4) The amount of travel was reduced during the energy
crisis. The degree to which this contributed to
accident reduction is not agreed upon. Some indica-
tions are that long distance pleasure driving was
reduced as evidenced by reductions in weekend traffic.
Data is not available to characterize shifts from one
roadway type to another. Generally, the reduction
in travel has been discounted as minimal in the
reduction of fatalities;

5) Average vehicle speeds have risen since the height of
the energy crisis;

6) The lowering of travel speeds along with the reduction
in traffic volume have been noted as having much
greater impact than other factors such as Daylight
Savings Time, highway improvement programs and safety
belt usage.

1.2 Methodology; Data Sources

A natijonal trend toward decreased fatalities has been observed.
Early in 1974 the National Safety Council reported that fatalities for
December 1973 were 19 percent below those of the previous December, and
in the first three months of 1974, fatalities were 25 percent below those
for the same period in 1973. The events of the fuel shortage had clearly
interrupted the upward climb of fatalities. Although the fuel shortage
has passed, fatalities have not returned to their previous levels.
Fatalities for 1974 were 17 percent below those in 1973 and monthly fatal-
ity statistics for the National Highway Traffic Safetyv Administration
showed decreases ranging from 18 to 23 percent for the period January
through June of 1975 as compared to the same period of 1973.

Questions have been posed as to the relationship of the fuel short-
age and the imposition of the 55 mph speed 1imit to the observed reduc-
tions in fatalities. It must be noted that the events of the energy
crisis did not occur as part of a designed experiment. Rather, most of
the changes occurred simultaneously -- the lowering of the speed limit,
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the changes in travel and vehicle occupancy, the shift to smaller
vehicles, etc. For this reason, it is not possible to give a definitive
answer to questions such as "What would have been the reduction in fatal-
ities if the 55 mph 1imit had been implemented without the other changes
experienced during the energy crisis?" or "What proportion of the reduc-
tion in fatalities is due to a reduction in travel, independent of other
factors?" Therefore this report will seek to present a clear and concise
description of the changes that have occurred, and to present a plausible
analysis of the extent to which accident reductions can be attributed to
various changes which have come about. The details of these analyses
‘wi11 be presented in a later section.

Although the period during which the events of the energy crisis
seemed to have the greatest impact was December 1973 through April 1974,
the period January through April 1974 is considered the time of the
energy crisis in this report. The month of December was omitted because a new
aceident report form (see Appendix A) ard new reporting definitions were placed
into service in North Carolina in January 1973, and this would make the
December 1972 accident data not comparable to the December 1973 and 1974 data.
In the remainder of this report, when reference is made to data for 1973,
1974, or 1975, it will be assumed that the data is for the period
January through April, unless a statement to the contrary is made.

Information for this study was obtained from four sources:

1) The North Carolina Division of Motor Vehicles
publishes a monthly report on traffic accidents, the
N.C. Traffic Accident Summary. This report presents
data on the total number of accidents, accident
types, injuries and fatalities as well as other infor-
mation recorded by traffic accident reporting agen-
cies across the state (runicipal police, sheriffs,
and highway patrolmen). The reports are delayed two
months in publication to incorporate any traffic
deaths which may occur sometime after an accident.

2) HSRC accident data tapes contain the same basic data
recorded at the Division of Motor Vehicles with the
following additions: accidents occurring on private
property; accidents involving less than $200 property
damage and no personal injury; and detailed research
information on the vehicle and occupants.
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Speed data was obtained from the North Carolina
Department of Transportation through the Planning and
Research Branch of the Horth Carolina Division of
Highways. Every year, in April or May, speed data is
collected at 36 stations on rural primary and second-
ary roads during daylight hours of weekdays. Speeds
of "free flowing" vehicles are measured by concealed
radar units and recorded along with information on
highway class and vehicle type. This yearly information
was available for 1962 through 1975, with supplemental
surveys in the winter of 1973 (December) and fall of
1974 and 1975.

Traffic count data was also available from the Planning
and Research Branch of the N.C. Division of Highways.

A series of 59 permanent traffic count statijons across
the state use Toop detectors and a recording device

to ohtain hourly vehicle counts around the clock. The
computer tape recording this information includes
hourly counts, location and date of information along
with a code signifying whether the data is accurate or
"bad." "Bad"data simply denotes that the data was
collected under atypical circumstances (i.e., road
construction or while the equipment was malfunctioning).






2. CHANGES OBSERVED DURIMNG THE FUEL SHORTAGE

2.1 Changes in the Highway Environment

The events of the energy crisis period, especially the 55 mph speed
limit, the difficulty in obtaining fuel, and the "gasless Sundays," had
the effect of discouraging unnecessary travel and encouraging a reduc-
tion in vehicle speeds. As a part of this research, an effort was made
to determine the changes that occurred in the amount and tvpe of
driving that was done and to estimate the magnitude of these changes.
Unfortunately, detailed exposure surveys were not conducted during the
energy crisis period nor was there exposure information available in the
pre-crisis period. Therefore, it is not possible to determine the speci-
fic changes in the overall vehicle population and in the driver popula-
tion that were induced by the fuel shortage. Rather, less specific mea-
sures of vehicle mileage, volumes and speeds are used to surmise gross
changes in the highway environment.

2.1.1 Vehicle mileage.

Monthly estimates of motor vehicle mileage (MVM) in North Carolina
were obtained from the North Carolina Traffic Accident Summary which is
published by the North Carolina Division of Motor Vehicles (DMV). Total
sales of gasoline and special fuel (diesel and aviation fuel, primarily)

are reported to the North Carolina Department of Revenue each month by
wholesale distributors. The monthly motor vehicle mileage figures are
computed by multiplying wholesale gasoline sales for the previous month

by the estimated mean number of miles per gallon experienced by motor
vehicles in N.C. This figure was 11.80 miles per gallon for 1973 and 1974,
and 12.57 miles per gallon for 1975. (These compare with figures for
California of 12.14 miles per gallon during 1973 and 12.40 miles per gallon
during 1974.)

Several warnings should be kept in mind. First, it is difficult to
accept the assumption that mean miles per gallon remained unchanged in
1974, a period when many drivers were switching to smaller, more fuel-
efficient vehicles and driving at lower speeds. For this reason alone,
the reader must be wary of the mileage estimates, since a small error in
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the mean miles per gallon figure could lead to serious errors in the
total estimated mileage figure. Nevertheless, because of the importance
of investigating total vehicle mileage, and the Tack of more accurate
information for North Carolina, an examination using these estimates
seemed warranted.

Second, in the vehicle mileage estimates, no adjustment has been
made for non-highway use of fuels such as farming, construction, aviation,
lawn mowers, etc. This should have some effect upon comparisons between
1973, 1974 and 1975, because the non-essential non-highway use of fuel
would presumably be affected more by the fuel shortage than highway use.
Thus, a portion of the decrease in mileage between the first four months
of 1973 and the same period in 1974 could be attributed to a reduction in
non-highway use of fuel. However, since non-highway use of fuel tends to
be at a low point in the winter months, this absence of an adjustment
should have a minimal effect.

Finally, an additional difficulty with the mileage estimates is the
fact that they are computed from the previous month's wholesale fuel
sales. Presumably, all of the fuel will be consumed within one to two
months following its sale; however, differences in this lag between the
time of wholesale fuel sale and the time of consumption could distort the
apparent changes in motor vehicle mileage between 1973, 1974 and 1975.

With these precautions in mind, some observations can be made regard-
ing changes in MVM as a result of the "energy crisis.” Figure 2.1 shows
the estimated monthly vehicle mileage for 1962 through 1975. It is clear
that, until 1973, the number of miles driven in North Carolina was
increasing linearly.

Table 2.1 gives the estimated North Carolina MVM for the first four
months only of 1974 and 1975. These figures are compared with similar
figures for 1973, as well as predictions based on linear regression and
other estimation techniques. Looking at Column 3, it can be seen that
the estimated MVM values for 1974 and 1975 are 9.1 and 1.8 percent,
respectively, below the 1973 value.

The predicted values presented in Column 4 of Table 2.1 were
obtained from the linear regression displayed in Figure 2.2. The
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Table 2.1 Motor vehicle mileage (in millions) for
North Carolina - January through April.
Esti- Linear
mated Estimated Regression Mean Yearly Time Series
Year| MvM! MVM for 19731 Estimate Increase Analysis
19741 11222 | 12347 (-9.1%) | 12146 (-7.6%)2| 12899 (-13.0%) | 13001 (-13.7%)
1975 | 12126 | 12347 (-1.8%) | 12673 (-4.3%) | 13451 (- 9.9%) | 13664 (-11.3%)
ISource: North Carolina Traffic Accident Summary (1973, 1974, 1975).

2gstimated MVM (1974) - Predicted MVM _(1974) _ 149

Predicted MVM (1974)

observed MVM are 7.6 percent and 4.3 percent below the predictions for
1974 and 1975.

Using another approach to obtain the figures in Column 5 of
Table 2.1, the mean of the yearly increase in vehicle mileage between
1962 and 1973 is computed to be 552 MVM.
increased in the first four months of 1974 at its mean rate of increase,

Thus, if vehicle mileage

the predicted vehicle mileage would be 12899, and the predicted mileage

for the first four months of 1975 would be 13451.

With this approach,

the estimated mileage for 1974 is 13.0 percent below the predicted value,

and for 1975 it is 9.9 percent below the corresponding predicted value.

Finally, time series analysis was used to model the estimated monthly

vehicle mileage series for the period 1962 through 1973 (see Appendix C

for details).

1974 and 1975 were computed.

presented in Column 6 of Table 2.1.

Using the model, predicted values of vehicle mileage for

The figures for January through April are

It was found that the 1974 and 1975
mileages were 13.7 and 11.3 percent below the predicted values.

Because

the time series model incorporates the cyclic nature of the data as well

as the general upward trend, it is felt that this approach is superior

to the methods previously described.




Conclusions: Vehicle Mileage

From the data presented, the following conclusions can be made con-
cerning vehicle mileage in North Carolina:

1) In the period from 1962 through 1973, total vehicle mileage
in North Carolina increased approximately linearly.

2) Vehicle miles driven show a 9.1 percent drop in 1974 below
the value for 1973, However, in 1975, a major portion of
this decrease was recovered.

3) Estimates of expected mileage in 1974 and 1975 indicate
that mileages ohserved during this time show a clear
departure from previous trends. The "best" estimate (from
time series modeling) indicates that mileage in 1974 was
perhaps 13.7 percent below the expected amount and, in 1975,
approximately 11.3 percent below expectation.

2.1.2 Traffic volume.

Data on traffic volumes were obtained from the Planning and Research
Branch of the Division of Highways, MNorth Carolina Nepartment of
Transportation. These data consist of hourly traffic counts which were
obtained from 59 permanent count stations located across the state.

Each count station consists of a magnetic loop detector and a recording
device which accumulates and records hourly vehicle counts. The data,
along with information about the location, date, and reliability (e.a.,
presence of road construction), are then keypunched in 12 hour blocks
and placed on a magnetic tape file at the Division of Highways.

Analysis of the vehicle count data consisted of two phases: first,
the data were edited to remove all data for which the reliability was
questionable, and second, average daily counts were computed separately
for weekend days (Saturday and Sunday) and weekdays, for five classes of
roads (Interstates, U.S. highways, N.C. highways, rural paved roads, and
city streets) and for each month (January - April) of the years 1973,
1974, and 1975. In the editing process, if any data for a given location
and day were questionable, then all data for that day were discarded.
Thus, all accumulated vehicle counts are for a full 24-hour day. By
computing average daily counts for weekdays and weekends separately, an
adjustment has implicitly been made for the fact that the number of
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weekend days in a given month is different for the years 1973, 1974,
and 1975.

Average daily traffic (ADT) counts for each road class during the
period January through April of 1973, 1974, and 1975 for weekdays and
weekends are presented in Table 2.2. This table indicates that 1974
decreases in weekday traffic volumes were concentrated in rural roads,
primarily on Interstate highways. In 1975, weekday traffic volumes
remained substantially below 1973 levels on all rural roads except U.S.
highways, where volumes were approaching pre-energy crisis levels.
Weekday volumes in urban areas actually increased slightly in 1974,
while in 1975 a decrease was observed.

Table 2.2 also reveals that on the weekends, volumes were down for
both urban and rural roads in 1974, with a dramatic decrease occurring
on Interstate highways. Although weekend traffic volumes remained down
on all roads in 1975, both Interstate and U.S. highways recovered about
59 percent of the 1974 decrease, while N.C. and rural paved roads only
recovered 21 percent and 34 percent, respectively. Weekend volumes on
urban roads continued to fall in 1975.

Monthly average daily traffic counts for each road type by weekdays
and weekends are plotted in Figures 2.3 through 2.7. These plots indi-
cate that for city streets, traffic volumes remained relatively constant
both on weekdays and weekends. However, for rural roads, volumes were
subject to seasonal fluctuations, with the winter months having lower
than average traffic volumes. There appears to be a decreasing trend in
volumes on rural paved roads over the three year period. Other roads
show large fluctuations in traffic volumes, but no discernible trends.

Conclusions: Traffic Volumes

On the basis of the above observations, the following conclusions

can be made concerning average daily traffic volumes in MNorth Carolina:
1) There was a substantial decrease in traffic volumes in
North Carolina in 1974, and this decrease was partially,
but certainly not completely, recovered in 1975.

2) Weekend volumes decreased more than weekday volumes.



Table 2.2 Average daily traffic counts by road
and time of week (January - April).
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class

Traffic Volume

Percentage Change

Road Time of
Class Week 1973 1974 1975 73-74 73-75
Urban! Weekday 12728 12761 12393 + 0.263 - 2.63
Weekend 10281 9188 8841 -10.63 -14.01
Rural? Weekday 5724 5316 5561 - 7.13 - 2.85
Weekend 5839 4686 5500 -19.75 - 5.81

Interstate Weekday

u.s.

N.C.

Weekend

Weekday
Weekend

Weekday
Weekend

Rural Paved Weekday

Roads

Weekend

15380 12158 12966
16597 10369 14073

5065 4306 5058
5013 4279 4712

2357 2135 2106
2663 2201 2296

1817 1557 1668
1663 1341 1451

-20.95 -15.70
-37.52 -15.21

- 5.11 - 0.14
-14.64 - 6.00
- 9.42 -10.65

-17.35 -13.78

-14.31 - 8.20
-19.36 -12.75

1City streets

2Interstate, U.S., N.C., and rural paved roads

3
+0.26 =

12761-12728

12728

100
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3) Rural volumes decreased more than urban volumes.

4) Volume decreases in 1974 for Interstate highways were
greater than for other roads.

(8]
~—

Urban weekday volumes experienced a slight increase in
1974, while a decrease in both weekday and weekend
volumes was observed for rural roads.

6) In 1975, volumes on N.C. and rural paved roads experi-
enced smaller increases than volumes on other roads.

7) Volumes on rural paved roads in N.C. scemed to experi-
ence a decreasing trend from 1973 through 1975, while
volumes on other highways did not seem to experience any
discernible trends.

2.1.3 Vehicle speeds.

Data on vehicle speeds were extracted from the report, Rural Speeds

on Primary Highways and Secondary Roads, which is published annually by

the Planning and Research Branch of the N.C. Division of Highways. This
data consists of speed observations collected at 36 stations on rural
primary and paved secondary roads, during the months of April or May of
each year. O0bservations are made during weekday daylight hours, using
radar units concealed in unmarked cars. The speeds of free-flowing
vehicles are recorded, along with information on highway class and
vehicle type. Approximately 6,000 - 7,000 observations are made each
year, and all observations during a particular year are made by the same
team of data collectors. In addition to these annual speed surveys,
additional surveys were made in December 1973, November 1974, and
September 1975.

For the current study, vehicles were classified into two categories:
passenger cars and commercial vehicles. Commercial vehicles included
all vehicles other than passenger cars, motorcycles, and buses, and were
composed primarily of single and dual tire trucks and tractor-trailer
combinations. While buses were not included in the commercial vehicle
category, bus speeds were included when all vehicles were considered.

Roads were also classified into two categories: Interstate highways
and main routes not in Interstate corridors. Data on main routes in
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Interstate corridors and paved secondary roads were not included in
either of these classifications; however, this data was included in
tables depicting all highways. Unfortunately, urban speed data was not
available.

Four parameters of the speed distribution were estimated from the
data: 1) mean speeds; 2) 80 percent speed interval; 3) 85th percen-
tile speeds; and 4) the percentage of vehicles traveling above 55 mph.

The 80 percent speed interval is the interval (S],Sz) such that ten percent
of the vehicles in the sample were ohserved traveling below speed S1

and ten percent above speed SZ' The 85-th percentile speed is the speed
below which 85 percent of the vehicles were observed traveling.

Changes in Mean Speeds

The observed mean speeds taken over all vehicles and all highways
for the years 1963 through 1975 are shown in Figure 2.8. (The actual
data is presented in Table B.1 of Appendix B). For comparability, only
the observations made in April or May of the year are included in the
figure.

Figure 2.8 indicates that the mean speeds remained constant from
1964 through 1969. In 1970, there was an increase of 1.5 mph, and from
1971 through 1975 there appears to have been a decreasing trend in mean
speeds. In particular, there was a large decrease (2.6 mph) from 1971
to 1972 and another decrease (1.6 mph) from 1973 to 1974. (The observa-
tions for 1974 were made in April and therefore fall into the January
through April energy crisis period.) The speed observations made in
December 1973, after the 55 mph speed limit was put into effect in
North Carolina, are very similar to those made in April 1974. By April
1975, however, the mean speed had increased to the pre-energy crisis
level of 52.3 mph (see Table B.1). Finally, Figure 2.8 shows that
decreases in mean speeds for passenger cars between 1970 and 1975 were
greater than decreases for commercial vehicles.

Tables B.2 and B.3 of Appendix B contain speed data for passenger
cars and commercial vehicles classified into two highway types,
Interstate and main routes, for the years 1968 through 1975. Data on
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mean speeds from these tables are plotted in Figure 2.9. These plots
exhibit the same characteristic increase in mean speeds in 1970,
followed by a generally decreasing trend from 1971 through 1975 for
passenger cars and commercial vehicles. It is immediately apparent,
however, that the decrease in mean speed in 1974 is much greater on
Interstate highways than on main routes, beth for passenger cars and
commercial vehicles. It should be noted-.that on main routes, the

1975 mean speed had virtually returned to the 1973 level; however, on
Interstate highways, the mean speeds in 1975 were still below the 1973
Tevels.

The fact that speed changes were greater on Interstate highways
than on main routes may be due to the fact that the decrease in the speed
Timit was greater on these highways (65 mph or more to 55 mph) than on
main routes (either 60 mph to 55 mph, or no change at 55 mph). Table 2.3
contains mean speeds for passenger cars and for commercial vehicles,
classified by posted speed limit. This tahle reveals that speeds
decreased in 1974 both on those roads where the speed Timit was changed
and on those roads where the speed 1imit remained unchanged. However,
the decrease on the Interstate highways was about 8 mph, while the
decrease on the other roads was never more than 2.3 mph. In 1975, mean
speeds remained 4 mph below the level of 1973 on Interstate roads, while
on the other roads -- both those which experienced a decrease in speed
1imit and those which did not -- the mean speeds returned essentially to
their 1973 levels.

Changes in the 80-Percent Intervall

The variances of the speed observations were not given in the reports
from which the speed data were taken; however, the percentage of vehicles
traveling above a given speed was given for the speeds 35, 40, 50, 55,

11f the speed observations were normally distributed, then the width
of this "observed" 80-percent tolerance interval would be proportional to
the standard deviation,and then a confidence interval for the mean speed
could be computed (see Dixon and Massey, Introduction to Statistical
Analysis, (1957) p. 130). For each of the years examined, the 99 percent
confidence interval for the mean speed has a width of 2 mph or less.
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60, and 65 mph. The lower and upper ends of the 80-percent interval
were computed by linearly interpolating between the percentages given
to find the speed above which 90 percent of the vehicles were traveling
and the speed above which 10 percent of the vehicles were traveling.

Tables B.1 - B.3 show the 80-percent speed intervals for passenger
cars and commercial vehicles on all highways, Interstates, and main
routes, respectively. As was observed with mean speeds, vehicles travel-
ing on Interstate routes experienced the greatest decrease in speeds,
and this decrease generally remained in 1975, It should also be noted
that the width of the 80-percent interval on Interstate highways was
nearly constant, whereas on main routes, the width decreased by 4.1 mph
from 1973 to 1974, a decrease which was maintained in 1975.

Changes in the 85-th Percentile
Speed and the Percent Above 55

The graphs and tables presented thus far have indicated that the
changes in the highway environment have had a greater effect on high
speeds than on Tow speeds. To investigate this hypothesis further, the
85-th percentile speeds and the percent of vehicles traveling above
55 mph were calculated. Both of these parameters are measures of the
extreme speeds that are likely to be observed.

Table B.1 gives the data for all vehicles on all highways. The
85-th percentile speeds (rounded to the nearest whole mph) for 1963
through 1975 are plotted Figure 2.10. Comparison of this plot with
Figure 2.8 reveals that the 85-th percentile speed has indeed changed
more than mean speeds. From 1973 to 1974, the mean speed decreased
1.6 mph while the 85-th percentile speed decreasad 3 mph.

Figure 2.10 reveals that in 1974, the 85-th percentile speed for
both passenger cars and commercial vehicles dropped substantially, and
remained down in 1975. In addition, one can observe a decrease in the
difference between the 85-th percentile speed for passenger cars and
that for commercial vehicles. From 1964 through 1975, the 85-th percen-
tile speed for commercial vehicles gradually increased (except in 1974)
while for passenger cars it remained relatively constant.
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Figure 2.11 displays the 85-th percentile speed data given in
Tables B.2 and B.3. From these plots, it is clear that Interstate high-
ways experienced greater changes in higher speeds than main routes,
especially for passenger cars. Figure 2.11 also shows that through 1973,
over 85 percent of the passenger cars were exceeding the speed 1imit on
Interstate highways, while commercial vehicles were traveling somewhat
slower.

Figure 2.12 is a g.-aph of the percent of vehicles traveling over
55 mph for all vehicles on all highway types (see also Table B.1), while
Figure 2.13 gives the corresponding graphs for Interstate highways and
main routes. Speeds were relatively constant from 1964 through 1969,
followed by an increase in 1970 and a generally decreasing trend from
1970 through 1975, with 1974 being the lowest year. Note the dramatic
but expected drop on Interstates in 1974!

Conclusions: Vehicle Speeds

The foregoing analysis leads to the following conclusions concern-
ing vehicle speeds from 1962 through 1975:

1) From 1964 through 1969, the vehicle speed distribution
was virtually constant; however, during the years 1970
through 1975, there have been substantial changes in
vehicle speeds.

2) In 1973, speeds were generally greater than in the
immediately preceding years. Therefore, some reduction
in speeds in 1974 might be expected even without the
effects of the fuel shortage.

3) From 1970 through 1975, passenger car speeds have
generally been experiencing a decreasing trend while
commercial vehicle speeds have been increasing somewhat.

4) From 1970 through 1975, differences in speeds between
passenger cars and commercial vehicles have been
decreasing.

(8]
~—

Changes in vehicle speeds that have heen observed

between 1970 and 1975 (especially changes from 1973 to
1975) have been primarily at the higher speeds. Fewer
vehicles were observed traveling at speeds that were sub-
stantially higher than the mean speed.
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6) Speed changes that have been observed among passenger
cars have been greater in magnitude than changes
observed among commercial vehicles.

7) On Interstate highways, the mean speed experienced a
sizable decrease from 1973 to 1974, while the speed
variability remained relatively constant. On main
routes, the mean speeds experienced a relatively
smaller decrease, while the speed variability experi-
enced a substantial decrease.

8) The changes tha“ occurred during 1974 have remained in
1975 to a greater extent on Interstate highways than
on main routes and among passenger cars than among
commercial vehicles.

9) There was a decrease in 1974 in mean speeds on roads
which did not experience a speed 1imit change as well
as those which did; however, this decrease did not
remain in 1975 except on the Interstates where the
speed Timit had been lowered.

2.2 Changes 1in the Accident Scene

In addition to effecting changes in the vehicle and driving popu-
lations on the road, the events surrounding the energy crisis also con-
tributed to changes in the accident scene itself. In particular, the
period of the energy crisis was characterized by a shift in the number
and severity of accidents, and in the types of individuals involved in
accidents along with the specific violations they appear to have
committed. All of these areas will be explored in greater detail in
the sections that follow.

'2.2.1 Changes in number of accidents.

Data on the number of reportable crashes occurring in North Carolina
by type of road, injury severity, and other factors were obtained
from the North Carolina Traffic Accident Summary. The data are taken
from accident reports submitted by the investigating officer (see
Appendix A) and include all reportable accidents in North Carolina,
where a reportable accident is one which involves at least $200 in pro-
perty damage or one in which a person is injured. Each report is
published 60 days or more after the end of the month for which data are
being collected. During this time, if crash victims succumb to injuries,
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the corresponding change is made on the accident file. Therefore, data
concerning injuries is typically quite accurate. A study by House et al.
(1974) indicates that North Carolina accident records are rather complete.
The study showed that at least 84.6 percent of the accident cases which
should have been found in the North Carolina accident files were indeed
found. In addition, the study showed that more severe crashes (in terms
of injuries) were more likely to be reported, and that virtually all

fatal crashes were reported.

Total Crashes

The total number of crashes which occurred in North Carolina during
the period January through April for the years 1973, 1974, and 1975 are
presented in Table B.4, and plotted in Figures 2.14 through 2.17. For
the purposes of this study, urban crashes are defined to be those
crashes where the road type given on the accident report form is "city
street." Rural Crashes are those which occur on rural highways, namely
Interstate, U.S., N.C., rural paved roads, and rural unpaved roads.
Crashes which occurred on private property are omitted. Weekend crashes
are defined here to be those crashes which occurred between 6:00 p.m.
Friday and 8:00 a.m. Monday, and weekday crashes are all crashes which
are not weekend crashes.

The data presented in Table B.4 represent only the crashes for
which both time (weekday/weekend) and location (urban/rural) were
reported. Roughly 1.5 percent of the total number of crashes for each
year did not have time information available. However, if one assumes
that the distribution of occurrence times of these crashes is the same
as that for crashes where the time was reported, then the crashes with
unknown occurrence times can be ignored without introducing any signi-
ficant error. The remainder of the discussion in this section is based

on this assumption.

Total urban and rural crashes in Morth Carolina for the time period
under consideration are plotted in Fiqure 2.14. Of the decrease that
was observed in the total number of crashes between 1973 and 1974,

92 percent was attributable to a decrease in rural crashes and only
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8 percent was due to a decrease in urban crashes. Between 1973 and 1975,
the number of urban crashes increased considerably, but was offset by

a corresponding decrease in the number of rural crashes, resulting in

no significant change in the total number of crashes over the two year
period.

Figure 2.15 shows both weekday and weekend crashes for
North Carolina. In 1974 there was a decrease in bhoth weekday and week-
end crashes; however, of the total decrease, approximately 76 percent
was due to a decline in weekend crashes. From 1974 to 1975, there were
sizable increases in both weekday and weekend crashes. This resulted
in a net increase in weekday crashes between 1973 and 1975, while week-
end crashes remained substantially below the 1973 level.

Figures 2.16 and 2.17 display a breakdown of total crashes by
location-time categories. It can readily be seen that urban weekday
crashes experienced a small increase in 1974, while urban weekend and
all rural crashes decreased substantially. As noted earlier, the
decrease in rural crashes accounted for 92 percent of the decline in
total crashes in 1974, with roughly 46 percent coming from each of the
rural weekday and rural weekend categories. Between 1974 and 1975,
total crashes increased considerably in all four categories except rural
weekend crashes where only a minor increase was experienced. Hence, a
large net increase was experienced in urban weekday crashes between 1973
and 1975 while a large net decrease was observed in rural weekend crashes.
The other two categories experienced only a small net change from 1973.

Fatal Crashes

A fatal crash is defined to be any crash in which at least one
fatality is indicated on the accident report form. Fatal crashes occur-
ring in North Carolina during the first four months of 1973, 1974, and
1975 are given in Table B.5 and displayed graphically in Figures 2.18
through 2.21. In 1974, sizable decreases were observed in both urban
and rural categories resulting in a decline of 22 percent in the number
of fatal crashes. However, because rural fatal crashes are more numerous,
66 percent of the decrease in 1974 is attributable to rural crashes and
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34 percent is due to the decline in urban crashes. In 1975, the number
of rural fatal crashes continued to fall while the number of urban
crashes increased somewhat over 1974. Despite this increase, both urban
and rural fatal crashes remained substantially below 1973 levels.

Of the total decrease in fatal crashes in 1974, approximately
79 percent is due to a decline in the number of fatal crashes occurring
on the weekend, with the other 21 percent coming from a decrease in the
number of weekday fatal crashes. 1In 1975, there was a further decrease
in fatal crashes occurring on weekdays, but a slight increase was
observed in the number of weekend fatal crashes. The net change between
1973 and 1975 left both the number of weekday and weekend fatal crashes
considerably below the levels in 1973.

Figures 2.20 and 2.21 show a breakdown of fatal crashes by location
and time. All of the location-time categories experienced sizable
decreases in 1974, except rural weekday crashes where only a small
decline was observed. Over half of the decrease in fatal crashes in
1974 came from a drop in rural weekend crashes. The decrease in fatal
crashes in 1975 shifted from rural weekend crashes to rural weekday
crashes. It is notable that rural weekend crashes remained 28 percent
below the figure for 1973 despite a minor increase between 1974 and
1975. HNotice that although urban weekday fatal crashes experienced a
50 percent increase between 1974 and 1975, this category only represents
a small proportion of the total number of fatal crashes. Of particular
interest is the fact that in 1975, the number of fatal crashes in all
location-time categories remained substantially below the corresponding
figures for 1973.

Injury Crashes

An injury crash is defined to be any crash in which an injury of
any type is reported on the accident report form. Thus, injury crashes
also include fatal crashes. Table B.6 gives the number of injury
crashes in North Carolina classified by urban and rural locations (see
also Figure 2.22). Total injury crashes decreased by 12 percent in 1974
with the decline in rural crashes accounting for the major portion. In
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1975, injury crashes remained below the level for 1973; however, urban
injury crashes rose slightly above the 1973 level while rural crashes
rose also but remained well below the 1973 figure.

Note: It could be argued that the changes observed during the eneray
crisis were simply a result of random variation in the processes that
govern crash occurrence and crash severity. To better understand
whether previous behavior was indeed interrupted, the total crash series
(total number of crashes in North Carolina per month from 1962 through
1975) was analyzed by means of a time series model (see Appendix C).

The same type of analysis was performed for the fatal crash series. As
a result of this analysis, it can be concluded that changes observed

in crashes during the energy crisis were not likely to be due to random
variation.

Conclusions: Changes in the Number of Accidents

The following is a summary of observations that can be made from
the data presented in this section:

1) There was a substantial reduction (10 percent) in the
total number of crashes in North Carolina between 1973
and 1974,

2) The percentage decrease in fatal crashes (22 percent)
during the energy crisis was greater than either the
percentage decrease in total crashes (10 percent) or
the percentage decrease in injury crashes (12 percent).

3) Comparing 1974 with 1973, rural crashes decreased more
than urban crashes and weekend crashes decreased more
than weekday crashes.

4) Of the decrease in fatal crashes between 1973 and 1974,
the decrease in rural fatal crashes contributed more
than the decrease in urban fatal crashes. The same is
true of weekend fatal crashes as compared with weekday
fatal crashes.

5) Decrements in both total and fatal crashes during the
energy crisis were primarily due to respective declines
in rural weekend crashes.

6) In urban areas, weekday crashes increased during the
energy crisis while in rural areas, they decreased.
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7) After the energy crisis (1975 compared with 1974), total
crashes increased in all categories: wurban, rural,
weekday, and weekend; however, net decreases from 1973
remained in rural and weekend crashes, while net increases
from 1973 persisted in urban and weekday crashes. Total
crashes in 1975 were at the level of 1973.

8) Fatal crashes continued to decline from 1974 to 1975 --
urban and weekend fatal crashes increased somewhat, but
rural and weekday crashes decreased considerably.

9) The number of injury crashes rose after the energy crisis;
however, rural ‘njury crashes increased less than urban
injury crashes. This left a net increase in urban injury
crashes in 1975 (as compared to 1973) and a net decrease
in rural injury crashes in 1975 (as compared to 1973).

2.2.2 Changes in number of persons injured.

Data concerning the number of persons injured or killed in traffic
accidents was again obtained from the North Carolina Traffic Accident
Summary. During the investigation of a crash, the police officer classi-
fies the injuries to the occupants as being 0 (none), C (slight),

B (moderate), A (severe), or K (fatal). On January 1, 1973, a change in
the definition of an A injury was introduced and this change produced a
large decrease in the number of A injuries that were reported. However,
since this time, there have been no substantial changes in the

North Carolina accident report system, and therefore, comparisons of
Injuries  for the first four months of 1973, 1974, and 1975, respectively,
are valid.

Table 2.4 gives the number of persons killed or injured in highway
crashes in North Carolina in 1973, 1974, and 1975 by urban and rural
location. As can be seen from the table, fatalities (K) decreased dur-
ing the energy crisis by 114 (20 percent) throughout North Carolina.
This trend continued through 1975 resulting in a total reduction of
27 percent between 1973 and 1975. The major portion of this reduction
is attributable to a decrease in rural fatalities. However, it is
interesting to note that there was nosignificant! change in the urban-
rural distribution of fatal crashes during this period.

1Because the information used includes all the crashes reported in
North Carolina for 1973, 1974 and 1975, statistical tests are meaningful
only in the sense that such a collection of crashes is assumed to repre-
sent a probabilistic sample taken from a larger population of crashes.
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Table 2.4 Persons killed or injured in traffic accidents in North Carolina
(January through April) by year and location.

Number of Persons

Percent Change

Injury
Severity Population 1973 1974 1975 73-74 74-75 73-75
All 560 446 407 -20.36* - 8.74 -27.32
K Urban 99 60 67 -39.39 11.67 -32.32
Rural 461 386 340 -16.27 -11.92 -26.25
p2 0.068 0.218 0.620
All 4749 3621 3470 -23.75 - 4.17 -26.93
A+K Urban 1394 947 971 -32.07 2.53 -30.34
Rural 3355 2674 2499 -20.30 - 6.54 -25.51
P 0.001 0.083 0.175
All 22558 19319 21251 -14.36 10.00 - 5.79
Any Urban 9538 8745 9927 - 8.79 13.52 3.54
Injury Rural 12970 10574 11324 -18.47 7.09 -12.69
P 0.000 0.003 0.000
! percent change: ﬁﬂ%é%ﬁg_x 100 = -20.36

2 p_yalue associated with the corresponding x2 (1 d.f.)
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The number of fatal or serious injuries (K or A) occurring in hign-
way crashes in North Carolina is also given in Table 2.4. A similar
pattern is evident as was the case with persons killed, with the excep-
tion that between 1973 and 1974 there was a significant change in the
location distribution. This change is a consequence of the smaller
percentage of urban fatal or serious injuries in 1974,

Total injuries of any severity (K,A,B, or C) are presented at the
bottom of Table 2.4. These results are very similar to those in
Table B.6, which reports on the number of injury crashes. Thus, changes
in total injuries were very similar to changes in total crashes in 1974
and 1975. At this level of conglomeration significant changes in the
urban-rural distribution are observed for both periods 1973-1974 and
1974-1975.

In conclusion, the following can be said concerning changes in the
number of persons injured:

1) Fatalities experienced continuing decreases in 1974 and
1975.

2) Serious injuries experienced a pattern of decreases very
similar to that of fatalities.

3) Total injuries showed a small net decrease from 1973 to

1975. This was a result of a substantial decrease in
rural injuries and a small increase in urban injuries.

2.2.3 Changes in crash severity.

To determine the extent of changes in crash severity, three
measures of crash severity were examined:

a) Driver Injury:

For each vehicle involved in a crash, the driver's injury
is coded by the investigating police as K, A, B, C, or O.
The distribution of driver injury is a measure of crash
severity which is insensitive to vehicle occupancy
changes, but which is sensitive to changes in the types
of crashes that occur.

b) Most Severe Injury:

The second measure of crash severity to be considered is
the most severe injury sustained in the crash. MSI will
be used to denote "most severe injury." If the crash
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involves more than one vehicle, a bicyclist, or a pedes-
trian, then all persons involved are considered in
determining the most severe injury. Driver injury is a
vehicle-oriented severity measure, whereas MSI is a
crash-oriented measure. In the HSRC accident files,

MSI is coded: 0 (uninjured), C (slight injury),

A or B (severe or moderate injury), or K (fatal injury).

c) TAD Severity:

The TAD (Traffic Accident Data) severity index is a
measure of the amount of deformation to the body of a
passenger car which is caused by the crash. The index
takes on the values 1, 2, 3, 4, 5, 6 or 7, where a

value of 1 indicates very slight deformation and a

value of 7 indicates extensive damage to the vehicle.
During the period 1973 through 1975, the TAD severity
index was being coded and placed on the accident report
form by all highway patrol officers and many city police.

Table 2.5 gives the distribution of driver injuries for all crashes
(urban and rural) in North Carolina during the first four months of 1973,
1974, and 1975. A reduction in the number of crashes can be observed
from 1973 to 1975 -- both overall and within urban and rural cate-
gories. These reductions resulted from a large reduction between 1973

and 1974 and a partial "recovery" between 1974 and 1975.

For a more precise examination of this data, a ridit analysis (see
Bross, 1958) was utilized. From the year-by-year mean ridits, one can
see a statistically significant change from 1974 to 1975). This "shift"
in severity appears to be a partial contradiction to the observed trend of
decreasing fatalities (both for urban and rural crashes) over the three-
year period due to the decrease in property damage only accidents. However,
lTooking at the within-year percent distributions of driver injury severity
(conditional probabilities), it is clear that these percentages have
changed differentially from 1973 to 1975, depending on the severity level.
Reduction in the property damage only (0) level is much more sizable in
terms of the overall proportion than reductions in A and K level
injuries. Notice that these reductions are, as expected, accompanied
by corresponding increases in levels B and C. In summary



-60-

Table 2.5 Number of drivers by year, location, and injury severity.
Driver Number of Drivers Change in Distribution
Injury Population : : '

Severity 1973 1974 1975 73-74 74-75 73-75
A1l 62937 51716 56399 - 1.40! 0.23 - 1.17

0 Urban 30855 27799 30097 - 1.40 - 0.00 - 1.40
Rural 32082 23917 26302 - 1.89 0.50 - 1.39

All 5399 4797 5450 0.45 0.33 0.78

C Urban 2622 2563 2910 0.49 0.38 8.27
Rural 2777 2234 2540 0.37 0.30 .67

AT 4904 4784 5180 1.07 0.03 1.04

B Urban 1840 2111 2242 1.28 0.12 1.16
Rural 3064 2673 2938 1.09 0.05 1.14

A1l 2623 2130 1994 - 0.10 - 0.46 - 0.56

A Urban 779 609 567 - 0.32 - 0,26 - 0.58
Rural 1844 1521 1427 0.37 - 0.70 - 0.33

A1l 392 3N 291 - 0.02 - 0.07 - 0.09

K Urban 62 39 43 - 0.05 0.00 - 0.05
Rural 330 272 248 0.07 - 0.15 - 0.08

A1l 76255 63738 69314 -16.412 8.75 - 9.10

Total Urban 36158 33121 35859 - 8.40 8.27 - 0.83
Rural 40097 30617 33455 -23.64 9.27 -16.56

Mean A1l 0.4962 0.5031 0.5013 0.003 0.28 0.00
Ridit Urban 0.4956 0.5025 0.5022 0.00 0.87 0.00
Rural 0.4951 0.5048 0.5014 0.00 0.14 0.00

1 51716 62937 - .
2Percent change: ©3738 - 76255 149 - _y6.4

76255

3p-value for the corresponding differences of mean ridits (normal
approximation). '
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there was a net reduction in K, A, and 0 levels with a corresponding
increase in the B and C categories, resulting in a tightening or narrowing
of the injury distribiton. K

The distributions of MSI for all crashes (urban and rural) in
North Carolina during the first four months of 1973, 1974 and 1975 are
presented in Table 2.6. An analysis of this information basically rein-
forces the conclusions already drawn from the analysis of driver injury

severity.

Table 2.7 gives the TAD severity distribution for that subset of
crashes in North Carolina (first four months of 1973, 1974 and 1975) for
which the TAD index was reported. The ridit analysis of this vehicle-
oriented measure of severity shows a statistically significant reduction
over all three years for the total and rural categories. The urban cate-
gory indicates a significant increase in severity from 1973 to 1974
coupled with a significant decrease from 1974 to 1975, resulting in a
non-significant net difference hetween 1973 and 1975.

Closer examination of Table 2.7 reveals an enormcus (571%) increase
in the number of urban crashes for which TAD severity was reported. A
large proportion of this increase between 1973 and 1975 is due to an
increase in the number of city police officials using the TAD index.
Since the difference between new and established TAD users may be a
source of distributional changes quite independent of the energy crisis,
it is suggested that one exercise caution when considering any conclu-
sions drawn from the analysis of the urban TAD distribution.

In summary, driver injury severity and most severe injury both
indicate the 1974 distributions to be more concentrated in the inter-
mediate severity levels than the 1973 distributions. MNo significant
changes occurred in these distributions between 1974 and 1975. The
third measure, TAD severity, exhibits a genera] shift toward lower

levels of vehicle damage severity.
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2.2.4 Changas in driver characteristics.

Age and Sex

It has been suggested that the energy crisis reduced pleasure
driving, and thus the number of teenage drivers on the road. A reduction

Table 2.6 Number of crashes by year, location, and most severe injury (MSIL).

5232:e Number of Crashes Change in Distribution
Injury  Fopulation 1973 1974 1975 73-74 74-75 73-75
Al 29751 24397 26808 - 1.84Y . 0.42 -1.42
0 Urban 13834 12383 13358 - 1.90 -0.28 -2.18
Rural 15917 12014 13450 - 2.20 1.13 -1.07
All 5391 4723 5347 0.48 0.47 0.95
C Urban 2662 2542 2874  0.52 0.62 . 1.14
Rural 2729 2181 2473 0.27 0.35 0.62
: All 8133 7365 7732 1.39 -0.77 0.62
A or K Urban 2938 2971 3153 1.50 -0.34 1.16
, Rural 5195 4394 4579 1.78 -1.22 0.56
ATl 465 380 364 _ 0.03 -0.13 -0.16
K Urban 74 47 51 - 0.12 0.00 -0.12
Rural 391 333 313 0.15 -0.26 -0.11
All 43740 36865 40251 -15.722 9.18 -7.98
Total Urban 19508 17943 19436 | - 8.02 8.32 -0.37
Rural 24232 18922 20815 -25.11 13.59 -8.16
Mean All 0.4950 0.5045 0.5013 0.0003 0.119 0.002
Ridit Urban 0.4932 0.5032 0.5039 0.000 0.818 0.000
1di Rural 0.4950 0.5068 0.4997 0.000 0.015 0.085
24397 29751
1 kel iy = -
36a65 < 100 - 3750 > 100 = -1.84
2 36865 - 43740 _
Percent change: 43740 x 100 = -15.72

3P-va_]ue for the corresponding difference of mean ridits (normal
approximation).
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Table 2.7 Number of cars with TAD rating by year, location, and TAD severity.

TAD Population

Number of Cars with TAD

Change in Distribution

1973 1974 1975 73-74 78-75 73-75
AT 7998 6867 11121 2.431 1.57 4.00

1 Urban 654 2222 4006 - 5.22 2.09 -3.13
Rural 7344 4645 7115 2.28 1.20 3.48

AT 7349 5936 9317 0.65 0.54 1.19

2 Urban 426 1916 3295 3.06 0.5 3.57
Rural 6923 4020 6022 - 0.03 0.48 0.45

A 5680 4316 6635 - 0.64 0.01 -0.63

3 Urban 222 1179 2053 2.09 0.52 4.61
Rural 5458 3137 1582 - 0.22 -0.12 -0.34

ATT 4304 3282 4645 - 0.44 -1.08 -1.52

4 Urban 285 998 1516 - 1.87 -1.37 -3.24
Rural 4019 2284 3129 - 0.31 -0.94 -1.25

Al 2174 1573 2280 - 0.57 -0.38 -0.95

5 Urban 81 460 692 1.90 -0.69 1.21
Rural 2093 1113 1588 - 0.63 -0.19 -0.82

ATT 1647 1106 1565 - 0.80 -0.37 21.17

6 Urban 96 331 462 - 0.70 -0.79 -1.49
Rural 1551 775 1103 - 0.77 -0.15 -0.92

AT 985 626 853 - 0.63 -0.30 ~0.93

7 Urban 58 140 204 | - 1.25 -0.26 -1.51
Rural 927 486 649 - 0.32 -0.27 -0.59

Al 30137 23706 36416 21,342 53.62 20.83

Total Urban 1822 7246 12228 297.70 68.76 571.13
Rural 28315 16460 24188 -41.87 46.95 -14.58

AT 0.5190 0.4988  0.4850 0.00° 0.00 0.00

Mean Urban 0.4962 0.5120 0.4935 0.04 0.00 0.70
Ridit Rural 0.5135 0.4967 0.4864 0.00 0.00 0.00

. 6867 7998 )
53706 < 100 - 3g737 x 100 = 2.43

Zpercent change:

23706 - 30137

30137 x 100 = -21.34

3p-value for the corresponding differences of mean ridits (normal

approximation).
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in young male drivers might account in part for reduced accidents and
fatalities during the crisis. As no data regarding the population at
risk is available, an analysis was made of the age and sex of drivers
involved in accidents before, during, and after the energy crisis to
identify changes in the accident driver population.

Table 2.8 shows the distribution of accident-involved drivers by
age and sex for the first four months of 1973, 1974 and 1975, respec-
tively. Examination of the total figures for all drivers indicates a
16 percent reduction in the number of drivers involved in accidents from
1973 to 1974. However, an increase in this figure in 1975 led to a net
reduction of 7 percent for the period 1973 to 1975. This resulted
from different patterns of change by sex. The reduction of female drivers
involved in crashes in North Carolina from 1973 to 1974 was almost
exactly compensated for by an increase from 1974 to 1975. For male
drivers, more than half of the original 1974 reduction remained by 1975.
Also, while there was a greater proportion of male drivers in accidents
in all three peridds, there was a statistically significant (p < .001)
shift toward a greater proportion of female drivers involved in acci-
dents (29.4 percent in 1973, 30.9 percent in 1974, and 31.8 percent in
1975). Whether this is a result of the energy crisis, or is indicative
of a long term shift reflecting cultural and economic changes in the
status of women is impossible to determine.

Comparing the 1973 and 1974 overall age distributions, one finds a
significant difference between the mean ages (33.35 vs 33.57, respec-
tively). This shift is statistically significant for females but non-
significant for males (at « = 0.05). There is no significant change
in mean ages from 1974 to 1975.

In addition, in 1973, 7.20 percent of all crashes involving male
drivers were single vehicle crashes in which the driver's age was under
305 in 1974 the figure was 6.41 percent and in 1975 it was 7.63 percent,
This suggests that there was a tendency to discourage frivolous travel
by young drivers, and this discouragement probably accounted for some
of the reduction in fatalities.
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TabTe 2.8 Number of drivers inyolved in accidents

in North Carolina by year,
(January through April)

age, and sex.

Number of Drivers

Change in Distribution

Age  Population | 4973 qg977  q975 73-74  74-75  73-75
AT1 33235 27425 30280 | - 0.61'  -0.10 - 0.71

16-25 Male 23922 19370 21039 | - 0.48  -0.26 - 0.74
Female 9313 8055 9241 | - 0.78 0.33 - 0.45

ATT 16642 14156 16140 0-34 0.66 1.00

26-35 Male 11437 9458 10797 0.21 0.94 1.15
Female 5205 4698 5343 0.54  -0.0] 0.53

ATT 10611 8593 9158 | - 0.45  -0.49 - 0.9

36-45 Male 7084 5715 5884 | - 0.19  -0.73 - 0.92
Female 3527 2878 3274 | - 1.15 0.00 - 1.15

ATY 8623 7442 7812 0.34  -0.59 - 0.25

46-55 Male 6064 5020 5263 0.14  -0.47 - 0.33
Female 2559 2413 2549 0.78  -0.86 - 0.08

ATl 5578 4730 5439 0.09 0.28 0.37

56-65 Male 4066 3323 3774 | - 0.01 0.29 0.28
Female 1512 1407 1665 0.37 0.28 0.63

ATl 2471 2175 2507 0.16 0.14 0.30

66-75 Male 1867 1602 1816 0.16 0.13 0.29
Female 604 573 691 0.20 0.17 0.37

ATl 646 619 758 0.12 0.10 0.22

76+ Male 525 502 601 0.16 0.11 0.27
Female 121 17 157 0.05 0.10 0.15

ATl 77806 65140 72094 | -16.282  10.68 - 7.34

Total Male 54965 44999 49174 | -18.13 9.28  -10.54
Female 22841 20141 22920 | -11.82  13.80 0.35

. AT1 33.35  33.57  33.58 .007° .90 .004
R?aﬁ Male 33.40  33.58  33.6] .060 777 .027
idit  Femate 33.24  33.54  33.51 1033 842 1047

. 33235 27425 )
3333 <100 - 202 . q00 = .61

2 Percent change:

65140 - 77806
77806

x 100 = -16.28

3 p-value for the corresponding differences of mean values
(normal approximation)
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Thus, it appeared that during the energy crisis there was a sligh:
shift toward older drivers. Also, there was a shift (not necessarily
affected by the energy crisis) toward an increasing proportion of female
drivers -- at least in accidents.

Driver Violations by Sex

HSRC accident files were used to obtain frequencies for traffic
violations of accident-involved drivers (including bicyclists) as noted
by the investigating ofvicers. Table B.7 presents these frequencies for
the first violation noted (usually the worst) for the first four months
of 1973, 1974, and 1975. Table 2.9 (extracted from Table B.7) presents
the most prevalent violation categories.

While the tables show relatively slight differences in the distri-
butions for the three years, Chi-square tests comparing 1973 and 1974,
1973 and 1975, and all three years combined indicate differences in the
three distributions. Referring to Table B.7, it can be observed that
all violations decreased numerically from 1973 to 1974 with the excep-
tion of 'speeding 65-75', 'improper turn', 'drinking', and 'improper
lights and brakes'. However, just as with the severity distributions of
the previous section, if one examines the within-year percent distribu-
tions of driver violations, it is clear that these percentages have
changed differentially depending on the violation. Examination of the
violation categories presented in Table 2.9 indicates a relative decrease
(in terms of overall proportion) in all categories except 'didn't look',
where there was a corresponding proportional increase (despite a numeri-
cal decrease in frequency). Overall, there was a 13.9 percent reduction
in the number of total violations of accident-involved drivers from 1973
to 1974.

Of interest is the decrease in the number of drivers speeding over
75. Although speeding over 75 accounts for only a very small proportion
of total violations and therefore the distributional change was minor,
the decrease in frequency represents a 38 percent reduction. This reduc-
tion is not surprising as North Carolina law provides an especially
stiff penalty for speeding more than 15 mph over the posted limit. Thus,
the 55 mph Timit would probably cause many drivers in the over 75 mph
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Table 2.9 Violations of accident involved drivers in
North Carolina (January through April).

Number of Violations

Change in Distribution

Violation PopuTation | 4973 1974 1975 73-70  74-75  73-7
Total 8881 7227 7345 | - 1.3  -1.77  -3.1
Speeding Male 6915 5622 5660 | - 0.78  -1.98  -2.7
Female 1720 1324 1351 - 2.30  -1.58  -3.9;
Total 4682 3719 3988 | - 1.01 -0.30  -1.3°
Failed to Yield Male 2062 2266 2411 -0.99  -0.26 -1.2
Female 1664 1388 1531 | - 0.99  -0.45 1.4
. Tota 3049 2341 2608 | - 0.92 0.09  -0.8
Dr‘vgqge“”°"9 Male 2235 1651 1872 | - 1.02 0.30 -0.7
Female 716 554 605 | -0.94  -0.24  -1.1
. Total 2807 2134 3078 | - 0.9 2,13 1.2
F°‘1g¥;22 too Male 2034 1541 2174 | - 0.75 2.09 1.3
Female 744 555 859 | - 1.22 2.41 1.7
Total 7923 7833 9496 324 2.56 5.8
Didn't Look Male 5299 4996 6094 259 2.73 5.3
Female 2530 2670 3257 5.17 2.41 7.5!
Total 8839 7910 7770 0.95  -2.72  -1.7
Other Violations Male 6299 5480 5304 0.95  -2.87  -1.9
Female 2119 1900 1912 0.32 = -2.55 2.2
Total 36181 31164 34285 | -13.872  10.01  -5.2
Total Male 25744 21556 23524 | -16.27 9.13  -8.6:
Female 9493 8391 9515 | -11.61 13.40 0.2
L 3{f§Z <« 100 - gggg% « 100 = -1.36
2 Percent change: 31164-36181 | 1099 = _13.87

36181
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category to move into the 65-75 mph category, accounting for the increase
in the number of violations observed in that category in 1974.

From 1974 to 1975 the trend was reversed, with the number of viola-
tions increasing in all categories except 'improper turn'. Despite
these numerical increases, Table 2.9 indicates that 'speeding' and
'failed to yield' categories continued to decline in proportion of total
violations. Overall, the total number of violations increased by
10.0 percent between 1974 and 1975, resulting in a net reduction of
5.2 percent over 1973.

'"Following too closely' exhibited a large increase in 1975 to
effect a net increase over 1973. This behavior may reflect the reduced
speed and traffic densities of 1974 (contributing to a low incidence of
'following too closely'), followed by the return of a larger volume of
vehicles in 1975 still traveling at reduced speeds. This latter com-
bination would increase traffic density, with following-too-closely
accidents being a likely consequence of the increased density.

It is evident from Tables B.7 and 2.9 (which include bicyclists)
that much of the 1974 reduction in total violations was due to reduc-
tions in the number of males cited (down 16.3 percent). It should be
noted that 2.7 times as many males were cited for violations in 1973 as
females. This ratio decreased slightly in 1974 to 2.6 and in 1975 to
2.5, as might be expected from the increase in the percentage of accident-
involved drivers whowere female.

Aside from the large difference in proportion of male and female
drivers cited for violations, Table 2.9 indicates that the patterns of
distributional changes for each subpopulation were very similar to that
for the total population. That is, in 1974 decreases can be observed
in most violation categories for both males and females. Likewise, in
1975 increases occurred in most categories for both subpopulations. The
net result for both males and females was a lower incidence of 'speeding',
'failed to yield', and 'driving on the wrong side' violations, while
the number of 'following too closely' and 'didn't look' violations
exceeded 1973 figures.
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Conclusions: Driver Characteristics

The analyses in this section lead to the following conclusions
about changes in accident driver characteristics and violations in
North Carolina during the energy crisis:

1) There was a slight shift toward older drivers during
the three year period, and an increase in the propor-
tion of females.

2) The number of drivers speeding between 65-75 mph
increased, probably due to the decrease in the number
speeding over 75. The number speeding under 65 also
decreased.

3) The proportion of 'following too closely' and 'didn't
Took' accidents increased.






3. FURTHER ANALYSIS OF CHANGES

In the previous chapter, it was shown that the highwav environment
experienced substantial changes during and after the energy crisis.
Vehicle volumes and speeds decreased, crashes decreased, and the nature
of the drivers in accidents changed. In this chapter, these changes
will be examined in more detail in order to better understand some of
the factors that were responsible for the changes observed. Since data
on exposure is not available, it is impossible to compare changes in the
accident population with those in the vehicle population. Nevertheless,
it seems appropriate to study in a more detailed manner changes in acci-
dent characteristics and to examine their implications in terms of
possible causative factors.

In Section 3.1, crash rates are considered and analyzed, while in
Section 3.2, changes in accident severity are studied using a variety
of severity measures. In Section 3.3, changes hy type of road are con-
sidered. Specifically, Interstate roads are examined for possibly dis-
tinctive characteristics. Trucks and bus crashes are presented and
analyzed in Section 3.4. Finally, in Section 3.5, other changes of
interest are examined.

3.1 Crash Rates

It has been observed in Chapter 2 that fewer drivers were on the
highways during the fuel shortage period. This decrease in vehicle
volume would account for some of the decrease in crashes and fatalities.
In this section, crash rates per 100 million vehicle miles and per unit
traffic volume will be examined to determine if there were changes in
addition to those that would be expected from decreasing traffic volumes.

3.1.1 Crash rates per 100 million vehicle miles.

In this section total, fatal and injury crash rates based on vehicle
mileage are examined. These rates were obtained by dividing the corre-
sponding accident counts by the estimated mileage for the entire state.

As indicated in Section 2.1.1, the mileage estimates must be considered
with caution as they are computed on the basis of average miles per
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gallon of fuel sold. Any lag in the time at which gasoline sales are
reported and the actual consumption of the fuel may distort the monthly
mileage figures. Furthermore, 1974 witnessed a shift to more fuel-
efficient vehicles, and any underestimation (or overestimation) of the
actual miles per gallon achieved would also result in erroneous mileage
figures. Thus, any crash rates based on these estimates should be
viewed with caution. Even with these limitations, however, the analysis
that follows should still provide some insight into the manner in which
crash rates were changing before, during, and after the energy crisis.

Figure 3.1 displays a plot of total, fatal, and injury (including
fatal) crash rates for the first four months of the years 1962 through
1975. Notice that the ordinate on the left applies to total and injury
crash rates, while the ordinate on the right corresponds to the fatal
crash rate. A1l figures represent crashes per 100 million vehicle miles.
With the exception of a drop in 1967 (following a large increase the
year before), the total crash rate exhibits an upward trend between 1962
and 1971, In 1972, this rate dropped 14.4 percent from the previous
year and continued to fall in 1973. It is interesting to note that the
upward trend in the total crash rate was interrupted two years before
the energy crisis.

An examination of the fatal crash rate does not reveal any obvious
changes that might be directly related to the energy crisis. The fatal
crash rate has decreased in a roughly linear fashion since 1966, with a
13.1 percent drop between 1973 and 1974. This downward trend is no doubt
responsible for a large portion of the rate reduction during the energy
crisis. The injury crash rate also appears to have decreased steadily
after 1966. However, this trend appears to have been displaced upwards
in 1973, a full year before the energy crisis.

In order to further examine the trends in the total and fatal crash
rates, monthly rates were computed for the years 1968 through 1975.
Both series were smoothed using a six term moving average
so that trends would not be obscured by month-to-month variation., The
resulting series for the period April, 1968 through Octoher, 1975 are
displayed in Figures 3.2 and 3.3. These plots tend to confirm the
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earlier observations, namely, that the upward climb of the total crash
rate was interrupted early in 1972, and that the fatal crash rate has
been decreasing in a linear fashion since at least 1968.

The observations presented above tend to suggest that there has
been a decrease in the crash rates for various severity levels through-
out most of the years between 1968 and 1975. Furthermore, due to the
time at which changes were observed (often one or two years prior to
the gas shortage), they also suggest the presence of factors in addition
to the energy crisis.

3.1.2 Ratio of crashes to traffic counts.

A second measure of the crash rate is the ratio of crashes to
average daily traffic counts (ADT). The assumption will be made that
the ADT figures presented in Section 2.1.2 are representative of traffic
volumes for their respective time periods and roadways in North Carolina.
Although the actual value of the ratio will not be meaningful in an
absolute sense, the ratio will be proportional to the actual crash rate
if this assumption holds, and comparisons can be made hetween 1973, 1974
and 1975, Since ADT data is available on a more accurate and specific
basis than vehicle mileage data, more specific inferences can be made
concerning the crash rates for various time periods and roadways.
Unfortunately, ADT data is not available for the years prior to 1973,
thereby preventing the examination of any long-term trends in these
ratios. Thus, while the rates presented in this section will be dis-
cussed in terms of percentage change from year to year, the reader must
keep in mind that based on the analysis of crash rates per 100 vehicle
miles, downward trends had already been established. This implies that
changes occurring during 1974 may not necessarily be related only to
the energy crisis, but rather partially a continuation of previous
patterns.

Table 3.1 presents the ratios of total and fatal crashes to ADT for
several different time/location categories. As was the case in the
previous section, the overall total crash rate dipped slightly during
the fuel shortage, and then increased 6.6 percent in 1975. The rural-
weekend total crash rate experienced a substantial increase in 1974,
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Table 3.1. Ratio of crashes to average daily traffic counts.

. Crash Rate Percent Change
Poputation 1973 1974 1975 73-74  74-75  73-75
Total 5.65 5.59 5.96 ~1.062  6.62  5.49
Overall Fatall 7.07  6.13  5.61 -13.30 - 8.48  -20.65
Urban Total 1.47  1.50 1.73 2.0 15.33  17.69
Fatal 0.75 0.47 0.54 -37.33  14.89 -28.00
2ural Total 3.59  3.33  3.39 - 7.2  1.80 - 5.57
Fatal 6.79 6.33 5.43 - 6.77  -14.22  -20.03
| Total 3.24  3.29  3.63 1.54  10.33  12.04
Weekday Fatal 3.38  3.24  2.79 _ 414 -13.89  -17.46
Total 2.36  2.31 2.3] ~ 212 0.00 - 2.12
Weekend Fatal 3.72  3.03 2.92 _18.55 - 3.63 -21.51
Total 0.86 0.89 1.05 3.49  17.98  22.09
Urban-Weekday | .\74 0.38 0.27 0.27 228.95  0.00 -28.95
Total 0.61 0.60 0.71 _ 1.6 18.33  16.39
Urban-Weekend | .71 0.38  0.20 0.3] -47.37  55.00 -18.42
Total 1.99  1.80 1.99 - 9.55  10.56  0.00
Rural-Weekday | o i5 3.21  3.31  2.73 302  -17.52 -14.95
Total 1.57  2.01 1.39 28.03 -30.85 -11.46
Rurai-Weekend | .1 3.53  3.12  2.71 .61 -13.14 -23.23

1 A11 fatal crash rates have been multiplied by 100.

o
2 Percent change: §4§%~%§§§ x 100 = -1.06
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which is opposite to what one might have expected for this category.
In 1975, increases can be observed in the total crash rates for all
categories except rural, weekend, and rural-weekend.

The overall fatal crash ratio is also consistent with that pre-
sented in the previous chapter in that a decrease occurred for both 1974
and 1975. With the exception of the rural-weekday fatal crash rate,
all other categories experienced decreases during 1974, with the largest
reductions occurring on urban roads. In 1975, the urban-weekend fatal
crash ratio rose substantially, while the rates for rural roads declined.

It has been assumed in other studies that when the fatal crash rate
for a particular population experienced a greater percentage decrease
than the corresponding total crash rate, a decrease in accident severity
could be noted for that population. Based on that assumption, it is
apparent from Table 3.1 that rural-weekday accidents became more severe
during the energy crisis period, while urban-weekday, urban-weekend and
rural-weekend accidents increased in severity following the fuel short-
age.

3.2 Crash Severity

In Section 2.2.3, it was observed that changes have occurred in
crash severity. Changes in crash severity were further suggested in
the precéding section on crash rates. This section presents a more
detailed analysis of these changes in crash severity, using the follow-
ing four measures (or indicators) of severity:

a) Driver Injury

b) Most Severe Injury (MSI)

c) TAD Severity

d) Estimated Speed Prior to Impact (ESPI)

3.2.1 Driver injury.

The decrease in the maximum speed Timit from 60 and 55 mph to
55 mph in North Carolina would presumably have a lasting effect only on
those roads where the posted speed 1imit (PSL) actually changed.
Therefore, to examine the effect of the decrease in the maximum speed



1imit, it would be useful to examine separately characteristics of crashes
on roads which experienced a change in the PSL and roads on which there
was no change in the PSL. Unfortunately, the data available do not allow
one to determine whether a crash occurred on a stretch of road vhere the

PSL was changed.

Table 3.2 shows the driver injury distribution for three classes of
rural roads: Interstate, PSL greater than or equal to 55; rural primary,
PSL greater than or equal to 55; and rural primary, PSL Tess than 55,
~where rural primary roads are defined to be U.S. and N.C. highways. This
. table indicates that a significant increase in severity (as measured by
driver injury) occurred between 1973 and 1974 on rural primary highways
with PSL greater than or equal to 55. The majority of the increased
severity is due to a large reduction in the number of uninjured drivers
accompanied by an increase in the proportion of intermediate level
injuries. This initial increase reverted back in 1975 to the net result

of a tighter or narrower injury distribution.

3.2.2 Most severe injury.

Table 3.3 is aﬁalogous to Table 3.2 except that the most severe
injury occurring in the crash is used as the measure of crash severity.
The distributional changes for most severe injury are quite similar to
those for the driver injury distribution. Rural primary roads with PSL
greater than or equal to 55 exhibit a significant (at o« = 0.10) increase
in MSI from 1973 to 1974, followed by a similar decrease in severity in
1975. As with driver injury, this change is explained in large part by
a reduction in the proportion uninjured and an increase in the propartion

of B or A level injuries.

3.2.3 TAD severity.

In Section 2.2.3, TAD as a measure of accident severity was dis-
cussed and the TAD severity distributions by road type vere examinad.
In this section, TAD distributions are presented for Interstate and rural
primary highways, and the distributions of driver injuries (conditional
on the TAD levels) are examined.. As before, rural primary roads are
defined to be U.S. and N.C. highways.
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Table 3.2 DOriver injury distributions for three classes of rural roads.
- ?
Injury Distribution Percent Change
ver ;
ury Population 1973 1974 1975 | 73-74  74-75  73-75
Interstate, PSL1>55 77.71%2 74.68 77.94 - 3.903 4.37 . 0.30
0 Rural Primary, PSL>55 77.78 76.23 76.93 - 1.98 0.92 - 1.09
Rural Primary, PSL<55 84.42 83.76 33.61 - 0.78 - 0.18 - 0.96
Interstate, PSL>55 7.17 9.87 7.45 37.66 -24.52 3.91 |
C Rural Primary, PSL255 7.77 3.07 8.39 3.86 3.97 7.98 |
Rural Primary, PSL<55 6.76 7.01 6.89 3.7 - 1.7 1.92
Interstate, PSL>55 7.94 8.58 9.02 8.06 5.13 13.60
B Rural Primary, PSL255 8.12 8.98 9.21 10.59 2.56 13.42
Rural. Primary, PSL<55 5.56 5.73 6.50 3.06 13.44 16.91
Interstate, PSL>55 5.87 4.72 4.31 -19.59 - 8.69 -26.58
A Rural Primary, PSL255 5.31 5.59 4.56 5.27 -18.43 -14.12 |
Rural Primary, PSL<55 2.78 3.02 2.53 8.63 -16.23 - 8.99 {
Interstate, PSL255 1.30 2.15 1.27 " 65.38 -40.93 - 2.31
K Rural Primary, PSL255 1.01 1.13 0.91 11.88  -19.47 - 9.90
Rural Primary, PSL<55 0.48 n.48 0.48 0.00 0.00 0.00
- Interstate, PSL>55 1687 932 1020 -44.75 9.44 -39.54
tal Rural Primary, PSL2>55 14296 10122 11382 -29.20 12.45 -20.38
Rural Primary, PSL<55 8891 7142 7358 -19.67 3.02 -17.24
an Interstate, PSL255 .4973  .5105 .4948 .26" .23 .83
dit Rural Primary, PSL255 .4967  .5047  .4999 .03 .23 .37
Rural Primary, PSL<55 4977 5011 .5017 .46 .39 .33
lposted speed 1imit
2Column percent
3Percent change: - Zﬁ:g%:;%;ll x 100 = -3.90

“P-value for corresponding difference of mean ridits
(normal approximation)
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Most severe injury (MSI) distribution
for three classes of rural roads.

MSI

Population

MSI Distribution

Percent Change

1973 1974 1975 73-74 74-75 73-75
Interstate, PSL>55 62.342 60.10 65.78 - 3.593 9.45 5.52
0 Rural Primary, PSL>565 62.78 61.28 62.71 - 2.39 2.33 - 0.11
Rural Primary, PSL<55 70.22 68.92 68.63 - 1.8 -0.42 - 2.26
Interstate, PSLz55 11.33  14.69 11.06 29.65 24.717 - 2.38
C Rural Primary, PSL>55 12.21  12.50 12.47 2.38 - 0.24 2.13
Rural Primary, PSL<55 12.08 12.82 12.80 6.13 - 0.16 5.96
Interstate, PSL205 23.57 21.54 20.35 - 8.61 -5.,53 -13.66
BorA nRuyral Primary, PSL:55 22.98 24.05 22.97 4,66 - 4.49 - 0.04
Rural Primary, PSL<55 16.66 17.32 17.62 3.96 1.73 6.24
Interstate, PSLx55 2.76 3.67 2.80 32.97 -23.71 1.45
K Rural Primary, PSL>55 2.03 2.17 1.85 6.90 -14.75 - 8.87
Rural Primary, PSL<55 1.04 0.95 0.94 - 8.66 -1.05 - 9.62
Interstate, PSL>55 1086 599 678 -44.,84 13.19 -37.57
Total Rural Primary, PSL>55 8518 6178 6977 -27.49 12.93 -18.09
Rural Primary, PSL<55 47183 3800 3921 -19.46 3.18 -16.89
Mean Interstate, PSLz55 .5033  .5109  .4850 60" 7 .20
Ridit Rural Primary, PSL>55 4978  .5058  .4976 .10 .10 .96
Rural Primary, PSL<55 .4957  .5018 .5034 .33 .80 .22
lPosted speed Timit
2CoTumn percent
60.10-62.34
3 . e = -
Percent change: D x 100 3.59

4“p-value for corresponding difference of mean ridits

(normal approximation)
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As indicated by the ridit analysis in Section 2.2.3, TAD severity
decreased uniformly for rural roads between 1973 and 1975 (see Table 2.7).
Table 3.4 clearly confirms this pattern for rural primary roads.

Notice that while there was no significant reduction in crash severity
for Interstate highways as measured by the difference of mean ridits
from 1973 to 1974 and from 1974 to 1975, the total shift from 1973 to
1975 was significant at the 0.05 level. This is consistent with the
findings of Council et al. (1975).

The downward trend in TAD severity should allay suspicions that
the driver injury patterns might be due entirely to changes in automo-
bile construction rather than reduced accident severity. Indeed, as
Figure 3.4 indicates, the conditional probability of a driver being
killed given a particular TAD severity has remained quite constant over
the three time periods. Note that a 1og transformation was used, as
this yielded a linear scatter diagram. Due to the small number of deaths
in the lower TAD categories, a similar plot was produced for the prob-
ability of serious injury or death (see Figure 3.5). This fiqure also
shows a relatively constant distribution over the three year period.

To summarize, the data presented in this section tends to support
the conclusion that TAD severity declined slightly over the three year
period, at least on rural primary roads.

3.2.4 Estimated speed prior to impact.

Estimated speed prior to impact (ESPI) is a subjective judgement
made by the investigating officer at the scene of an accident. The
officer may consider such things as skid marks, injuries, damage,
statements by witnesses, etc., in estimating the speed. Thus, one
expects a high correlation between ESPI and other severity indicators
(e.g., injury or TAD). In considering the following analysis, one must
keep in mind the possibility that changes in ESPI distributions,
especially if they are not consistent with other severity indicators,
may be due more to the effect of the energy crisis on officers' expec-
tations of public driving habits than to an actual effect on driving
and accident patterns.
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Table 3.4 TAD severity distribution for three classes of roads.

TAD Distribution Percent Change
TAD Poputation 1973 1974 1975 | 73-74  74-75  73-75
Interstate, PSL:55 22.76% 26.67 25.29 17.18% - 5.17  11.12
1 Rural Primary, PSL>55 23.14 25.06 27.20 8.30 8.54 17.55
Rural Primary, PSL<55 29.29 31.93 34.45 9.01 7.89 17.62
Interstate, PSL>55 21.29  20.49 25.80 - 3.75 25.91 21.18
2 Rural Primary, PSL255 23.49 24,02 24.11 2.26 0.38 2.64
Rural Primary, PSL<55 26.69 25.83 26.31 - 3.22 1.86 - 1.42
Interstate, PSL>55 13.69 16.54 16.86 -11.50 1.94 -1.9%4
3 Rural Primary, PSL255 19.22 19.92 19.38 3.64 - 2.71 0.83
Rural Primary, PSL<55 17.74 17.50 18.03 - 1.35 3.03 3.03
Interstate, PSL2>55 16.42 16.05 13.32 - 2.25 -17.01 -18.88
4 Rural Primary, PSL>55 15.18 14.54 13.84 - 4,22 -4.81 - 8.83
Rural Primary, PSL<55 13.48 12.57 11.38 - 6.75 -9.,47 -15.58
Interstate, PSL>55 8.38 8.15 7.59 -2.74 -6.87 - 9.43
5 Rural Primary, PSL255 8.40 7.48 7.32 -10.95 - 2.14 -12.86
Rural Primary, PSL<55 6.19 5.68 4,86 - 8.24 -14.44 -21.49
Interstate, PSL>55 8.15 6.17 6.07 -24.29 - 1.62 -25.52
6 Rural Primary, PSL>55 6.71 5.35 4.78 -20.27 -10.65 -28.76
Rural Primary, PSL<55 4.28 4.12 3.44 - 8.47 -16.50 -19.63
Interstate, PSL>55 4.30 5.93 5.06 37.90 -14.67 17.67
7 Rural Primary, PSL>55 3.86 3.63 3.36 -5.96 -7.43 -12.95
Rural Primary, PSL<55 2.34 2.38 1.53 17.09 -35.71 -34.62
Interstate, PSL>55 883 405 593 -54.13 46.42 -32.84
Total Rural Primary, PSLz55 10778 5682 8510 -47.28 49,77 -21.04
Rural Primary, PSL<55 4882 3326 4709 -31.87 41.58 - 3.54
Mean Interstate, PSL>55 5137 .4967  .4819 33" 43 .04
Ridit Rural Primary, PSL255 5160  .4967  .4819 00 00 .00
Rural Primary, PSL<55 5172 .5027  .4803 03 00 .00

lposted speed limit
2Column percent

3Percent change:

“P-value for corresponding difference of mean ridits
(normal approximation)

26.67-22.76

x 100 = 17.18
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TAD Severity
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Figure 3.4. Log of probability of dr:ver fatality within TAD severity
level (30 percent confid:nce interval.).
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Figure 3.5. Log of probability of driver seriously injured or
killed within TAD severity level (90 percent
confidence intervals).
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ESPI was examined for fatal and fatal or serious driver injuries.
The data was tabulated primarily in 10 mph intervals for the three years
on three road classifications: posted speed Timit (PSL) less than 55,
PSL greater than or equal to 55, and all roads together. Table 3.5
indicates a 20.6 percent reduction in the total number of drivers killed
from 1973 to 1974 followed by a modest increase (2.0%) in 1975. This
trend holds for most of the roads with the higher speed limits. However,
a t-test for the difference of means in the ESPI distributions for each
year failed to indicate any significant change. Indeed, an examination
of the distributional changes reveals no definite pattern in ESPI over
the three year period.

Because of the small number of driver fatalities, one must exercise
a great deal of caution when forming conclusions from the results pre-
sented in Table 3.5. For this reason, a similar analysis was performed
for drivers killed or seriously injured, where the sample size was
considerably larger. The results are presented in Table 3.6. The con-
clusions are similar to those for driver fatalities: important reduc-
tions in the absolute frequencies between 1973 and 1974 (again with the
majority of the decrease occurring on roads where the PSL > 55), and
no significant changes in mean ESPI. As before, no definite upward or
downward shifts emerged in the distributions of ESPI.

The data presented here lead to the following conclusions about
ESPI as reported in North Carolina during the energy crisis:

1) Approximately 77 percent of the reduction in driver
fatalities between 1973 and 1974 occurred on roads where
the PSL was greater than or equal to 55.

2) Approximately 62 percent of the reduction in driver
fatalities or serious injuries hetween 1973 and 1974
occurred on roads where the PSL was greater than or
equal to 55.

3) There was no significant change in mean ESPI over the
three years being examined.
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Table 3.5 Number of drivers killed by ESPI!, PSL and year.
Distribution Percent Change
ESPI 1 Road

Type 1973 1974 1975 73-74  74-75  73-75
Al 17.51% 20.59 22.12 17.593 7.43  26.33

<35 PSL <55 33.33  35.56  40.00 6.69 12.49  20.01
PSL>55 13.00 16.35 15.69 25.77 - 4.04  20.69
A1l 14.79 15.20  8.66 2.77 -43.03 -41.44
36-45  PSL<55 15.79 17.78 18.18 12.60 2.25  15.14
PSL3>55 14.50  14.47 5.23 - 0.21 -63.86 -63.93

ATl 21.40 24,51 28.37 14.53  15.75  32.57
46-55  PSL<55 15.79  15.56  7.27 - 1.46 -53.28 -53.96
PSL>55 23.00 27.04 35.95 17.57 32.95  56.30
ATl 14.40 11.76 11.06 -18.33 - 5.95 -23.19
56-65  PSL<55 15.79 4,44  9.09 -71.88  104.73 -42.43
PSL255 14.00 13.84 11.76 - 1.14 -15.03 -16.00
A1l 14.78 10.78 13.46 -27.06 24.86 - 8.93
66-75  PSL<55 12.28  8.89  7.27 -27.61 -18.22 -40.80
PSL>55 15.50  11.32  15.69 -26.97 38.60 1.23

A1l 8.56  3.43  9.6] -59.93 180.17  12.27

76-85  PSL<55 0.00 6.67 14.54 - 117.99 --
PSL>55 11.00  2.52  7.84 -77.09  211.11 -28.73
A 8.56 13.72  6.73 60.28 -50.95 -14.86
>85 PSL<55 7.02  11.11 3.63 58.26 -67.33 -48.29
PSL355 9.00 14.47 7.84 60.78 -45.82 -12.89

A1l 257 204 208 -20.62 1.96 -19.07

Total PSL<55 57 45 55 - 5.26  22.22 - 3.51
PSL 255 200 159 153 -20.50 - 3.77 -23.50
Mean A1l 55.5 54.7 54.6 0.74" 0.95 0.67
Sneed PSL<55 47.7  49.1 46.7 0.79 0.66 0.83
P PSL>55 57.7  56.3  57.4 0.58 0.63 0.90

lestimated speed prior to impact (mph)

2Column percent

3percent change:

20.59-17.51

17.51

x 100 = 17.59

“P-value for corresponding difference of mean speeds
(normal approximation)
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Table 3.6 Number of drivers killed or seriously injured by ESPI, PSL and year.

Distribution Percent Change

Espr! Road
Type 1973 1974 1975 73-74 74-75 73-75
A1 35.042 33,18 33.55 - 5.303 1.12 - 4,25
<35 PSL<55 61.00 58.99 57.08 - 3.30 -3.24 -6.43
PSL=55 18.58 16.72 18.88 -10.01 12.92 1.61
All 17.17 19.91 19.006 15.96 - 4,27 11.01
36-45 PSL<55 19.44  20.37 20.48 4,78 0.54 5.35
PSL>55 16.61 19.61 15.18 18.06 - 7.29 9.45
All 22.25 24.21 24.93 8.81 2.97 12.04
46-55 PSL<55 3.70 9.99 10.80 14.83 8.11 24.14
PSL>55 30.84 33.28 33.74 7.91 1.38 9.40
A1 12.21 9.90 9.10 -18.92 - 8.08 -25.47
56-65 pPSL<55 5.80 5.59 5.89 - 3.62 5.3 1.56
PSL>55 16.27 12.65 11.10 -22.25 -12.25 -31.78
A1l 6.88  6.18  7.27 -10.17  17.64 5.67
66-75 PSL<h5 2.90 1.86 2.24 -35.86 20.43 -22.76
PSL>55 9.39 8.83 10.40 - 5.96 17.78 10.76
A1l 3.13 2.70 3.23 -43.00 19.63 3.19
76-85 PSL <55 .97 1.33 1.96 37.54 47.37 102.69
PSLz55 4.49 3.57 4.02 -20.49 12.61 -10.47
Atl 2.79 3.47 2.85 24.37 -17.87 2.15
>85 PSL<55 1.18 1.86 1.54 57.63 -17.20 30.51
PSL>55 3.81 5.35 3.67 40.42 -31.40 - 3.67
All 2400 1929 1857 -19.63 - 3.73 -22.63
Total PSL<55 931 751 713 -19.33 - 5,06 -23.42
PSL>55 1469 1178 1144 -19.81 - 2.89 -22.12
Mean ATl 44.7 45.1 44.9 0.524 0.73 0.78
Speed PSL<55 34.6 34.9 35.9 0.73 0.36 0.18
P PSL>55 51.1 54.6  50.5 0.51 0.18 0.45

lEstimated speed prior to impact (mph)
2Column percent.

33.18-35.04
35.04

“P-value for corresponding difference of mean speeds
(normal approximation)

3parcent change: x 100 = -5.30
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3.3 Analysis by Road Type

In this section, changes in the number of crashes and changes in
traffic volume for several different road categories are examined.
Since almost all speed Timit reductions in North Carolina occurred on
Interstate and U.S. highways, it is 1ikely that any changes peculiar
to these two road systems would be a result of the lowered speed limit.
Therefore, particular attention will be paid to examining such changes.

3.3.1 Changes in the number and severity
of crashes hy road type.

Table 3.7 gives the number of fatal, non-fatal injury, and property
damage only (PD0O) crashes for the following road classifications:
Interstate (I), U.S. highways (US), N.C. highways (NC), rural paved
roads (RPR), and city streets (CS). Also presented are the proportions
of total crashes for each road type that fall into each of the three
injury categories. These proportions are estimates of the conditional
probabilities of sustaining a particular injury severity given that a
crash has occurred on the particular road type. The data for this table
were derived from the North Carolina Traffic Accident Summary, and
represent crashes occurring during the first four months of each year.

Note that between 1973 and 1974, decreases in the actual number of
crashes were observed in all severity categories on all types of roads
except city streets where the number of non-injury crashes increased. In
1975, the number of fatal crashes continued to fall on all rural roads
except N.C. highways, where they remained constant.

Perhaps of greatest interest is the manner in which the conditional
probabilities of sustaining a particular injury level changed over the
two years. These changes are presented in the last three columns of
Table 3.7. Specifically, the probability of sustaining a fatal crash
(given that a crash occurred) increased for Interstate highways between
1973 and 1974, while there were only slight changes in the proportions
of fatal crashes on each of the other road classifications during this
period. Interstate, N.C., and rural paved highways all experienced
slight increases in the probability of non-fatal injury crashes, while



Table 3.7. Crashes by severity and road type.
Number of Crashes ) .

Road  Crash 1973 1974 1975 Change in Proportion
Type  Severity Freq.  pl Freq. P Freq. P 73-74 | 7a-75 | 73-75
Fatal 26 .033 19 .N43 16 .031 L0112} -.012 -.001
I Injury 286 .360 164 .374 164 .321 .014 -.053 -.039
PDO3 482  .607 255  .582 331  .648 -.025 .066 .041

Total 794 438 511
Fatal 118 .019 84 .018 77 .016 -.0M -, 002 -.004
Us Injury 2222  .366 1645  .357 1746  .360 -.009 .003 | -.006
PDO 3727 .614 2875  .624 3027 .624 .010 .000 .010

Total 6067 4604 4850
Fatal 100 .N23 77 .021 77 .019 -. 001 -.002 -.004
N Injury 1662  .375 139 .383 1534 .377 .008 | -.007 .002
PDO 2670  .602 2171 .595 2462  .6N4 -.007 .009 .002

Total 4432 3646 4073
Fatal 140 .016 137 .018 127 N5 .002 -.N03 -.001
RPR Injury 3192 .362 2888 .370 3147 .361 .008 -.009 -.001
PDO 5475  .622 4776  .612 5433  .624 -.010 .012 .002

Total 8807 7801 8707
Fatal a0 .005 55 .003 61 .003 -.002 .000 -.002
cs Injury 6254  .352 5881  .335 6496  .330 -.018 | -.005 | -.022
PDO 11402 .643 11630 .662 13127 .667 .019 .005 .024

Total 17746 17566 19684

1 Estimate of the conditional probability of sustaining corresponding injury
severity given that crash has occurred.

2 Change in corresponding proportion (i.e., conditional probability)

3 PDO - property damage only

-06-
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U.S. highways and city streets saw a reduction in this category. Between
1974 and 1975, the probhability of a fatal crash decreased on all road
types except city streets, where no change occurred. As before, these
changes were greatest for Interstate roads, partly because they had a
much higher proportion of fatalities initially (.033 on Interstates com-
pared with .023 on N.C. highways and .005 on city streets). Also, the
proportion of non-fatal injury crashes decreased appreciably for Inter-
states in 1975.

The net result was that little change was noted between 1973 and
1975 in the probability of sustaining a fatal crash on any road type,
given that a crash occurred. The chance of being involved in a non-
fatal injury crash decreased substantially over the three year period for
Interstates and city streets. On other road types, however, there was
once again little change.

In an effort to determine whether the changes noted above were due
to actual changes in the processes governing the proportion of fatal
crashes or merely to random sampling fluctuation, 0.95 interval estimates
were computed for the difference of corresponding proportions. Treating
the number of fatal crashes occurring on a particular road type as a
binomial random variable, calculation of confidence intervals for the
difference of the proportions follows in a straightforward manner!.
Interval estimates for differences between fatal proportions for the two
periods 1973 to 1974 and 1973 to 1975 are displayed in Figure 3.6.

Notice that if the difference for a particular highway class is positive,
this implies an increase in the probability of fatality given that a
crash occurred, and hence an increase in severitv for that type of high-
way. Also, if an interval estimate includes zero, one concludes that
there is no significant change (at the 0.05 level) in the proportion of
fatal crashes during the period of interest.

Examination of Figure 3.6 reveals that, with the exception of city
streets, all other highways experienced no statistically significant

1See Hogg and Craig, "Introduction to Mathematical Statistics,"
(1970), p. 201.
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changes in the proportion of fatal crashes for either of the two periods
of interest. Thus, despite minor decreases in the conditional prob-
ability of sustaining a fatal crash, there was no significant decrease in
crash severity on any rural road during the energy crisis. In fact,
severity appeared to increase (although not in a statistically signifi-
cant sense) on Interstate highways during 1974. This is opposite to what
one might have expected since the largest speed 1imit changes occurred

on these roads.

3.3.2 Changes in volume by road type.

Table 3.8 gives average daily traffic (ADT) counts for the same
road categories that were presented in Table 3.7. It can be observed
that traffic volume decreased on all types of roads during the energy
crisis, with Interstate highways experiencing the largest percentage
decrease. This is not unexpected since the curtailment of non-essential
driving (e.g., long trips) would tend to have a greater effect on
Interstate roadways than on the other highways which carry more local
traffic. In 1975, volumes increased on all rural roads, but continued
to decline on city streets. The net result in 1975 left traffic volumes
below 1973 levels on all roads, with Interstate highways still maintain-
ing the largest reduction.

Table 3.8 Average daily traffic by road type.

Road ADT Percent Change
Type r
1973 1974 1975 73-74 74-75 73-75
Interstate 15713 11656 13284 -25.821 13.97 -15.46
u.s. 5051 4658 4959 -7.78 6.46 - 1.82
N.C. 2441 2154 2161 -11.76 0.32 -11.47
Rural Paved 1774 1496 1606 -15.67 7.35 - 9.47
City Street 12052 11743 11365 - 2.56 -3.22 - 5,70

lpercent change: 11§$§%}§Zl§-x 100 = -25.82
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It has been suggested that the reduced traffic volume rather than
the lowered speed 1imit was largely responsible for the drop in total
crashes during and following the energy crisis Ifone assumes that the
relationship between volume and total crashes is such that a percentage
change in volume results in roughly the same percentage change in total
crashes, then the plausibility of this theory for North Carolina data can
be examined.

Figure 3.7 displays the percentage decrease in ADT plotted against
the percentage decrease in total crashes for the periods 1973-1974 and
1973-1975. If the points tend to scatter near the given 45 degree line,
this would be an indication that the changes in accidents are predicted
by the volume changes under the hypothesized relationship. It appears
that for Interstate and U.S. highways, the percentage decrease in total
crashes was somewhat larger than what would have been expected from the
reduced traffic volume, while the changes for other rural roads were
roughly the same in magnitude. This difference for Interstate and U.S.
highways strongly suggests the presence of other factors, in addition
to traffic volume, that exhibited a significant influence on the reduc-
tion in total crashes. Furthermore, because Interstate and U.S. highways
were most affected by the decrease in posted speed limit in
North Carolina, one is led to conclude that, while reduced traffic volume
was no doubt responsible for a large portion of the decrease in total
crashes, other factors, including the lowered speed limit, played a
significant role.

One must remember that this discussion is based on the hypothesized
relationship between ADT and total crashes that was put forth above.
Council et al. (1975) present a series of "predicted" regression lines
for percent change in ADT and total accidents for several different road
classifications and geographic areas. These lines are quite similar to
the assumed relationship represented by the 45 degree line in Figure 3.7.
implying that the suggested hypothesis is certainly reasonable.

It was stated in Section 3.1.2 that, under mild assumptions, the
ratio of total crashes to ADT is reflective of the total crash rate.
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Since ADT data are available for different types of highways, it would
be worthwhile to examine how these ratios changed during the period 1973
to 1975. Table 3.9 presents both total and fatal crash rates (based on
ADT) for the four rural highway types. (The rates for urban roads were
discussed in Section 3.1.2, and will not be reported here.) One may
recall from the earlier discussion that the total crash rate for rural
roads (as indicated by the ratio of crashes to ADT) dropped in 1974, but
rose slightly in 1975. Table 3.9 implies that Interstate and U.S. road-
ways were responsible for much of the 1974 reduction. During 1975, the
total crash rates remained relatively unchanged for all rural roads with
the exception of N.C. highways, where an increase was observed. With
the exception of rural paved roads, fatal crash rates experienced an even
greater decrease over the three year period. However, since the fatal
crash rate had been experiencing a downward trend for several years, it
is not surprising to observe this pattern for the rural roads.

Table 3.9 Ratio of crashes to average daily
traffic counts (x100) for rural highways.

Crash Rate Percent Change

Population 1973 1974 1975 73-74  74-75  73-75
Interstate Total 5.05 3.76 3.85 -25.541 2.39 -23.76
Fatal A7 .16 .12 - 5.88 -25.00 -29,.41
u.s. Total 120.11 98.84 97.80 -17.71 - 1.056 -18.57
Fatal 2.34 1.80 1.55 -23.08 -13.89 -33.76
N.C. Total 181.56 169.27 188.48 - 6.77 11.35 3.81
Fatal 4.10 3.57 3.56 -12.93 - 0.28 -13.17
Rural Paved Total 496.45 521.46 542.15 5.04 3.97 9.21
- Fatal 7.89 9.16 7.91 16.10 -13.65 0.25

lPercent change: 3.76-5.06 100 = -25.54

5.05
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Conclusions: Foad Types

From the data presented in Sections 3.3.1 and 3.3.2, it seems clear
that the events of the energy crisis had different effects on the various
types of roads that were examined. Table 3.10 presents a summary of the

changes in the severity and rate measures examined in these sections.

Although not statistically significant, the evident increase in crash
severity for Interstate highways during the enerqgy crisis (1973-1974) is
of particular interest since the Iargest speed 1imit changes occurred on
these roads. In Chapter 2, it was observed that all highways experienced
decreases in mean vehicle speeds, speed variance and vehicle volumes, with
the largest reductions occurring on Interstates. One would have expected,
then, a reduction in crash severity for Interstate accidents. Crash
severity, however, is not only a function of these speed and volume
variables but also accident type, belt usage, vehicle type, and many other
factors.

least partially account for the lack of a decrease in crash severity.

Differences among these factors for Interstate crashes may at

Table 3.10 Trends in crash severity and total crash rate.

1973-1974 1974—1975
$§Sg Crash Cras@ Crash Crasb
Rate Severity Rate Severity

Interstate decrease* increase increase  decrease

u.Ss. decrease* decrease decrease decrease

N.C. decrease  decrease increase® decrease
Rural Paved increase  increase increase  decrease
City Streets increase  decrease** increase* no change

* Change greater than 10 percent

** Change significant at .05 level




3.4 Truck (and Bus) Speeds and Accidents

This section will examine changes in accidents involving trucks
and, to a limited extent, buses during the energy crisis. The bus acci-
dents will only be examined indirectly thrbugh involvement in truck
accidents. This is because buses represent an extremely small percentage
of the overall vehicle mix, and information on bus accidents is therefore
most limited. Also, since no mileage information is available by parti-
cular type of vehicle, the presentation of changes in the highway environ-
ment for trucks will be restricted to a discussion of tractor trailer/
semi-trailer speeds during the three year period surrounding the energy
crisis, and an analysis of two-vehicle accidents involving trucks.

3.4.1 Truck speeds.

Tractor trailer/semi-trajler (TTST) speed data were obtained from
"Rural Speeds on Primary Highways and Secondary Roads", a North Carolina
Department of Transportation publication discussed in Section 2.1.3.
Table B.10 shows mean speeds, 85-th percentile speeds, and 80 percent
intervals and widths for TTST's on Interstate highways and main routes.
As in section 2.1.3, the 85-th percentile speed is the speed which
85 percent of the traffic does not exceed. The 80 percent interval is
determined by the speed which 90 percent of the TTST's exceed and the
speed which 10 percent exceed. As Figures 3.8 and 3.9 indicate, TTST
mean and 85-th percentile speeds did not deviate by more than 1 mph from
the overall commercial vehicle speeds during the period 1968 through 1974.
Since the commercial vehicle speeds were discussed in Section 2.1.3, that
discussion will not be repeated here. However, it is interesting to note
that both the mean and 85-th percentile speeds dropped considerably in
1974 on Interstate highways, while the changes on main routes appear to
be relatively minor. This is most likely due to the fact that Interstate
highways experienced a greater change in speed 1imits than main routes.
In 1975, TTST mean and 85-th percentile speeds increased considerably
more than either passenger car or commercial vehicle speeds. In fact,
TTST mean and 85-th percentile speeds equalled or exceeded those for
passenger cars on both Interstate highways and main routes for the first
time in 1975. Considering the arguments presented by the trucking
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industry against the 55 mph speed limit, it is not surprising that this
population of drivers is exceeding the lower limit by a larger margin
than many other drivers,

The speed variance for TTST's as indicated by the 80 percent inter-
val width is consistently less than that for all commercial vehicles, as
should be expected since TTST's represent a more homogeneous group of
vehicles. However, TTST speed variance was generally greater than that
for passenger cars. In 1974, the TTST 80 percent interval width was
noticeably reduced from pre-crisis levels, and remained down in 1975.
Thus, while 1974 witnessed a sizable dip in mean speeds for TTST followed
by an increase in 1975, speed variance dropped in 1974 and remained down
in 1975. (A similar observation was also noted for passenger cars in
Section 2.1.3.) This apparent relationship between the lowered speed
limit and reduced speed variance is noteworthy since a smaller variance
is generally associated with fewer accidents.

3.4.2 Two vehicle truck accidents.

Truck accident data were obtained from the MNorth Carolina accident
tapes which are prepared by the Division of Motor Vehicles. Total two
vehicle truck crashes for the three time periods are shown in Figure 3.10.
As was the case for total crashes for all vehicles, a majority of the
observed decrease from 1973 to 1974 was due to a reduction in rural
crashes. Unlike the accident data for all vehicles, the number of truck
accidents in 1975 did not return to 1973 levels; however, the 1974 reduc-
tion was partially recovered.

Accident Characteristics

Table 3.11 presents a breakdown of truck accidents by road type. Of
particular interest is the fact that the proportion of truck accidents
occurring on Interstate and U.S. highways not only fell during the crisis
period, but continues to decline in 1975. The remaining roads experi-
enced proportional increases in the number of truck accidents during
either 1974, 1975, or both years.

Recalling that most speed 1imit changes occurred on only Interstate
and U.S. highways in North Carolina, it seems 1ikely that the proportional
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*'Percent Change from 1973.

Figure 3.10. Number of two-vehicle crashes involvirg trucks
(January thru April).
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Table 3.,11. Distribution of truck accidents by road

type.
Distribution Percent Change
Road Type 1973 1974 1975 73-74 74-75 73-75
Interstate 3.10! 2.39 2.30 -22.902 -3.77 -25.81
u.s. 21.20 19.78 18.29 -6.70 -7.53 -13.73
N.C. 12.34 11.56 12.53 -6.32 8.39 1.54
Rural Paved 17.30 15.71 16.21 -9.19 3.18 -6.30
Rural Unpaved 1.29 1.42 1.56 10.08 9.86 20.93
City Streets 41.66 45.23 43.55 8.57 -3.71 4.54
Private Property 3.10 3.92 5.56 26.45 41.84 79.35
Total 7571 6766 7189 -10.63 6.25 -5.05
Ho: No change in distribution X2(6) 34.97 29.97 84.20

between corresponding years. (p=0.00) (p=0.00) (p=0.00)

1Column percent.

2
Percent change: ggggi%;lg. x 100 = -22.90
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decreases in truck accidents on these roads were a result of these spead
Timit changes rather than any large shifts in traffic volumes. As
pointed out in the previous section, the mean speed for all commercial
vehicles in 1975 had returned to the pre-crisis level for main routes
(U.S. and N.C. highways). Since the percentage of truck accidents
occurring on these roads also fell steadily over the three year period,
this suggests that reduced speeds are not entirely responsible for the
distributional shifts.

A Chi-Square test on the data presented in Table3.12 indicates that
the accident type distribution varied significantly (p < .02) over the
three time periods, although the actual yearly distributions vary only
slightly. Ran-off-road and head-on accidents experienced the largest
relative distributional decreases in 1974. While one might argue that
the reduced speeds during this period would allow a driver more time to
react and thus avoid many accidents of this type, the argument could also
be applied to those accidents where the percentage of truck crashes
increased (e.g., sideswipe/angle and turning). For this reason, the
changes in accident type for truck crashes do not appear to be obviously
related to energy crisis factors.

Examination of the type of vehicle involved in accidents with trucks
(Table 3.13) reveals large relative increases in the proportion of buses
and motorcycles accompanied by a decrease in the percentage of passenger
cars from 1973 to 1974. In 1ight of the scarcity and high cost of fuel
during this period, these changes suggest a probable shift in vehicle
mix toward more mileage-efficient vehicles as a result of the fuel
crisis.

The number of occupants, both of the trucks and of the cars involved
in two-vehicle truck accidents, is of interest because it should
affect severity estimates and death rates. From the occupancy distribu-
tions presented in Table 3.14, one can observe a tendency for both cars
and trucks to carry progressively more occupants over the three year
period. Using a value of five for the category labelled "5 or more",
mean occupancies were computed for each year and are displayed at the
bottom of Table 3.14. A t-test was used to investigate differences
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Table 3.12. Accident type distribution for truck accidents.

Accident Distribution Percent Change
Type
1973 1974 1975 73-74 74-75 73-75
Sideswipe/Angle 32.55! 33.15 35.06 1.84 5.76 7.7
Turning 26.07 26.58 25.43 1.96 - 4.33 - 2.45
Rear End 20.98 21.16 21.15 0.86 - 0.05 0.81
Hit Fixed Object 7.94 7.53 6.64 - 5.16 -11.82 -16.37
Backing 5.77 6.31 6.12 9.36 - 3.01 6.07
Ran-0ff-Road 3.49 3.09 3.12 -11.46 0.97 -10.60
Head-on 2.91 1.91 2.36 -34.36 23.56 -18.90
Non-Collision 0.30 0.28 0.12 - 6.67 -57.14 -60.00
Total 7331 6404 6700 -12.64 4.62 - 8.61
Ho: No change in distribution x2(7) 18.89 16.42 26.69
between corresponding years. (p=0.01) (p=0.02) (p=0.00)

1Column percent.
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Table 3.13. Distribution of second (or other) vehicle
type in two vehicle truck accidents.

Distribution Percent Change
Second
Vehicle Type 1973 1974 1975 73-74 74-75 73-75
Car 85.761 84.80 85.22 -1.12 0.50 -0.63
Truck 10.02 10.27 10.48 2.50 2.04 4.59
Bus 0.94 1.27 1.12 35.11 -11.81 19.15
Motorcycle 0.62 1.05 0.58 69.35 -44.76 -6.45
Other 2.66 2.61 2.59 -1.88 -0.77 -2.63
Total 7632 6785 7213 -11.10 6.31 -5.49
Ho: No change in distribution x2(4) 12.22 10.16 2.18

between corresponding years. (p=0.02) (p=0.04) (p=0.70)

1Column percent.
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Occupancy distributions for cars and trucks
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involved in two vehicle truck accidents.

Distribution Percent Change

Number of
Occupants Population! 1973 1974 1975 73-74  74-75 73-75
0 Car 9.93%2 8.32 9.13 -16.21 9.74 - 8.06
Truck 10.38 7.31 8.78 -29.58  20.11 -15.41
1 Car 53.43 58.90 55.54 0.80 -5.70 - 4.95
Truck 67.96 70.08 66.46 3.12  =5.17 -2.21
2 Car 19.37 20.52 21.62 5.94 5.36 11.62
Truck 15.37 16.29 17.34 5.99 6.45 12.82
3 Car 6.86 7.16 7.79 4,37 8.80 13.56
Truck 4,72 4,63 5.17 - 1.91 11.66 9.53
4 Car 3.35 3.18 3.69 - 5.07 13.21 7.46
Truck 1.06 1.18 1.53 11.32 29.66 44 .34
6 or More Car 2.06 1.91 2.33 - 7.28 21.99 13.11
Truck 0.51 0.52 0.72 1.96 38.46 41.18
Total Car 6545 5754 6147 -12.09 6.83 - 6.08
Vehicles Truck 7632 6785 7213 -11.10 6.31 - 5.49
Mean Car 1.4145 1.4371 1.4817 L2128 L017 .000
Occupancy Truck 1.1965  1.2448 1.2637 .000 .150 .00n

1The tabled occupancy distributions are for cars involved in (truck/car)

accidents and trucks involved in (truck/any vehicle) accidents.

2Column percent.

3p-value for test comparing difference of means.
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between successive years with the following results: mean occupancy for
passenger cars increased significantly (p = .017) following the energy
crisis, while mean truck occupancy increased significantly (p < .001)
between 1973 and 1974 (i.e., during the energy crisis). Considering the
high price of fuel during and after the crisis period and the increasing
emphasis on conservation measures such as carpooling, the rise in mean
occupancy for cars is not surprising. The same argument might also apply
to trucks, although probably to a lesser extent. Whatever the reasons,
increased occupancy wouild result in more injuries -- all other factors
held constant. This would probably cause accident severity estimates
based on injury to rise.

Accident Severity Measures

The use of driver injury, most severe injury (MSI) and TAD as
indices of accident severity was discussed in Section 2.2.3 of this report.
Table 3.15 gives the distribution of injuries to the drivers of passenger
cars involved in truck/car crashes. Although ridit analyses suggested
a slight upward trend in accident severity as indicated by this measure,
none of the differences were found to be statistically significant.

Deaths were investigated by grouping all non-fatal injuries into one
category and testing (1) over the three years using a Chi-square test,
and (2) for significant changes between any two years using a test for
differences of binomial proportions. HNeither test indicated any signi-
ficant differences at the five percent level, suggesting that the
observed variation is a result of random fluctuation.

The distributions of MSI in truck/car accidents are shown in
Table 3.16. Again, ridit analysis failed to indicate any statistically
significant change in severity. However, the MSI distribution is
occupant-sensitive; therefore, taking the increase in mean occupancy
into consideration might admit the possibility of a slight decrease in
accident severity.

TAD distributions for cars involved in truck/car accidents are pre-
sented in Table 3,17. Unlike the previous two measures of severity, TAD
experienced a downward trend during the three year period, although again
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Table 3.15. Distribution of car driver injuries in
truck/car accidents.
Driver Distribution Percent Change
Injury
1973 1974 1975 73-74 74-74 73-75
0 84.57! 83.89 83.41 -0.80 -0.57 -1.37
C 7.00 7.70 7.66 10.00 -0.52 9.43
B 4.95 5.27 6.01 6.46 14.04 21.41
A 3.00 2.54 2.52 -15.33 -0.79 -16.00
K 0.49 0.61 0.39 24.49 -36.07 -20.41
Total 6143 5276 5587 -14.11 5.89 -9.05
Mean
ridit .4973 .5003 .5027 .5832 .664 .314
Table 3.16. Distribution of overall accident severity
(most severe injury) for truck/car accidents.
Accident Distribution Percent Change
Severity
1973 1974 1975 73-74 74-75 73-75
0 76.781 75.94 75.69 -1.09 -0.33 -1.42
C 10.59 11.33 11.26 6.99 -0.62 6.33
AorB 11.96 11.88 12.42 0.67 4.55 3.85
K 0.68 0.85 0.64 25.00 -24.71 -5.88
Total 6339 5498 5783 -13.27 5.18 -8.77
Mean
ridit .4971 .5010 .5023 4642 .808 .320

1Column percent.

2p-value for corresponding difference of mean ridits.
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Table 3.17. Distribution of TAD severity for cars
in truck/car accidents.
TAD Distribution Percent Change
Severly| 973 te7a 1075 73-74  74-75 73-75
1 23.43! 24.53 25.90 4.69 5.58 10.54
2 25.07 24.97 26.02 -0.40 4.21 3.79
3 19.29 20.60 20.20 6.79 -1.94 4.72
4 14.42 14.47 13.84 0.35 -4.35 -4.02
5 7.56 6.75 6.24 -10.71 -7.56 -17.46
6.27 5.47 4.98 -12.76 -8.96 -20.57
7 3.97 3.22 2.82 -18.89 -12.42 -28.97
Total 2872 2267 3332 -21.07 46.98 16.02
Mean
ridit .5141 .5014 .4868 .1182 .063 .000

1Column percent.

2p-value for corresponding difference of mean ridits.
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the year-to-year change was not statistically significant (at « = 0.05).
As pointed out in Section 2.2.3, the number of urban crashes for which
TAD was reported rose substantially during this period. It is quite
possible that the reduced severity is merely a result of the increased
usage of TAD for urban crashes (which tend to be less severe than rural
crashes due to the generally lower speeds involved).

Based on this investigation, the following may be concluded about
two-vehicle truck accidents in North Carolina:

(1) The number of truck crashes decreased in 1974 and
partially recovered in 1975,

(2) There is some indication that the lowered speed Timit
is partially responsible for the reduced number of truck
accidents.

(3) Accident type distribution changed in both 1974 and 1975,
but the changes do not appear to be directly related to
the energy crisis.

(4) Changes in the vehicle-struck (car) distribution are
due to the increased number of motorcycles and buses
involved in 1974.

(5) Occupancy shows an upward trend.

(6) Accident severity exhibits no notable and consistent
change.

3.5 Other Changes

The changes in the highway safety environment that occurred during
the energy crisis were many and complex, and it would be impossible to
examine all changes. In this final section, changes in accident charac-
teristics that have not been presented elsewhere, and which could illu-
minate basic changes in accident patterns will be examined briefly. 1In
Section 3.5.1, the vehicle occupancy distribution will be investigated;
in Section 3.5.2, the distribution of accident types will be presented;
in Section 3.5.3, changes in the time of day/week at which accidents
occurred will be examined; and the changes in the vehicle size mix that
have been observed in crashes are presented in Section 3.5.4. Al1l data
presented were obtained from the North Carolina accident files, and
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pertain to reportable crashes which occurred in North Carolina during the
four month period January through April of each year.

3.5.1 Vehicle occupancy distributions.

The distributions of the number of occupants per accident-involved
vehicle for each of the years 1973, 1974 and 1975 are given in Table 3.18.
For obvious reasons pedestrians, bicycles and parked cars are not
included in this table. Assuming the occupancy of accident-involved
vehicles is similar to that of other vehicles, one can make inferences
concerning overall vehicle occupancy in North Carolina based on the data
presented in the table.

Examination of the distributional changes between 1973 and 1974
indicates an increase in the proportion of vehicles having only one
occupant, while the proportions in all other categories except "9 or more"
experienced decreases. This may reflect a cutback in the amount of non-
essential driving such as for vacations or recreation. In 1975, the
pattern essentially reverses with a dramatic reduction in the proportion
of single occupant vehicles, accompanied by a corresponding increase in
the number of vehicles having two or more occupants. This may well be a
result of a general increase in the use of carpools when driving to and
from work.

The mean number of occupants was computed using a value of nine for
the category labeled "9 or more", and is presented at the hottom of
Table 3.18. Consistent with the above discussion, mean occupancy dipped
slightly during the energy crisis and rose immediately afterward to a
level greater than that observed for 1973. A t-test for the difference
of means indicated that these changes were statistically significant
(p < .002) for each of the three periods.

Because many factors were indeed changing at the same time, the
shift in mean occupancy in a perhaps unexpected direction further compli-
cates the task of trying to distinguish between major effects contrib-
uting to the reduction in fatalities.
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Table 3.18. Occupancy distribution for accident-involved vehicles.
Distribution Change in Distribution
Number of
Occupants 1973 1974 1975 73-74 74-75 73-75
1 64.80!  65.68 62.41 0.88 -3.27 -2.39
2 21.58 21.27 22.87 - 0.31 1.60 1.29
3 7.46 7.23 8.13 - 0.23 0.90 0.67
4 3.62 3.44 3.85 - 0.18 0.41 0.23
5 1.37 1.27 1.47 - 0.10 0.20 0.10
6 0.66 0.57 0.60 - 0.09 0.03 -0.06
7 0.16 0.13 0.16 - 0.03 0.03 0.00
8 0.05 0.04 0.08 - 0.01 0.04 0.03
9 or More 0.31 0.37 0.43 0.06 0.06 0.12
Tota] 72348 63374 69180 | -12.402  9.16  -4.38
Vehicles ’ : :
Mean 1.60 1.58  1.64
Occupancy ) ) )
.0023 .000 .000
Std. Dev. 1.07 1.06 1.1

1Column percent.

2percent change.

3p-value for testing corresponding differences of means.
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3.5,2 Accident distributions.

Accidents were classified (according to the first harmful event)
into one of the following categories:

1. Ran-off-road

2. Non-collision (e.q., roll-over in road)
3. Hit fixed object (e.g., hit utility pole)
4. Hit pedestrian

5. Hit bicycle

6. Rear-end

7. Turning (at least one vehicle turning)

8. Head-on

9. Sideswipe, angle
10. Backing

Categories 1, 2, and 3 are single vehicle crashes, while cateqories 6
through 10 involve two or more vehicles and categories 4 and 5 involve
one or more motor vehicles and either a pedestrian or a bicycle.

Table 3.19 presents the distributions of urban, rural, and all acci-
dents in North Carolina for the first four months of 1973, 1974 and
1975, for the ten accident types listed above.

Due to large sample sizes, Chi-square tests indicate that the dis-
tribution of all accidents has changed significantly with each succeeding
yeayr, while the actual distributional changes were very minor in most
categories. Between 1973 and 1974, the most notable proportional decreases
occurred in the following accident categories: ran-off-road, rear-end,
head-on, and sideswipe, angle. In 1975, there were reductions from the
level in 1974 in the incidence of all crash types except ran-off-road
and rear-end accidents. The net results were that ran-off-road and
sideswipe, angle crashes increased in prevalence as compared to 1973,
while the proportion of rear-end and head-on accidents decreased. The
remaining accident categories experienced only minor distributional
changes.

These results are not easily interpreted in terms of accident
severity; however, it is significant that head-on crashes were down, as
these tend to be rather severe in terms of the probability of a fatality
or serious injury.
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Table 3.19. Distributions of accident types.

: Number of Accidents Change in Distribution
Accident Population
Type P 1973 1974 1975 73-74 74-75 73-75
Al 10893 9165 10320 | - 0.12 0.66 0.54
Ran off road Urban 2245 2094 2384 0.15 0.51 0.66
Rural 8643 7071 7936 1.49 0.66 2.15
AT 417 423 442 0.21 -0.07 0.15
Non-collision Urban 104 124 113 0.15 -0.11 0.04
Rural 307 304 329 0.33 -0.03 0.30
L A1 3832 3216 3493 | - 0.07 -0.08 -0.14
H;;.ZQEEd Urban 2285 2013 2126 | - 0.49 -0.33 - 0.82
J Rural 1547 1203 1368 | - 0.05 0.20 0.14
A1 753 666 670 0.08 -0.14 - 0.07
Hit pedestrian Urban 445 419 431 0.05 -0.13 - 0.08
Rural 308 247 239 0.03 -0.16 - 0.13
ATl 221 367 300 0.48 -0.25 0.23
Hit bicycle Urban 132 240 195 0.64 -0.33 0.31
Rural 89 127 105 0.30 -0.16 0.13
A1 8221 6814 7215 | - 0.37 -0.61 - 0.98
Rear end Urban 3897 3563 3728 | - 0.13 -0.76 - 0.89
Rural 4324 3251 3487 | - 0.73 -0.46 - 1.1¢
AT 8099 6907 7441 0.15 -0.31 - 0.1€
Turning Urban 4439 4006 4445 - 0.43 0.40 - 0.0:
Rural 3660 2901 2996 0.16 -0.95 - 0.8
AT 844 537 586 | - 0.47 -0.01 - 0.4;
Head on Urban 231 183 189 | - 0.16 -0.05 - 0.2
Rural 613 354 397 | - 0.66 0.03 - 0.6
. : ATl 10169 8516 9765 | - 0.22 1.04 0.8
S‘gﬁsnge’ Urban 5637 5181 5860 | - 0.04 1.07 1.0
9 Rural 4532 3335 3905 | - 1.14 1.07 - 0.0
A1 1296 1219 1235 0.33 -0.24 0.0
Backing Urban 731 721 728 0.26 -0.28 - 0.0
Rural 565 498 507 0.28 -0.20 0.0
ATl 44739 37835 41467 | -15.43! 9.60 - 7.3
Total Urban 20146 18544 20193 | - 7.95 8.92 0.2
Rural 24593  1929] 21269 | -21.56 10.25  -13.5
AT .0002 .000 .00
P-value Urban .000 .003 .00
Rural .000 .004 .0C

lpercentage change
2p-value for corresponding x2(9 d.f.).
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Table 3.19 also gives the accident distributions for both urban
and rural crashes. Again, while Chi-square tests indicate that these
distributions changed significantly during the three years, the propor-
tional changes were rather slight and mixed. Perhaps of most interest
is the fact that between 1973 and 1975, rear-end, turning, and head-on
crashes experienced the largest proportional decreases for rural crashes,
while the incidence of ran-off-road accidents increased. It seems
reasonable that the reduction in rear-end accidents is related to the
lowered speed 1imit.

3.5.3 Time of day/week distribution.

Among other things, the energy crisis should have affected the times
at which accidents occurred. To investigate this hypothesis, the week
was partitioned into four time periods:

1. Commuting hours: 6 a.m. to 9 a.m. and
4 p.m, to 7 p.m., Monday through Friday.

2. Working hours: 9 a.m. to 4 p.m., Monday
through Friday.

3. Weekday night hours: 7 p.m. to 12 midnight,
Monday through Thursday and 12 midnight to
6 a.m., Tuesday through Friday.

4, \eekend: 7 p.m. Friday to 6 a.m. Monday.

Table 3.20 gives the distribution of all crashes occurring during
these times for the first four months of 1973, 1974 and 1975. Chi-square
tests show significant differences in the distributions for the three
years, largely because weekend crashes were down substantially in 1974.
This is not unexpected, as a good portion of non-essential travel probably
took place during weekends prior to the energy crisis. The reduced avail-
ability and increased prices for fuel in 1974 forced much of the public
to curtail non-essential driving, and as a result, fewer accidents
occurred during the weekend hours.

Although rising slightly, weekend crashes continued to decrease
proportionally in 1975. Furthermore, a drop in the proportion of acci-
dents occurring while driving to and from work can also be noted for this
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Table 3.20 Distribution of all accident times.

Number of Accidents Change in Distribution

Time 1973 1974 1975 73-74  74-75  73-75

To and From 12080 10269 10869 0.71 -1.22 -0.51
Work (26.97) (27.68) (26.46)

Weekday 11451 9870 11558 1.04 1.53 2.57
Working Hours (25.57) (26.61) (28.14)

Weekday 4452 4292 4783 1.63 0.07 1.71
Nights (9.94) (11.57) (11.65)

Weekends 16803 12662 13861 - 3.38 -0.39 -3.77
(37.52) (34.14) (33.75)

Total 44786 37093 41071 -17.181 10.72 -8.30

P-value .0002 .000 .000

lpercentage change
2p-value for corresponding x2(3 d.f.)

year. Perhaps this is another indication of the increased usage of car-
pools suggested by the results of Section 3.5.1. Since weekend crashes
tend to be more severe than crashes occurring at other times, the distri-
butional shift away from these crashes is significant.

3.5.4 Vehicle size distribution.

Table 3.21 gives the vehicle size distribution of all vehicles
involved in reportable crashes in North Carolina during the first four
months of 1973, 1974 and 1975. 1In 1974 there were notable increases in
the proportion of subcompact (domestic) and imported cars involved in
accidents, while the frequency of involvement decreased for larger vehi-
cles (luxury, medium, and standard). The percentage of subcompacts in
accidents continued to rise in 1975, accompanied by a further reduction




Table 3.21.

-118-

Vehicle size distribution - all roads.

Number of Vehicles

Change 1in Distribution

Size 1973 1974 1975 73-74  74-75  73-75
Luxury 2694 1867 2462 - 0.34 0.35 0.01
Medium 4818 3356 4172 -~ 0.56 0.12 -0.44
Standard 12880 8616 10004 - 2.37 -1.10 -3.47
Intermediate 11688 8801 10914 0.25 0.26 0.52
Compact 7541 5613 6855 0.00 -0.04 -0.04
Subcompact 1847 1697 2471 0.79 0.78 1.57
Specialty 78 48 53 - 0.02 -0.01 -0.04
Imported 4335 3478 4243 0.62 -0.04 0.58
Multi-purpose 1508 1580 2447 1.12 1.02 2.14
Truck or Semi 592 622 658 0.44 -0.21 0.24
Truck Size 6954 5198 5803 0.06 -1.13 -1.07

Unknown
Total 54935 40876 50082 -25,591 22.52 -8.83
P-value .0002 .000 .000

IPercentage change

2P-value for the corresponding x2(10 d.f.)
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in the proportion of standard-sized cars. Chi-square tests indicate
that these distributional changes were statistically significant for all
three years. It is interesting to note the small proportional increases
for Tuxury and medium-sized vehicles during 1975, perhaps indicating a
relaxation of public concern for the energy crisis.

To better understand the nature of these distributional changes,
a ridit analysis was performed for domestic, passenger cars only (i.e.,
Tuxury through subcompact). This also indicated a significant shift
towards smaller vehicles over the three year period. Since crash severity
tends to be greater for smaller cars, this shift would imply that if all
other factors were the same, then crash severity should have increased.
The combination of factors (reduced speed and a greater proportion of
smaller cars) may have interacted to yield a shift in the injury and
accident severity distributions away from the extremes (i.e., Kor A
and PDO).






4. SUMMARY AND DISCUSSION

In this report, a variety of North Carolina data concerning the
highway environment, accident characteristics, severity measures and many
other traffic related factors have been examined in an effort to describe
some of the changes that occurred during the peak of the energy crisis.
Of all the observed changes, perhaps of primary interest is the fact that
highway fatalities and overall accidents experienced dramatic reductions
during this period, with fatalities continuing to remain below expected
levels well after the peak of the crisis period.

There have been published studies that have attempted to determine
what proportions of the reduction in the number of accidents or number
of fatalities could be attributed to the various changes that were
observed during"that period. In most studies, the two major contributing
factors were found to be the lowered maximum speed 1imit and the reduction
in traffic volume. While this report does not present any strong evidence
that would refute these arguments, it does suggest that attempts to quan-
tify and compare these effects should be examined cautiously. The reason-
ing for this is twofold. First, because there were so many factors (both
known and unknown) that were changing simultaneously, and because of the
interactive nature of variables such as speed, traffic volumes, driver
characteristics, vehicle type shifts, exposure changes, etc., it is vir-
tually impossible to single out and estimate the effect of any specific
factor. Indeed, some of the changes described in this report did not
always present a consistent picture of what was taking place during and
after the energy crisis in North Carolina.

Secondly, the available data for some variables were quite often

~ crude and subjective, while crucial exposure data were almost nonexistant.
One of the most unfortunate examples of this for North Carolina was the
Tack of accurate vehicle mileage estimates (e.g., three widely varying

DOH mileage figures for 1974), an essential factor if one is attempting
to investigate the effect of reduced traffic volumes.

Despite these shortcomings, it is well worthwhile to examine the
changes associated with the crisis period in an attempt to at least
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identify some of those factors that may have been responsible for the
accident reductions. The analyses conducted in this report have provided
some insight into the nature of the changes that have taken place. The
remainder of this chapter will be devoted to a summary and discussion of
the major findings.

There was a clear alteration in the driving environment in
North Carolina during the energy crisis, with various changes remaining,
to a somewhat lesser extent, in the "post-crisis" period. Prior to 1974,
overall vehicle mileage had been increasing in a linear fashion. Fore-
casts obtained from a time series model indicate that observed vehicle
mileages for the first four months of 1974 and 1975 were 13.7 and
11.3 percent below expectation, respectively.

From average daily traffic counts, which were available on a much
more detailed and accurate basis than vehicle mileage, it was found that
weekend volumes decreased substantially more than weekday volumes on all
road systems during the first four months of 1974. Furthermore, rural
volumes dropped mare than urban volumes during the same period. Since
the scarcity and increased price of fuel forced a cutback in the amount
of non-essential travel, the last two results come as no surprise.

In December of 1973, the 55 mph speed 1imit was imposed in an attempt
to conserve dwindling fuel supplies. This did not result in as much
change in North Carolina as in other states since the vast majority of
highways already had posted speed limits of 55 mph or less. Furthermore,
on those roadways where the 1imit did decrease, the change generally was
no greater than 5 mph. The one exception was the Interstate system where
speed limit changes were fairly substantial. One must keep in mind,
however, the fact that North Carolina has relatively few miles of
Interstate highway when compared with many other states. Therefore, one
should expect the direct impact of the lowered speed 1imit to be somewhat
smaller in North Carolina than in other states.

Interestingly enough, while the mean speed on Interstate highways
did fall substantially during 1974, decreases in mean speeds were also

observed on roads where there was no change in posted speed limits. By
1975, mean speeds on all non-Interstate roads had returned to their
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original levels. Interstate speeds did increase somewhat in 1975 but
remained below the pre-crisis level.

Of considerable significance is the fact that speed variability
decreased substantially on main highways during the energy crisis and
remained down even with mean speeds increasing in the following year.
It is well-known that the rate of accident involvement is related to
speed variability, therefore suggesting a partial explanation of the
lower accident frequencies observed during and after the energy crisis.

As noted earlier, the decrease observed in the number of crashes
during this period is of primary concern. In 1974, total crashes fell
10 percent from the previous year while fatal crashes dropped 22 percent.
Reductions in both total and fatal crashes during the energy crisis were
primarily due to decreases in rural, weekend accidents. In 1975, the
number of total crashes returned to the pre-crisis level; however, the
number of fatal crashes continued to fall resulting in a net decrease of
24 percent as compared with 1973. Injury crashes exhibited the same
pattern as total crashes, but did not completely return to pre-crisis
levels in 1975. '

When overall and fatal crashes were examined by individual road
systems, some unexpected results became apparent. Statistical analysis
indicated that the probability of a crash being fatal appeared to increase
for Interstate highways between 1973 and 1974, though not significantly.
This is surprising since it was on this road system where the largest
reductions in posted speed limits and mean speeds were observed. All
other types of rural roads witnessed decreases in this probability,
although again, none of the changes were statistically significant. Urban
roads, on the other hand, did experience a significant reduction in the
chance of an accident being fatal.

The results discussed in the preceeding paragraph are representative
of accident severity. More direct measures of accident severity are
provided by the distributions of driver injury, most severe injury in an
accident and TAD (indicating vehicle crush). It was found that driver
injury and most severe injury in the accident experienced significant
shifts . in severity between 1973 and 1974 for both urban and rural roads.
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Much of this increase was a result of distributional shifts out of the
no injury category into the intermediate levels. Unlike the previous
measures, TAD severity decreased significantly in both 1974 and 1975
for rural roads.

More specifically, both driver injury and most severe injury
changed significantly between 1973 and 1974 on rural primary highways
with posted speed limits orginally greater than or equal to 55 mph.

No changes were observed for Interstate highways or rural primary roads
with posted speed limits less than 55 mph. TAD severity decreased
significantly in both 1974 and 1975 for ail rural primary roads. Inter-
states, on the other hand, c¢id not reveal any substantial decreases from
year to year for TAD, but the combined change for both years was
significant.

There was no noticeable change in the estimated travelling speedprior
to an accident either during the crisis period or afterwards, despite
the large reductions in fatalities and injuries. This suggests that
perhaps the slightly lower mean speeds may have enabled some drivers
to avoid potential accident situations, but that those drivers who
were involved continued to crash at approximately similar speeds during
the three year period. If this were the case, then there is no reason to
expect any large decreases in the accident severity measures.

Crash rates based on vehicle mileage also failed to reveal any
dramatic interruptions during the crisis period. The total crash rate
had been following an upward trend since 1962, but then dropped 14.4
percent between 1971 and 1972, two years before the fuel shortage. The
rate leveled off in 1973 and 1974, and then rose in 1975. The fatal
crash rate had been decreasing linearly since 1966 and the 13.1 percent
decrease in 1974 appears to bemainly only a continuation of this trend.

These observations suggest that the severity of accidents has decreased
rather steadily since 1968. Based on these results, one might conclude
that the reduced amount of travel was largely responsible for the lower
number of accidents. However, a comparison of the percentage change in
average daily traffic volume and total crashes revealed that a substantial
portion of the reduction in total crashes for Interstate and U.S.



[ — —
bl R

highways was not "predicted" by decreased volume. Since it was these
two road systems that were affected most by the speed 1imit changes, it
appears that other factors, in addition to volume changes, had a sizeable

jmpact on accident frequency.

In addition to the observations presented above, there were a variety
of other changes that came about as a result of the fuel shortage. The
mean number of occupants of accident-involved vehicles dropped signifi-
cantly during 1974 but then rose substantially in 1975. There was a
slight shift toward older drivers during the three years. The percentage
of accidents occurring on weekends fell considerably during 1974. Finally,
there was a definite shift from larger cars to smaller cars in accidents
during both 1974 and 1975. While most of these observations are not sur-
prising, they are important since each factor certainly contributed to
the shift in the number of total and fatal accidents.

The results presented in this report more than anything else, convey
the complex and interactive nature of the changes that took place in the
highway environment during and after the energy crisis. The lack of
detailed exposure data, which would have shown in what way the characteris-
tics of the driving population and the vehicles, routes, and trip purposes
have changed, prevents one from being more definitive about the exact
causes of the reduced number of fatalities. It is gratifying to see that
there are plans for gathering exposure data on a regular basis within the
framework of the National Accident Sampling System.

Furthermore, this report has produced a few results that are not
exactly what was anticipated before the project began. For example, mean
travelling speed did drop somewhat on rural North Carolina highways follow-
ing implementation of the 55 mph speed 1imit, and as expected, was accom-
panied by a significant reduction in TAD severity. However, driver injury
and most severe injury did not decrease significantly, even on Interstate
highways where speed reductions were greatest. Because of the complex
nature of the problem and the absence of crucial data, it does not appear
possible to adequately explain this finding; however, perhaps one possible
explanation should be considered. Figure 4.1 presents two different hypothe-
sized relationships between the probability of death or serious injury and
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speed prior to impact. The absence of accurate speed estimates in the
past has prevented researchers from defining the exact relationship
between these two variables. However, the form of the curves in Figure
4.1 is intuitively appealing since it is known that the chance of serious
injury rises exponentially with speed, and that above some speed
virtually all passengers will be kjlled. The critical issue is the

shape of the curve in the 55 to 70 mph range. If the upper curve represents
the true situation, decreasing travelling speeds from the 65 to 70 mph
range down to the 55 to 60 mph range would substantially increase the
likelihood of escaping an accident without serious injury. On the other
hand, if the lower curve is closer to reality, the same speed reductions
would not produce any significant change in the probability of surviving
an accident. It is possible that the lower curve is more representative
of the situation in North Carolina. This could explain the reason

why driver injury and most severe injury did not undergo any significant
changes on rural roads. Furthermore, if a shift in TAD levels is more
likely in this speed range, this would explain the downward shift that
was observed. Council et al. (1975) also suggested this possibility

in their study of North Carolina data.

It would appear from several of the results presented earlier that
reduced travel rather than the lowered speed limit was largely responsible
for the decrease in total and fatal crashes in North Carolina. However,
the lower speed 1imit cannot be dismissed for two important reasons.
First, the percentage decrease in total crashes was substantially greater
than would have been expected as a result of volume decreases for the
two roads systems that were most affected by the lower speed limit,
namely Interstate and U.S. highways. Second, and perhaps of greater
importance, was the reduction in speed variance that appeared in 1974 and
remained even after mean speeds on most rural roads had returned to
pre-crisis levels. Although the exact relationship between the lowered
speed 1imit and the speed variance is not known, it is conceivable that
a return to older, higher Tlimits would increase this variance. Since
speed variance is related to accident frequency, it appears that rather
than a large direct effect, the lowered speed 1imit may have resulted
in a significant indirect effect in North Carolina.
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Among the many variables examined in this study, one that has not
been mentioned previously is a factor that will be referred to as
"driver awareness". During the energy crisis and afterwards, the public
was under constant pressure to conserve fuel. Drivers were urged to
change old, inefficient driving habits such as quick stopping and
starting, and to keep their vehicles in better running condition. In
addition to various advertising campaigns, the 55 mph speed 1imit and
the substantially higher price of gasoline also served as a constant
reminder that times had changed. Perhaps an unintended, but desirable
effect of this increase in awareness was a driving population that was
more safety conscious. For example, drivers were urged to increase their
gas mileage by checking tires regularly and maintaining proper air
pressure. It would be impossible to measure, but there is little doubt
that this action prevented a number of accidents due, for example, to
blowouts that would have otherwise occurred. Although this heightened
sense of awareness may have eroded to a certain extent over time, it
1ikely remained in effect long after the peak of the energy crisis had
past.

One final comment concerns the basically univariate approach taken
in this study which ignores effects due to variable interactions.
Obviously interactions among variables are important. Appendix D
represents a self-contained study which examines the relative effects
on serious and fatal injuries of certain variables for which data were
available and which should be highly associated with the 1ikelihood of
serious injury. These include: year, driver age and sex, belt usage,
time of day, day of week, road type, occupancy of vehicle and estimated
speed prior to impact (ESPI). In short, the analysis identifies those
variables (ESPI, belt usage, year, etc.) most associated with 1ikelihood
of serious injury or death to control for in the next analysis stage;
obtains predicted rates (and standard errors) using weighted least
squares procedures for categorical data; and finally derives a series
of indices showing percentage reductions under a variety of assumptions.
The upshot is that there could have been a hypothetical reduction of
28.3 percent in serious injuries to belted drivers in 1973 that would
have been realized if the 1973 accident type distribution of belted
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driver accidents with respect to ESPI, time and road type and the 1973
injury rates for ESPI x time x road type combinations had been the same

as their observed counterparts in 1974. For unbelted drivers, the corres-
ponding reduction could have been 9.4 percent. (See Appendix D for full
details.)

In conclusion, this study illustrates the complex, interrelated and
sometimes syrprising = nature of the changes that took place in the
North Carolina driVing environment during and after the energy crisis.

It further demonstrates the need to collect more comprehensive and
accurate data on the highway environment, driver exposure and accidents.
While several factors certainly contributed in some minor way to the

lower number of fatal accidents, there can be little doubt that the reduc-
tion in travel played a major role in North Carolina. Perhaps unlike
other areas of the country, the lowered speed limit appears to have had
more of an indirect, but nevertheless important, impact on accident fre-
quency. Regardless of the magnitude of the individual effects, the over-
all effects of the energy crisis on highway safety in North Carolina were

indeed substantial.
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in filling out these items on the back use the following exompies:

$. ROAD DEFECTS 0. WEATHER 4. Guerdreil or guerdpest 3. Asloay 3. Porked in vovel lones
1. Loses materiol 1. Cowr in madien 4. Othor physicel impairmen 4. Geing swaight chood
2. Clowdy $. Guardre | o guerdpest 5. Resriction net complind 5. Chonging lones o morging
2. 3. Reining on shoulder with 6. Peasing
3. 4. Snewing 6. Beidge 6 Nermeal 7. Mohing right torn
2. SPEED LT 4. Solt shautdors 3. Fog 7. Undorposs 7. Condition nst knewn 0. Meoking loft turn
3, ROAD FEATURE 3. Orher detests 6, Sleot o heil 0. TraMic 1slond, curb, 13. CHEMIC AL TEST 9. Meking U tem
1. Beidge or wnderpens 6. Rood under 9. TRAFFIC CONTROL o medion V4. PEDESTRIAN ACTION 10. Boching
3. Drivewey conatuction 1. Step sign 9. Sign o cign post 1. Cronuing ot intorsection 11. Slowing or stopping
3. Alfley intersection 7. Ne datects 2. Yield sign 10. Animel 2. Cronsing net ot interesction 12. Sterting In tesdwey
4. Intersection of twe 6. ROAD CONDITION 3. S1ep ond go signe! 11. Direh bank 3. Coming from bohind
rondweys 1. Dey 4. Flashing signal 12. Parked vohicle perhed vohicle
5. Nen.intersection 1. Wer with step sign 13. Pedaswion 4. Welhing
madien crosoaver 3. Oily 14. Orher obiact 3. Welking sgeinst traf
4. End o boginning of 4. Muddy 18, Nene 6. Cotting on o off vehicle one o mare}
divided highwoy S. Snowy V1. SOBRIETY 7. Stemding in reed 1. Defoctive ohes
7. Other 4 ley LR, 1. Hed not been drinking 4. Warking in reed 2. Defoctive hoadlights
4, ROAD SURPACE 7. LIGHT CONDITION 8. OHieer 2. Drinking-obillty impaired 9. Playing in reed 3. Detective reor lights
1. Concrore 1. Deylight 9. Ovhar doviee 3. Drinking-uneble 1o 10. Lying In reed 4. Defective steoring
2, Dush 10. Na conmel prosent datormine impsirment 11. Ovher 5. Dofoctive tires
3. Dewn 10. OBJECY $TRUCK (Firer 4. Unknewnr 12. Not In roed 6. Other defocts
4. Derk (swset lighted) 1. Tree nly) 12. PHYSICAL CONDITION 15. VEMICLE MANMEUVER 7. Not bnown Hf deloctive
S, Derhness (atveet nor 2. Uniliry pele nm 1. Steppad in wevel lane 8. Ne dolocts dorosiod
lightod) 3. Fonse o lomge poot 2. Fatigwed 7. Parhed out of travel tomee
Date of Dey of ! AM. P.M. Do not write in this space
Accident 19 Weok Hour rﬂ Cf *
Accident O
% | Oceurred N City or
el n County CONesr  youmaf
% | Ourside City o Town Miles 1[0 of [ Limits () Conter
8 NE s W Patrol Ama
o | On
Huwy. No. (1., TS, N.C, RV, RU) (T No., or within corporote limits, identify by name
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In filling out these items on the back use the following sxamples:

1. LocALITY $. ROAD DEFECTS 0. WEATHER
1. Susinass 1L rial 1. Chee
2. Residential 2. Clovdy
3. Schos! & pleygrownd 2. Heles, dewp rute 3. Raining
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5 &

5.G - guerd, net compliod
on shovider with
6. Beidge 4. Normel
7. Undorpase 7. Conditian net knewn
6. TroHic isiend, cwib, 13, CHEMICAL TEST
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1
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Table B.1

Vehicle Speeds, A1l Highways

Percent Sample
Year Vehicle Mean Speed 85% Speed 80% Interval 80% Width Above 55 Size
e

1963 All 54.2 60 (42.7 61.0) 18.3 42,7 NAL
Pasgr. 55.7 62 (45.2 61.6) 16.4 52.0 NA
Cars
Comm. 50.3 56 (40.2 57.7) 17.5 18.3 NA
Vehicle

1964 A1l 53.2 59 (42.2 60.1) 17.9 36.6 NA
" Pasgr. 54,2 60 (43.4 60.5) 17.1 43.3 NA
Cars
Comm. 50.1 55.5 (40,5 57.2) 16.7 16.6 NA
Vehicle

1965 All 53.3 60 (41.9 60.4) 18.5 36.9 NA
Pasgr. 54,5 60 (43.5 60.9) 17.4 43.9 NA
Cars
Comm. 50.3 56.6 (40.1 57.9) 17.8 18.4 NA
Vehicle

1966 All 53.6 60 (42.3 60.6) 18.3 37.2 NA
Pasgr. 54,9 60 (44.5 61.1) 16.6 44,7 NA
Cars
Comm. 50.3 56 (40.4 57.6) 17.2 16.9 NA
Vehicle

1967 A1l 53.7 60 (41.8 60.8) 19.0 38.6 NA
Pasgr. 55.0 61 (43,7 61.4) 17.7 46,2 NA
Cars
Comm, 50.5 58 (39.4 58.0) 18.6 18.6 NA
Vehicle

1 §A - data not available.

8L




Table B.1 Vehicle Speeds, All Highways

(Continued)

Percent Sample
Year Vehicle Mean Speed | 85% Speed 80% Intetyal 80% Width Above 55| Size
1968 A1l 53.6 59 (42.3 60.2) 17.9 35.8 4962
Pasgr. 54.5 59 (43.5 60.7) 17.2 42.1 3583
Cars
Comm. 51.0 57 (40.7 57.9) 17.2 18.8 1342
Vehicle
1969 A1l 53.5 59 (42.9 60.3) 17.4 33.7 4901
Pasgr, 54.7 60 (44.7 61.0) 16.3 41.3 3347
Cars
Comm. 50.8 55 (41.0 57.4) 16.4 16.7 1524
Vehicle
1970 All 55.0 60 (44.7 61.4) 16.7 44.2 4881
Pasgr. 56.4 62 (46.3 62.0) 15.7 52.0 3313
Cars
Comm. 52.3 59 (42.0 59.3) 17.3 27.2 1544
Vehicle
1971 All 54.3 59 (44.0 61.6) 17.6 39.9 5014
Pasgr. 55.4 60 (45.5 62.6) 17.1 47.3 3500
Cars
Comm. 51.9 58 (41.8 58.6) 16.8 22.8 1476
Vehicle

6€L




(CONTINUED)

Table B.1 Vehicle Speeds, A1l Highways

Percent Sample
Year Vehicle ean Speed | 85% Speed 80% Interval 80% Width Above 55 | Size
1972 A1l 51.7 58 (41.6 59.1) 17.5 25.3 4171
Pasgr. 52.4 60 (42.6 59.4) 16.8 28.2 2883
Cars
Comm. 50.3 57 (40.3 58.2) 17.9 18.9 1268
Vehicle
1973 A1l 52.3 60 (40.4 61.4) 21.0 33.9 4471
Pasgr. 53.3 60 (41.4 62.1) 20.7 37.9 3070
Cars
Comm, 50.4 59 (38.3 59.6) 21.3 25.2 1381
Vehicle
1974 A1l 50.7 57 (41.6 58.0) 16.4 20.1 4361
Pasgr. 51.5 57 (42.7 58.4) 15.7 22.6 2937
Cars
Comm. 49.2 55 (40.5 56.9) 16.4 14.9 1412
Vehicle
1975 A1l 52.3 58 (42.9 59.3) 16.4 29.6 4442
Pasgr. 52.8 58 (44.2 59.4) 15.2 31.0 3092
Cars
Comm. 51.2 58 (41.2 58.9) 17.7 26.6 1322
Vehicle

ovl




Table B.2 Vehicle Speeds:

Interstate Highways

Mean Sample 85% 80% 80% Percent Percent

Year Vehicle Speed Size Speed Interval Width Above 55 Above 65

1968 Pasgr. 62.1 793 66 (54.1 66.3) 12.2 88.4 20,1
Cars
Comm, 58.3 319 64 (47.0 63.9) 16.9 66.8 4.1
Vehicles

1969 Pasgr. 63.0 782 67 (54.2 67.3) 13.1 88.6 27.9
Cars
Comm, 57.8 331 64 (47.0 63.8) 16.8 61.6 4.5
Vehicles

1970 Pasgr. 64.6 786 69 (56.2 68.7) 12.5 94.8 37.4
Cars
Comm. 60.8 335 64 (51.0 65.5) 14.5 77.9 13.7
Vehicles

1971 Pasgr. 62.6 1102 66 (55.0 66.6) 11.6 90.1 22.6
Cars
Comm. 60.6 486 64 (50.8 65.3) 14.8 78.8 11.9
Vehicles

1972 Pasgr. 60.8 1156 65 (52.9 65.2) 12.3 84,3 11.2
Cars
Comm, 58.2 550 65 (48.8 64.0) 15.2 67.3 5.1
Vehicles

1973 Pasgr. 65.4 1098 70 (56.5 70.1) 13.6 95.4 44,1
Cars
Comm, 61.9 463 69 (50.8 67.7) 16.9 78.8 25.3
Vehicles

1974 Pasgr. 57.4 1036 62 (50.5 63.0) 12.5 63.3 3.6
Cars
Comm. 54,4 570 60 (46.7 59.6) 12.9 35.4 0.5

Ll




(Continued)

Table B.2 Vehicle Speeds: Interstate Highways

. Mean Sample 85% 80% 80% Percent Percent
Year Vehicle Speed Size Speed Interval Width Above 55 Above 65
o —— — —— M
1975 Pasgr. 58.9 986 63 (52.0 63.9) 11.9 77.2 5.1
Cars
Comm. 58.1 561 62 (50.9 63.5) 12.6 69.2 4.5
Vehicles

Al




Table B.3 Speed data: Main routes
: Mean Sample 85% 80% 80% Percent Percent
Year Vehicle Speed Size Speed Interval Width Above 55 Above 65
e

1968 Pasgr. 54,2 2958 59 (43.5 61.3) 17.8 40.3 12.8
Cars
Comm. 50.8 1065 56 (40.7 57.5) 16.8 16.9 3.1
Vehicles

1969 Pasgr. 54.6 2761 59 (44.9 62.0) 17.1 11.0 14.6
Cars
Comm. 50.8 1229 55 (41.1 57.3) 16.2 16.2 2.8
Vehicles

1970 Pasgr. 56.3 2763 62 (46.2 63.5) 17.3 54,2 22.0
Cars
Comm. 52.5 1215 59 (42.1 59.5) 17.4 28.1 7.9
Vehicles

1971 Pasgr. 55.4 2876 60 (45.4 62.6) 17.2 47.2 17.2
Cars
Comm., 51.6 1199 58 (41.5 58.4) 16.9 21.4 4,5
Vehicles

1972 Pasgr. 52.3 2680 60 (42.5 59.5) 17.0 27.9 7.8
Cars
Comm, 50,1 1179 57 (40.1 58.0) 18.1 17.6 5.1
Vehicles

1973 Pasgr. 53.7 2556 60 (42,3 62.2) 19.9 39.3 14,6
Cars
Comm, 50.8 1173 60 (39.1 59,9) 20.8 26.9 9.7
Vehicles

1974 Pasgr. 51.2 2701 57 (42.4 58.2) 15.8 21.1 4.0
Cars .
Comm. 49,0 1300 55 (40.4 56.6) 16.2 13.8 1.8

evl




(Continued)

Table B.3 Speed Data: Main routes

Mean Sample 85% 80% 80% Percent Percent
Year Vehicle Speed Size Speed Interval Width Above 55 Above 65
1975 Pasgr. 52.7 2801 58 (44.1 59.3) 15.2 30.6 6.9
Cars
Comm. 51.3 1211 58 (41.2 58.9) 17.7 26.8 5.2

122
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Table B.4 Total crashes in North Carolina (January through April).

. Number of Crashes Percent Change
Variables 1973 1974 1975 73-74 74-75 73-75

37832 33946 37979 -10,27° 11.88 0.39

Entire state

Urban 17236 16919 19278 - 1.84 13.94 11.85
(45.56)°  (49.84) (50.76) ( 4.28)° ( 0.92) ( 5.20)
Rural 20596 17027 18701 -17.33 9.83 -9.20
(54.44) (50.16) (49.24) (-4.28) (-0.92) (-5.20)
Weekday 22336 21422 24055 - 4.09 12.29 7.70
(59.04) (63.11) (63.34) ( 4.07) ( 0.23) ( 4.30)
Weekend 15496 12524 13924 -19.18 11.18 -10.14
(40.96) (36.89) (36.66) (-4.07) (-0.23) (-4.30)

Urban-Weekday 10928 11390 13002 4.23 14.15 18.98
(28.89) (33.55) (34.23) ( 4.67) ( 0.68) ( 5.35)

Urban-Weekend 6308 5529 6276 -12.35 13.51 - 0.51
(16.67) (16.29) (16.52) (-0.39) ( 0.24) (-0.15)

Rural-Weekday 11408 9594 11053 -15.90 15.21 - 3.1
(30.15) (28.26) (29.10) (-1.89) ( 0.84) (-1.05)

Rural-Weekend 9188 7433 7648 -19.10 2.89 -16.76
(24.29) (21.90) (20.14) (-2.39) (-1.76) (-4.15)

1 percent change: -10.27 = §§2%g§%%§§§_x 100.

2 percent of column total.
3 Difference in column percentages (e.g., 4.28 = 49.84 - 45.56).
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Table B.5 Fatal crashes in North Carolina (January through April).

Number of Fatal Crashes

Percent Change

Variables 1973 1974 1975 73-74 74-75 73-75
oo e e—e———]

Entire state 478 375 361 -21.55! - 3.73 -24.48

Urban 83 53 60 -39.77 13.21 -31.82
(18.41)2  (14.13) (16.62) (-4,28) ( 2.49) (-1.79)

Rural 390 322 301 -17.44 - 6.52 -22.82
(81.59)  (85.87)  (83.38) | ( 4.28)  (-2.49)  ( 1.79)

Weekday 233 211 185 - 9.44 -12.32 ~20.60
| (48.74)  (56.27)  (51.25) | ( 7.52)  (-5.02) ( 2.50)

Weekend 245 164 176 -33.06 7.32 -28.16
(51.26)  (43.73)  (48.75) | (-7.52)  ( 5.02)  (-2.50)

Urban-Weekday 49 35 33 -28.57 - 5.71 -32.65
(10.25)  ( 9.33)  ( 9.14) | (-0.92)  (-0.19)  (-1.11)

Urban-Weekend 39 18 27 -53.85 50.00 -30.77
(8.16) (4.80) ( 7.48) | (-3.36) ( 2.68)  (-0.68)

Rural-Weekday 184 176 152 - 4.35 -13.64 -17.39
(38.49)  (46.93)  (42.11) | ( 8.44)  (-4.83)  ( 3.61)

Rural-Weekend 206 146 149 -29.13 2.05 -27.67
(43.10)  (38.93)  (41.27) (-4.16)  ( 2.34)  (-1.82)

1 percent change: -21.55 = §Z§§§Z§-x 100.

2 Percent of column total.

3 Difference in column percentages (e.g., -4.28 =

14.13 - 18.41).
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Table B.6 Injury crashes in North Carolina (January through April).
. Number of Injury Crashes Percent Change
Variable 1973 1974 1975 73-74  74-75  73-75
Entire state 14214 12515 13570 | -11.95 8.43 - 4,53
Urban 6254 5881 6495 -~ 5.96 10.44 3.85
Rural 7960 6634 7075 -16.66 6.65 -11.12
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Table B.7 Violations of accident-involved drivers in
North Carolina (January through April).

Number of Violations

Change in Distribution

VioTation Population | o735 1974 1975 | 7374 7475 73-75

. Total 7592 6083 6127 - 1.460  -1.65  -3.11
Speeding < 65 Male 5815 4652 4642 - 1.0 -1.85  -2.85
Female 1621 1254 1279 - 2.13 -1.50  -3.63

Total 777 827 884 0.51 -0.08 0.43

Speeding 65-75 Male 653 698 736 0.70 -0.11 0.59
Female 74 55 61 - 0.12 -0.01  -0.14

Total 512 317 334 - 0.40 -0.04  -0.44

Speeding > 75 Male 447 272 291 - 0.47 -0.02  -0.50
Female 25 15 1 - 0.08 -0.06  -0.15

Total 4682 3719 3988 - 1.01 -0.30  -1.31

Failed to Yield Male 2962 2266 2411 - 0.99 -0.26  -1.26
Female 1664 1338 1531 - 0.99 -0.45  -1.44

- Total 3049 2341 2608 - 0.92 0.09  -0.82
D"‘Vg?ge“”°"g Male 2235 1651 1872 - 1.02 0.30  -0.72
Female 716 554 605 - 0.94 -0.24  -1.18

Total 1056 786 848 - 0.40 -0.05  -0.45

Improper Passing Male 819 594 610 - 0.43 -0.16 -0.59
Female 220 164 198 - 0.36 0.13  -0.24

Total 1399 1170 1229 - 0.1 -0.17  -0.28

Ran Stop Sign Male 933 740 777 - 0.19 -0.13  -0.32
Female 445 399 419 0.07 -0.35  -0.28

. Total 1159 1019 1281 0.07 0.47 0.53
RagiT:gff‘c Male 753 620 794 - 0.05 0.50 0.45
9 Female 393 382 466 0.41 0.35 0.76

: Total 2807 2134 3078 - 0.91 2.13 1.22
F°1‘g¥;22 too Male 2034 1541 2174 | - 0.75 2.09  1.34
Female 744 555 859 -1.22 2.41 1.19

Total 1152 1169 545 0.57 -2.16  -1.59

Improper Turn Male 755 746 325 0.53 -2.08 -1.55
Female 383 400 203 0.73 -2.63  -1.90

Total 404 256 268 - 0.30 -0.04  -0.33

Improper Signal Male 288 187 191 - 0.25 -0.06  -0.31
Female 1 62 73 - 0.43 0.03  -0.40

Total 310 221 256 - 0.15 0.04  -0.1

Improper Parking Male 116 83 91 - 0.07 0.002 -0.06
Female 26 24 29 0.01 0.02 0.03
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Table B.7 (Continued).
_ ) Number of Violations Change in Distribution
Violation Population] 1973 1974 1975 73-784  78-75  73-75
Total 1185 1246 1277 0.72 -0,27 0.45
Drinking Male 1063 1102 1160 0.98 -0.18 0.80
Female 104 117 100 0.30 -0.34  -0.04
Total 513 494 506 0.17 -0.11 0.06
Reckless Driving Male 444 416 418 0.21 -0.15 0.05
Female 54 55 65 0.09 0.03 0.1
Total 7923 7833 9496 3.24 2.56 5.80
Didn't Look Male 5299 4996 6094 2.59 2.73 5.32
Female 2530 2670 3257 5.17 2.41 7.58
. Total 332 340 367 0.17 -0.02 0.15
Imgzgpgiat;ghts Male 235 247 249 0.23  -0.09  0.15
Female 93 92 115 0.12 0.11 0.23
Total 1329 1209 1193 0.21 -0.40  -0.19
Other Male 893 745 639 - 0.01 -0.53  -0.54
Female 290 205 244 - 0.61 0.12  -0.49
Total 36181 31164 34285 -13.872  10.01  -5,24
Total Male 25744 21556 23524 -16.27 9,13  -8.62
Female 9493 8391 9515 -11.61 13.40 0.23
. 6083 x 100 7592 x 100 1.6
37164 36181 .
» 31164 - 36181 100 = -13.87

36181
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Table B.8 Probability that driver is seriously injured
(incapacitated) or killed as a function of
TAD severity (Pr{I>A|TAD}).

_— 1973 1974 1975
' logy,(p) P Togy,(p) B Togo(P)
1 .00769 -2.1 .00619 -2.21 .00462 -2.34
(60)2 (43) (51)
2 .00936  =2.03 .01230 -1.91 01012 -1.99
(67) (74) (94)
3 .02444  -1.61 .02915 -1.53 02277  -1.64
(136) (129) (150)
4 .04765  -1.32 .05058 -1.30 05003  -1.30
(201) (171) (232)
5 .12120 -0.92 .1009&  -0.99 09528  -1.02
(259) (165) (216)
6 .19502  -0.71 .15432 -0.81 17495 -0.76
(313) (175) (271)
7 .33679  -0.47 .35047 -0.46 28790 -0.54
(325) (225) (245)

1

2actual number of drivers seriously injured or killed.

p = estimate of Pr{I>A|TAD}
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Table B.9 Probability that driver is killed as a
function of TAD severity (Pr{K|TAD}).

TAD 1973 1974 1975

Pt log,o(P) p log, o (F) p (10g,4(P)

1 .00038  -3.41 .00043  -3.36 .00018  -3.74
(3)2 (3) (2)

2 .00042  -3.38 .00017  -3.78 .00065  -3.19
(3) (1) (6)

3 00162  -2.79 .00226  -2.65 .00076  -3.12
(9) (10) (5)

4 .00261  -2.58 .00325  -2.49 .00302  -2.52
(1) (1) (14)

5 .01310  -1.88 .00918  -2.04 .00706  -2.15
(28) (15) (16)

6 .02368  -1.63 .02205  -1.66 .02389  -1.62
(38) (25) (37)

7 09119 -1.04 .08411  -1.08 07991  -1.10
(88) (54) (68)

15 = estimate of Pr{K|TAR}

2actual number of drivers killed
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Table B.10. Tractor trailer/semi-trailer speed data
for Interstate highways and main routes.!

Road Mean 85-th Interval
Year Type Spead Percentile 80% Interval Width
1968 Int. 58.1 64 (47.4, 63.6) 16.2
Main 51.2 56 (41.4, 57.4) 16.0
1969 Int. 57.5 64 (48.2, 63.3) 15.1
Main 50.8 54 (41.8, 56.4) 14.6
1970 Int. 60.8 64 (51.6, 65.0) 13.4
Main 52.4 59 (42.6, 59.2) 16.6
1971 Int. 60.4 64 (51.4, 65.5) 14.1
Main 51.8 57 (43.1, 57.9) 14.8
1972 Int. 58.3 65 (49.2, 64.1) 14.9
Main 51.0 57 (41.5, 58.6) 17.1
1973 Int. 61.6 68 (51.4, 67.7) 16.3
Main 50.9 59 (40.2, 59.7) 19.5
1974 Int. 54.2 59 (46.4, 59.4) 13.0
Main 49.5 55 (40.6, 56.7) 16.1
1975 Int. 58.6 64 (51.1, 64.1) 13.0
Main 54.1 ‘60 (44.2, 60.0) 15.8

1Source: "Rural Speeds on Primary Highways and Secondary Roads;"
Planning and Research Section of the MNorth Carolina Division of
Highways.
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Time series analysis is that branch of statistics concerned with
the analysis of sequences of dependent observations on some random
variable. Quite often when observations of a variable are plotted
against time, certain patterns such as seasonality trends become apparent.
Using time series techniques, one can develop models based on samples of
observations that not only provide some insight into the nature of the
relationships between observations, but can also be used to predict
future behavior taking into account these within-period trends.

In this report, such an approach has been used to investigate total
vehicle mileage, total crashes, and fatal crashes on a monthly basis
from 1962 through 1975. The major reason for doing this was to develop
models based on the series of observations from January, 1962 through
December, 1973; use these models to predict monthly values for 1974 and
1975; and then compare these expected figures with the actual observations.
In this way, the impact of the energy crisis period on these three
variables can be examined.

Figure 2.1 in Section 2.1.1 is a time series plot of the estimated
monthly vehicle mileage in North Carolina for 1962 through 1975. It is
immediately apparent that the series is increasing in a linear fashion
between 1962 and 1973, and exhibits a seasonal component with a period.
of approximately 12 months. Following the procedures for non-stationary,
seasonal behavior suggested by Box and Jenkins (1970), a multiplicative
integrated moving average model was found to provide the best fit to the
series between January, 1962 and December, 1973. The theoretical form
of this model is as follows:

AY ]z)a

12 Ly = (1-6B)(1-9B

¢ (c.1)

t
v
where Zt is the estimated vehicle mileage in month t (t=1 for January,
1962); {at} is a sequence of independent, identically d;stributed normal
random variables with mean zero and constant variance Sa; B is the
backward shift operator such that
gK

F, = 2

- ] .
t ok where B =B'
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and v 1is the difference operator defined by

VK = 1-BK, where v = V'

Upon writing out the left side of (C.1), it is clear that mileage
in any particular month depends to a large extent upon the mileage
observed 12 months earlier plus the mileage due to the increasing trend
over a one year period. Once these two components are incorporated in
the model, the remaining behavior is accounted for by the appropriate
combination of random shocks as indicated by the expression on the right
side of (C.1). The least squares estimates of the two parameters were
6 =0.99 and ¢ = 0.03. Using these values in the model (C.1) and the
expected value of zero for the unknown shocks after December, 1973, pre-
dicted values of vehicle mileage for 1974 and 1975 were computed. These
forecasts and their implications are discussed in Section 2.1.1 of this
report.

Figures C.1 and C.2 present the total and fatal crash series for the
period January, 1962 through December, 1975. As with vehicle mileage,
both of these series seem to be experiencing a linearly, increasing trend
prior to 1974. The total crash series appears to be leveling off some-
what in 1973, but the fatal series definitely indicates some type of
interruption in 1974. Also, both series exhibit seasonal behavior with
a period of 12 months.

In Section 2.2.1, it was suggested that these apparent departures
from past behavior might fall within the range of random variation. To
investigate this possibility, both series through November, 1973 were
analyzed by fitting time series models. It was found that model (C.1)
was adequate for describing the behavior of both total and fatal crashes.
This is not surprising since the behavior of these two variables is quite
similar to that of estimated vehicle mileage. Table C.1 presents the
parameter estimates followed by their standard errors, an estimate of
the residual standard deviations, and goodness-of-fit information.

Predicted total crashes based on the fitted model for the 25 month
period December, 1973 through December, 1975 along with upper and lower
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Table C.1 Summary of parameter estimates for model (C.1)

for total and fatal crashes in North Carolina.

Estimate
Parameter Total Crashes Fatal Crashes
8 .82 + .10 .89 + .09
® .65 + .15 75 + .13
Sa 575 14
x2(34) 26.84 (p=.80) 34.07 (p=.40)

90 percent confidence limits and the observed number of crashes are
plotted in Fiqgure C.3. From this plot it is apparent that total crashes
for December, 1973 through March, 1974 are considerably below what would
normally have been expected; however, after March, 1974, the series
appears to return to the previous pattern of behavior.

Predicted fatal crashes, upper and lower 90 percent confidence
limits, and observed fatal crashes for the same 25 month period are dis-
played in Figure C.4. This plot illustrates that the observed fatal
accidents were uniformly below predicted values for the entire 25 month
period, and for 22 of the 25 months, observed values fell below the lower
90 percent confidence limit for the predicted values. Thus, fatal
crashes not only decreased during the energy crisis, but there is rather
conclusive evidence that the number of fatal crashes continued to fall
below previous trends long after the height of the crisis had passed.
Since traffic volume returned to pre-crisis levels in 1975, this analysis
suggests that the lowered speed 1imit may very well be directly responsi-
ble for much of the reduced number of fatal crashes.

This investigation indicates that differences observed during the
energy crisis in total and fatal crashes were not likely to be due to
random variation. Furthermore, Figure C.4 implies that the number of
fatal accidents appears to have undergone a significant, downward dis-
placement, since there is no indication that fatal crashes are reverting

to their predicted levels in 1975. Moreover, the fact that fatal crashes
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decreased somewhat more than total crashes suggests that there has been
a general decrease in accident severity in North Carolina. However, one
must realize that this approach is limited to an examination of rather
gross effects. Since there were a large number of factors interacting
during this period, a more detailed analysis was necessary to examine
the nature of the general changes described above (see Chapter 3).
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APPENDIX D

A Multivariate Analysis of the Changes in the Driver
Injury Distribution Associated with the Energy Crisis
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Introduction

The accident data available for this analysis consists of all
reported accidents occurring in North Carolina from January - April in
1973 and correspondingly in 1974. As indicated in the main text, if one
assumes that this data represents a random sample taken from a large popu-
lation of interest, then a variety of techniques of statistical inference
can be applied. In this case, a variable selection or screening process
was carried out, followed by modeling using categorical data techniques
and finally the construction of appropriate indices for comparison pur-
poses.

The variable selection or screening process was required in order to
reduce the dimensionality of the final contingency table used in the
weighted least squares modeling at the next step of the analysis. Various
criteria are utilized in the selection process. Accident year is essen-
tially chosen a priori since differences in driver injury distributions
for the two accident years is the basic question of interest. As for the
remaining independent variables, they are selected primarily in the order
of and on the basis of their strength of association with driver injury.
Where two variables have essentially a similar degree of association with
driver injury (e.g., road type vs time of day), that variable (time of
day) with fewer levels is selected as this effects a greater reduction in
the dimensionality of the final contingency table.

The weighted least squares analysis of categorical data procedure
was chosen for the modeling because it represents a convenient procedure
for characterizing the relationship between the dependent variable "injury"
and the various independent variables selected during screening. It also
allows for models to be developed in terms of the proportions themselves
(as opposed to log-linear transformations), and provides a goodness-of-
fit statistic for the model at each stage.

Finally, the derived regression coefficients obtained from the model-
ing process are then incorporated into a set of indices for deriving esti-
mates of the serious injury reduction attributable to various energy

crisis-related factors.
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Screening Process

Eight basic variables were selected as factors affected by the
energy crisis and associated with driver injury rates. The marginal dis-
tributions of these variables for the periods of interest in 1973 and
1974 are displayed in Table D.1. Along with the substantial reduction
in the total number of vehicles involved in accidents in North Carolina,
one should note the percentage reductions in weekend accidents, high
speed accidents and rural (both Interstate and non-Interstate) accidents.

Table D.2 shows the injury distributions for the same period accord-
ing to three dichotomizations of interest. The percent of serious or

Table D.2 Distribution of fatal (K), serious or fatal (A+K),
and any injury (I) to drivers involved 1in
North Carolina accidents occurring during the
first four months of 1973 and 1974, respectively.

1973 1974
Driver
Injury No.* 92 No. % Total
K 398 0.5 314 0.5 712
& 77,294  99.5 64,267 99.5 142,273
A+K 3,079 4.0 2,465 3.8 5,544
A+K 74,613  96.0 62,116  96.2 136,729
I 13,561 17.5 12,152  18.8 25,713
T 64,131 82.5 52,429 81.2 116,560
Total 77,692 64,581 142,273

Missing: 6808 in 1973; 7453 in 1974
2Within column percent (excluding missing values)
3K = not killed
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Table D.1 Marginal distribution of selected variables for
North Carolina accidents occurring during the
first four months of 1973 and 1974, respectively.
1973 1974
Variable Level No.! 92 No. % Total
Driver <20 yrs. 19,094 24.1 16,056 24.1 35,150
Ade 21-35 yrs. 31,350 40.2 26,578 40.0 58,428
g >36 yrs. 28,249 35.7 23,851  35.9 52,100
Driver Male 56,356 70.7 46,371 69.1 102,727
Sex Female 23,395 29.3 20.747  30.9 44,142
Belt Unbelted 54,732 86.0 50,457 86.7 105,189
Usage Belted 8,878 14.0 7,758 13.3 16,636
1 46,938 64.8 41,627 65.6 88,565
Occupancy > 25.492  35.2 | 21.782 34.4 47.274
<30 mph. 50,289  65.4 46,517 68.2 96,806
ESPI 31-55 mph. 22,349  29.1 19,287 28.3 41,636
>56 mph. 4,248 5.5 2,452 3.2 6,700
Road Urban 39,221 48.6 36,194 53.1 75,415
Tvpe Rural, Non-Int. 39,261 48,7 30,768 45.2 70,029
yP Rural,Interstate 2,185 2.7 1,176 1.7 3,361
Time of Day 53,609 70.5 48,986 69.6 107,595
Day Night 24,495  29.5 21,349 30.4 45,844
Time of Weekday 58,615 69.4 52,226 72.5 110,841
Week Weekend 25,885  30.6 19,808 27.5 45,693
Total 84,500 72,034 156,534

IMissing observations can be obtained from the overall totals.
2Within column percent (excluding missing values).
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fatal (A+K) injuries is shown to have decreased slightly in 1974, while
the percent of any injury (I) has increased. This is consistent with the
findings in Chapter 3, namely that an apparent increase in driver injury
severity was due to a reduction in both the percent of seriously injured
and in the percent of non-injured thereby resulting in an increase in

B and C level injuries.

Due mainly to sample size considerations, the major portion of this
Appendix deals with the (A+K) vs. (A+K) representation of driver injury.
The first step in selecting the most important independent variable (i.e.,
that variable most associated with the 1ikelihood of serious injury) is to
consider the xg/(d.f.) statistics for each of the eight variables identi-
fied in Table D.1 vs. serious driver injury. Also included as a candidate
independent variable is accident year. As shown in Table D.3, the most
important variable appears to be ESPI, followed by Time of Day, Road Type
and Belt Usage. ESPI is also strongly associated with accident year (see
Table D.4).

To determine which of the remaining variables is the next most impor-
tant with respect to serious driver injury (after adjusting for ESPI),
Pearson Chi-squares are generated within each level of ESPI (for each of
the remaining variables) and then summed to yield the termination statis-
tic (Q) shown in Table D.5. For details, see Higgins and Koch (1975).

An alternative criterion examined is the Pearson Chi-square per degree of
freedom for each three-way table (e.g., time of week x ESPI x driver
injury).

From Table D.5 in terms of Xg/(d.f.), Belt Usage and Occupancy
appear to be of similar importance, but the termination statistics show
that, within levels of ESPI, the importance of Occupancy is non-significant
whereas Belt Usage remains strongly associated with serious driver injury.

As mentioned in the previous section, Year is a variable that,
because of the nature of the study, is desired in the model even if its
statistical association with serious driver injury is marginal, Accord-
ingly, Table D.6 presents detailed information on the various four-way
combinations including Year.



-168-

with drivers incurring serious injury.

Table D.3 Examination of association of selected variables

A+ K
No. Drivers
Variable Level Involved No. % x%/(d.f.) d.f.
. <20 yrs. 33,791 1,550 4.6
DX‘;e” 21-35 yrs. 56,338 2.059 3.7 44.16 2
9 >36 yrs. 50,295 1,637 3.4
Driver Male 54,822 2,193 4.0 14.76 1
Sex Female 22,496 865 3.8 :
Belt Unbelted 16,177 218 1.3
Usage Bel ted 101,001 3,688 3.7 228.97 1
88,520 .8 3.
Occupancy >} 4?,223 ?,sgi 3.2 0.79 1
<30 mph. 85,155 1,995 2.3
ESPI 31-55 mph. 41,225 2,198 5.3 1667.08 2
>56 mph. 6,547 1,084  16.2
Road Urban 70,257 1,525 2.2
oo Rural, Non-Int. 67.857 3,785 5.6 556.23 2
yp Rural,Interstate 3,281 199 6.1
Time of Day 99,329 3,083 3.1
Day Night 40,404 2406 6.0 617.85 1
Time of Weekday 101,142 3,608 3.6 101,11 :
Week Weekend 41,131 1,936 4,7 :
Year 1973 77,692 3,079 4.0 | g7 :
1974 64,581 2,465 3.8 .

IMissing cases excluded.




-169-

Table D.4 Examination of association of selected
variables with accident period.

1974
to. Drivers
Variable Level Involved! (%) Xg/(d.f.) d.f.
. <20 yrs. 35,150 24.1
DX‘ZG“ 21-35 yrs. 58, 428 40,2 0.48 2
g >36 yrs. 52,100 35.9
Driver Male 102,727 69.1
Sex Female 44.142 30.9 43.00 1
Belt Unbelted 105,189 86.0 86.7 10.19 :
Usage Belted 16,636 14.0 13.3 :
88,565 .
Occupancy g arions | Se2 saa | 1057
<30 mph. 96,806 65.4 68.2
ESPI 31-55 mph. 41,636 29.1 28.2 107.64 2
>56 mph. 6,700 5.5 3.6
Road Urban 75,415 48.6  53.1
Tvoe Rural, Non-Int. 70,029 48.7 45.2 201.18 2
yp Rural,Interstate 3,361 2.7 1.7
Time of Day 107,595 30.4 13.98 1
Day Night 45,844 69.6 .
Time of Weekday 110,841 72.5
Week Weekend 45,693 27.5 1.7 1

Missing cases excluded.

2Column percent.




Table D.5 Examination of association of remaining variables with
drivers incurring serious injury, controlling for ESPI.
ESPI ESPI ESPI
No. Drivers No. Drivers No. Drivers xg/(d.f.)
Variable Level Involved Involved Involved % (A+K) Q!
. <20 yrs. 18,574 3.4 10,969 4,7 2,324 14.9
priver 21-35 yrs. 32,262 1.5 17.428 5.3 2,924  17.0 g?g;g
9e >36 yrs. 33,145 2.0 12,511 5.9 1,096 16.7 .

Driver Male 56,420 2.3 31,110 5.0 5,661 16.2 684,92 5
Sex Female 28,348 2.3 10,021 6.3 743 17.0 25.59 3
Belt Unbelted 59,248 1.4 30,887 5.8 30,887 17.4 201.79 3
Usage Belted 9,604 0.6 4,974 2.3 682 6.0 913.26 5

Occupanc 1 52,953 1.3 25,918 5.5 3,866 15.9 966.35 5
pancy >1 27,226 1.3 14,714 5.0 2,553 16 4.75 3
Urban 53,560 1.7 10,093 3.9 343 18.7
Road " Rural, Non-Int. 30,120 3.5 29,550 5.8 5,329  16.8 100.89 2
P Rural,Interstate 349 3.5 1,432 4.9 772 10.8 :
Time of Day 64,003 2.0 25,915 4.9 2,674 14.1 690. 37
Day Night 19,371 3.6 14,834 6.1 3,750 17.6 201.01

Time of Weekday 63,066 2.2 27,650 5.2 3,598 16.3 670.37 5
Week Weekend 22,089 2.7 13,575 5.6 2,859 16.0 24.49 3
Year 1973 44,940 .3 22,171 5.3 4,128 14.6 682.71 5

1974 40,215 .0 19,054 5.4 2,329 18.9 29.22 3
3
'Q = Termination statistic = ) x3

i
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Table D.6 Examination of association of remaining variables with drivers incurring
serious injury, controlling for Belt Usage, ESPI, and Year.

1973 1974
Belt )
Variable  Usage ESPI No. P xf; Ho. P Xp Q d.f.
] 4,879! io.g, 0.7, o.7g 0.25 4,653 so.a, 0.4, 0.6; 0.76
B 2 2,646 1.3, 2.0, 2.8 3.39 2,301 3.1, 1.8, 2.7 2.90 13.45 12
Driver 3 490 (5.5, 5.0, 8.2) 1.55 188 (1.7, 6.1, 12.9) 4.60
Age 1 29,693 (1.4, 1.2, 1.8) 15.70 29,066 (1.5, 1.2, 1.3) 2.27
U 2 16,116 (5.4, 5.5, 6.3) 4.80 14,554 (4.6, 6.2, 6.3)  15.09 50.46 12
3 3,097  (14.9, 16.4, 15.0) 1.30 1.867  (16.8, 22.0, 25.3)  11.30
1 4,894 (0.6, 1.1) 2.65 4,690 (0.4, 0.5) 0.06
B 2 2,657 (1.8, 3.5) 5.46 2.314 (1.8, 4.7) 1.67 10.74 6
Driver 3 493 (5.5, 9.1) 0.89 189 (5.6, 10.0) 0.01
Sex 1 29,834 (1.4, 1.6) 2.21 29,253 (1.2, 1.5) 3.98
U 2 16,181 (5.3, 7.0) 15.83 14,658 (5.8, 5.8) 0.00 22.73 6
3 3,119 (15.6, 16.4) 0.12 1.888 (20.6, 17.6) 0.59
1 4,899 (0.8, 0.7) 0.01 4,691 (0.4, 0.6) 0.37
8 2 2.655 (2.4, 1.6) 1.53 2.316 (2.1, 3.0) 1.47 4.08 6
3 492 (5.2, 7.5) 0.70 189 (6.2, 5.1) 0.00
Occupancy 1 29,830 (1.5, 1.4) 0.73 29,292 (1.3, 1.3) 0.08 ,
U 2 16,180 (6.0, 5.2) 4.26 14,672 (6.0, 5.4) 2.34 7.47 3
3 3,124 (15.6, 15.7) 0.00 1,896 (19.9, 20.5) 0.06
] 4,849 (0.6, 1.0, 0.9) 2.91 4,688 (0.3, 0.7, 1.5) 4.86
B 2 2,648 (1.6, 2.1. 4.6) 5.78 2.315 (2.2, 2.6, 1.4) 0.81 16.63 12
Road 3 493 (5.0, 6.5, 5.4) 0.26 189 (0.0, 6.0, 10.5) 0.01
Type 1 20,574 (1.0, 2.0, 2.0) 51.97 29,229 (0.9, 2.0, 2.5)  61.92
] 2 16,121 54.8, 6.0, 4.4) 8.41 14,661 (3.9, 6.4, 6.5) 32.29 174,30 12
3 3,118 (26.4, 16.0, 11.0)  18.00 1.898 (15,5, 20.5, 20.9) 1.7 '
1 4,816 (1.2, 0.6) 3.50 4,568 (1.0, 0.3) 6.06
B 2 2,624 (1.8, 2.3) 0.51 2,288 (2.9, 2.2) 0.73 11.74 6
Time 3 491 (7.3, 4.9) 0.87 188 (5.7, 5.9) 0.07
Dgf 1 49,446 (1.7, 1.8) 3.25 28,617 (1.7, 1.2) 6.49
y U 2 16,048 (6.3, 5.4) 4.56 14,514 (6.9, 5.1) 18.92 41.14 6
3 3,11 (17.1, 13.9) 5.47 1,891 (21.3, 18.2) 2.45
1 4,908 (0.8, 0.5) 0.60 4,696 (0.4, 0.7) 0.78
) B 2 2.658 (2.4, 1.6) 1.45 2,316 (2.1, 3.3) 2.01 5.32 6
Tgﬁe 3 493 (6.5, 5.4) 0.09 189 (7.1, 3.9) 0.39
Week 1 29,908 §1.5, 1.5; 0.00 29,340 21.3, 1.4; 0.92
U 2 16,201 5.8, 5.6 0.44 14,686 5.3, 6.8 13.57 16.21 6
3 3,125 (15.5, 15.9) 0.05 1,901 (21.2, 19.0) 1.23
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A careful analysis of the different vectors (p) of injury rates and
corresponding X§'5 in Table D.6 shows that the ratgg of serious driver
injury are dramatically different between belt usaqe cateqories. Whereas
Time of Day shows some explanatory potential for both levels of belt
usage, Road Type and Age appear important only within the unbelted driver
category. Thus, Time of Day is the next variable selected for the sub-

sequent modeling task.

At this point, the cell frequencies become rather minimal for the
belted categories. Thus, since also the rates are so different between
the belt usage groups, the remainder of the variable selection process
along with the subsequent modeling is carried out within belt usage
categories.

In Table D.7, the five-way combinations for belted drivers is pre-
sented, and clearly Road Type emerges as the final variable in the model
for belted drivers. Similarly, Table D.8 shows information on six-way
combinations for unbelted drivers, with a clear indication that Driver
Age should be included as the final variable in the model for unbelted
drivers.

Beyond this point, the data becomes too sparse and/or the dimension-
ality of the contingency tables too great to add any additional variables
to either model.

Mathematical Modeling

Linear categorical models for serious injury (A+K) rates.

From the results discussed in the previous section, it is obvious
that models related to belted drivers will be different from the models
related to unbelted drivers. The first should involve ESPI, Year,

Time of Day, and Road Type whereas the second should involve ESPI, Year,
Time of Day, Road Type, and Driver Age. The basic data is given in
Table D.9. The table also includes the serious injury rates estimated
by using the models subsequently developed along with their standard
errors.

The initial design matrices X for the six ESPI x Year modules
within the belted driver category and for the four Year x Time modules
within the three unbelted x ESPI groups are given at the top of page 179.



Table D.7 Examination of association of remaining variables

with belted drivers incurring serious injury,
controlling for Time of Day, Year, and ESPI.

Time Driver Age Driver Sex Occupancy Road Type Time of Week
of Year ESPI 2 2 2 2 | 2
Day N Xp N Xp N Xp N Xp H Xp
(df=2) (df=1) (df=1) (df=2) (df=1)
1 3737 0.36 3749 1.31 3754 0.04 3716 2.85 3762 2.32
1973 2 1744 2.21 1749 4.00 1747 3.69 1742 6.06 1749 4.29
3 244 1.88 245 2.00 244 0.29 245 0.96 245 1.13
D
1 3547 1.36 3575 0.15 3575 0.00 3575 4.53 3580 5.58
1974 2 1510 0.65 1516  10.92 1517 3.48 1516 3.71 1517 5.21
3 70 1.13 70 1.42 70 0.31 70 1.26 70 0.05
1 1050 0.03 1053 1.93 1054 0.24 1041 0.59 1054 0.00
1973 2 868 1.30 874 0.32 874 0.25 872 0.78 874 0.54
3 244 2.06 246 0.07 246 3.04 246 0.75 246 0.02
N
1 979 0.59 988 3.24 988 0.03 985 8.27 988 1.38
1974 2 763 4,18 770 0.64 771 0.28 771 3.67 771 0.03
3 117  10.98 118 0.00 118 0.00 118 3.20 118 1.05
Q 26.73 25.99 11.66 36.64 21.60

-eLL-




Table D.8 Examination of association of remaining variables
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with unbelted drivers incurring serious injury,
controlling for Road Type, Time of Day, Year, and ESPI.

Time Driver Age Driver Sex Occupancy Time of Week
Road “ & year Espl

Type Day N Xp N xg f Xg N xg
(df=2) (df=1) (df=1) (df=1)

1 12831 1.66 12885 2.54 12896 0.03 12924 0.18

1973 2 2043  0.156 2055 0.79 2050 3.36 2056 0.05

3 24  3.20 24  0.83 23  0.08 24 2.15

D 1 13823  2.44 13916 2.83 13947 0.49 13970 0.80

1974 2 2128 1.47 2148  0.69 2150  0.35 2151  0.03

3 28 2.31 28 0.20 28 N.15 28 0.01

v 1 3708 2.05 3729 0.04 3734 11.84 3746 11.84
1973 2 1190 1.03 1199 0.02 1199 2.45 120 2.45

3 95 0.84 94 1.68 95 1.08 95 1.08

N 1 4128 0.02 4158  0.02 4168  0.03 4174  0.03

1974 2 1324  1.79 1346  0.07 1352 1.76 1352 1.76

3 83 7.91 84 0.0n 84 0.22 84 0.22

1 9297 10.19 9337 0.95 9232 0.00 9344  0.05

1973 2 7921 1.67 7948 12.55 7947 0.28 7956  0.00

3 1130 3.37 1139  0.25 1139 0.01 1139 0.15

D 1 7777  1.06 7816 4.02 7820 1.51 7826  0.13

1974 2 6536 6.33 6569  0.07 6573 1.34 6577  9.92

3 602 1.16 608  0.00 610 0.33 611  0.08

R 1 2792 1.89 2809 0.07 2808 1.05 2816  2.92
1973 2 4358  6.90 4371  6.07 4376  0.57 4379 2.78

3 1403  0.54 1414  0.11 1419  0.12 1419  0.00

N 1 2321 0.10 2340  0.23 2338 1.89 2344  0.01

1974 2 3925 17.24 3947 Q.11 3947 0.52 3953 2.83

3 1078 8.67 1090 2.54 1095 0.71 1099 0.69

1 219  2.79 222 0.12 220  1.30 222  0.25

1973 2 256 6.18 259 2.37 258 1.04 259 0.85

3 226 1.35 227 2.73 227  0.37 227  1.13

D 1 143  0.77 149  0.37 148 0.30 149 0.1

1974 2 262 0.92 266 0.77 266 0.00 267 0.28

3 21 3,78 22 0.24 22 0.00 22 0.12

I 1 59 0.51 60 0.42 60 1.18 60 1.18
1973 2 117 1.63 117 0.31 117 0.19 17  0.13

3 198 0.28 200 0.1 200 0.00 200 2.05

N 1 4 1.9 44 0.0 44 0.08 4  0.04

1974 2 186 1.57 188 1.18 188 0.51 188  0.37

3 44 4,32 44 0,08 44  0.00 44  0.48

Q 44,99 111.00 32.21 35.14
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Table D.9 Observed and predicted serious driver injury
rates and their corresponding standard errors.

A. Belted

ESPI  Year  Time  Road e it Estimaced e Fredict

Rate U Rate -

1 73 N U 628 7 0.011 0.0042 0.009 0.0022
1 73 N R 393 6 0.015 0.0062 0.014 0.0024
1 73 N I 20 o 0.000 0.0341 0.016 0.0061
1 73 D U 2245 10 0.004 0.0014 0.004 0.0012
1 73 D R 1380 12 0.009 0.0024 0.009 0.0017
1 73 D I 91 1 0.011 0.0109 0.011 0.0059
1 74 N u 710 6 0.008 0.0034 0.007 0.0021
1 74 N R 265 3 0.011 0.0065 0.012 0.0025
1 74 N I 10 1 0.100 0.0947 0.014 0.0061
1 74 D U 2437 5 0.002 0.0009 0.002 0.0008
1 74 D R 1085 7 0.006 0.0024 0.007 0.0017
1 74 D I 53 0 0.000 0.0132 0.009 0.0058
2 73 N i} 200 4 0.020 0.0099 0.021 0.0028
2 73 N R 609 10 0.016 0.0051 0.026 0.0025
2 73 N I 63 2 0.032 0.0221 0.028 0.0060
2 73 D U 346 5 0.014 0.0064 0.016 0.0025
2 73 D R 1288 30 0.023 0.0042 0.021 0.0023
2 73 D I 108 6 0.056 0.0220 0.023 0.0059
2 74 N U 199 9 0.045 0.0147 0.019 0.002¢
2 74 N R 524 13 0.025 0.0068 0.024 0.0027
2 74 N 1 48 0 0.000 0.0145 0.026 0.0061
2 74 D i 404 4 0.010 0.0049 0.014 0.002¢
2 74 D R 1022 27 0.026 0.0050 0.019 0.002¢
2 74 D I 90 2 0.022 0.0155 0.021 0.005¢
3 73 N u 9 0 0.000 0.0724 0.056 0.009!:
3 73 N R 174 13 0.075 0.0199 0.061 0.009:
3 73 N I 63 5 0.079 0.0341 0.063 0.009¢
3 73 D i 10 1 0.100 0.0949 0.051 0.009:
3 73 D R 150 8 0.053 0.0183 0.056 0.009:
3 73 D I 85 3 0.035 0.0200 0.058 0.009!
3 74 N u 10 0 0.000 0.0657 0.054 0,009:
3 74 N R 96 5 0.052 0.0227 0.059 0.009:
3 74 N I 12 2 0.167 0.1076 0.061 0.010
3 74 D U 9 0 0.000 0.0724 0.049 0,009
3 74 D R 54 4 0.074 0.0356 0.054 0.009
3 74 D I 7 0 0.000 0.0911 0.056 0.010
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Table D.9 Continued.

B. Unbelted (ESPI < 30 mph)
Year  Time  Rosd  Age Nber | Member OG0 Eettmated  PTEUCNT predicted
Rate Rate .

73 N v 1 1019 12 0.012 0.0034 0.013 0.0014
73 N v 2 1506 12 0.008 0.0023 0.011 0.0013
73 N U 3 1183 16 0.014 0.0034 0.014 0.0014
73 N R 1 48 19 0.025 0.0058 0.023 0.0016
73 N R 2 1075 24 0.022 0.0045 0.021 0.0015
73 N R 3 1969 1 0.032 0.0057 0.024 0.0016
73 N I 1 10 0.000 0.0657 0.020 0.0060
73 N I 2 29 0.034 0.0339 0.018 0.0059
73 N I 3 20 0.050 0.0487 0.022 0.0060
73 D v 1 2549 26 0.010 0.0020 0.010 0.0012
73 D u 2 4958 45 0.009 0.0013 0.008 0.0009
73 ) v 3 5324 62 0.012 0.0015 0.011 0.0010
73 D R 1 2040 32 0.016 0.0028 0.020 0.0013
73 D R 2 3432 51 0.015 0.0021 0.018 0.0012
73 D R 3 3825 93 0.024 0.0025 0.021 0.0012
73 D 1 1 34 0.029 0.0290 0.018 0.0059
73 D I 2 89 0.000 0.0079 0.015 0.0058
73 D 1 3 96 0.031 0.0178 0.019 0.0059
74 N U 1 1073 12 0.011 0.0032 0.012 0.0014
7% N U 2 1719 20 0.012 0.0026 0.010 0.0012
74 N v 3 1336 15 0.011 0.0029 0.013 0.0013
74 N R 1 691 16 0.023 0.0057 0.022 0.0016
74 N R 2 898 20 0.022 0.0049 0.020 0.0015
74 N R 3 732 18 0.025 0.0057 0.023 0.0016
7% N I 1 8 0 0.000 0.0807 0.020 0.0060
74 N 1 2 23 0.087 0.0588 0.017 0.0060
7% N 1 3 13 0.000 0.0514 0.021 0.0060
74 D v 1 2595 29 0.011 0.0021 0.009 0.0012
74 D v 2 5343 38 0.007 0.0011 0.007 0.0009
74 D U 3 5885 52 0.009 0.0012 0.010 0.0009
7 D R 1 1778 34 0.019 0.0032 0.019 0.0014
7 D R 2 2804 47 0.017 0.0024 0.017 0.0012
74 D R 3 3195 65 0.020 0.0025 0.020 0.0012
74 D I 1 22 0 0.000 0.0311 0.017 0.0059
7% D 1 2 68 0.029 0.0205 0.015 0.0059
74 D I 3 58 1 0.017 0.0171 0.018 0.0059
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Table D,9 Continued,

C. Unbelted (30 < ESPI < 55)
Year Time Road Age g:x:l;ee:s \ l\é:!:ltgr Ob?:::;i)id ESSZ?ted Pr?iili;ed Pr:‘?i‘ft'
; Rate Rate

73 N U 1 403 20 0.050 0.0108 0.052 0.004:
73 N U 2 536 35 0.065 0.0107 0.052 0.004:
73 N U 3 251 15 0.060 0.0150 0.064 0.004¢
73 N R 1 1385 70 0.051 0.0059 0.063 0.002¢
73 N R 2 1868 121 0.065 0.0057 0.063 0.002¢
73 N R 3 1105 84 0.076 0.0080 0.076 0.003¢
73 N I 1 26 0 0.000 0.0264 0.031 0.008¢
73 N I 2 43 0.047 0.0321 0.031 0.083(
73 N I 3 48 0.063 0.0349 0.044 0.008¢
73 D u 1 583 24 0.041 0.0082 0.039 0.003¢
73 D U 2 887 35 0.039 0.0065 0.039 0.003¢
73 D 4] 3 573 25 0.044 0.0085 0.052 0.004:
73 D R 1 2080 123 0.059 0.0052 0.051 0.002!
73 D R 2 3210 172 0.054 0.0040 0.051 0.002!
73 D R 3 2631 161 0.061 0.0047 0.064 0.003¢(
73 D 1 1 33 0.091 0.0500 0.019 0.007°
73 D I 2 108 0.009 0.0092 0.019 0.007:
73 D I 3 115 0.070 0.0237 0.031 0.008(
74 N U 1 399 17 0.043 0.0101 0.035 0.004:
74 N u 2 630 35 0.056 0.0091 0.048 0.003¢
74 N U 3 295 11 0.037 0.0110 0.048 0.003¢
74 N R 1 1223 60 0.049 0,0062 0.061 0.003¢
74 N R 2 1718 144 0.084 0.0067 0.074 0.003:
74 N R 3 984 89 0.090 0.0091 0.074 0.003:
74 N I 1 36 0.139 0.0576 0.061 0.003¢
74 N I 2 88 0.068 0.0269 0.074 0.003:
74 N I 3 62 0.097 0.0375 0.074 0.003:
74 D U 1 550 18 0.033 0.0076 0.023 0.003¢
74 D U 2 922 34 0.037 0.0062 0.036 0.003¢
74 D U 3 656 17 0.026 0.0062 0.036 0.003¢
74 D R 1 1700 79 0.046 0.0051 0.049 0.0031
74 D R 2 2614 154 0.059 0.0046 0.061 0.002¢
74 D R 3 2222 145 - 0.065 0.0052 0.061 0.002¢
74 D I 1 43 1 0.023 0.0230 0.049 0.0031
74 D I 2 117 5 0.043 0.0187 0.061 0.002¢
74 D I 3 102 6 0.059 0.0233 0.061 0.002¢
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Table D.9 Continued.

D. Unbelted (ESPI > 55 mph)
Year Time Road Age g:?g::s ?XT}Z‘;: ® ?::K;d Es; .in:"ted Pre(dAiiged Pr:(-li.cted
Rate Rate *

73 N U 1 32 9 0.281 0.0795~ 0.258 0.0245
73 N U 2 47 12 0.255 0.0636 0.258 0.0245
73 N U 3 16 6 0.375 0.1210 0.258 0.0245
73 N R 1 596 98 0.164 0.0152 0.174 0.0093
73 N R 2 647 113 0.175 0.0149 0.174 0.0093
73 N R 3 160 30 0.188 0.0309 0.174 0.0093
73 N 1 1 48 4 0.083 0.0399 0.090 0.0192
73 N I 2 97 0.093 0.0295 0.090 0.0192
73 N 1 3 53 0.113 0.0435 0.090 0.0192
73 D U 1 0.333 0.1571 0.092 0.0256
73 D U 2 0.000 0.1045 0.092 0.0256
73 D U 3 0.111 0.1048 0.092 0.0256
73 D R 1 395 48 0.122 0.0164 0.152 0.0072
73 D R 2 485 80 0.165 0.0169 0.152 0.0072
73 D R 3 250 35 0.140 0.0219 0.152 0.0072
73 D I 1 50 8 0.160 0.0518 0.152 0.0072
73 D 1 2 102 11 0.108 0.0307 0.152 0.0072
73 D 1 3 74 7 0.095 0.0340 0.152 0.0072
74 N ] 1 38 2 0.053 0.0362 0.092 0.0256
74 N 2 41 9 0.220 0.0646 0.174 0.0281
74 N u 3 4 0.500 0.2500 0.255 0.0364
74 N R 1 448 80 0.179 0.0181 0.152 0.0072
74 N R 2 514 120 0.233 0.0187 0.234 0.0134
74 N R 3 116 34 0.293 0.0423 0.315 0.0268
74 N 1 1 11 0.182 0.1163 0.152 0.0072
74 N I 2 23 0.174 0.0790 0.234 0.0134
74 N 1 3 10 0.500 0.1581 0.315 0.0268
74 D U 1 13 0.077 0.0739 0.092 0.0256
74 D U 2 9 0.111 0.1048 0.092 0.0256
74 D u 3 6 0.333 0.1925 0.092 0.0256
74 D R 1 245 41 0.167 0.0238 0.152 0.0072
74 D R 2 259 53 0.205 0.0251 0.152 0.0072
74 D R 3 98 18 0.184 0.0391 0.152 0.0072
74 D 1 1 5 2 0.400 0.2191 0.152 0.0072
74 D I 2- 11 1 0.091 0.0867 0.152 0.0072
74 D 1 3 5 0 0.000 0.1226 0.152 0.0072
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Time Road Preliminary model for ESPI x Year modules within Belted
1 0 0 -
1 0 1 0 b1 Predicted value for (N, U)
1 0 1 1 -
X =1 1 0 0 b2 Increment for Day
x4 1 1 10 -
1 1 11 b3 Increment for Rural or Interstate
b4 = Additional Increment for Interstate
Road Age Preliminary model for Year x Time modules within
1 0 o 0 0 Unbelted x ESPI groups
1 00 1 0
b - =
1 0 0 1 1 1 Predicted value for (U, Age=l)
1 1 0 0 0 -
X = |1 1 0 1 0 b2 Increment for Rural or Interstate
1 1 0 1 1 - :
9x5 1 11 0 0 b3 Additional Increment for Interstate
1 11 1 0 - -
1 11 1 1 blo Increment for Age 2 or 3
b5 = Additional Increment for Age = 3
A. Belted
~ ~ Test Statistics
Parameters b and (s.e.(b)) Time Road . Model Fi
ESPI! Year Mean Time Road (d.f.=1) (d.£f.=2) (d.f.=3) (d.!
1 1973 0.0112 -0.0067 0.0042 0.0029 NG 3.37 2.83 6.51 0.
(0.0036) (0,0037) (0.0027 (0.0107) (p)? (0.07) (0.24) (0.09) (0.
1 1974 0.0082 -0.0062 0.0042 0.0046 x2 3.81 3.38  7.69 0
(0.0031) (0.0032) (0.0024) (0.0132) () (0.05) (0.18) (0.05) (¢
2 1973 0.0129 0.0045 0.0049 0.0236 x2 0.64 3.06 3.49 1
(0.0067) (0.0057) (0.0063) (0.0159) (r) (0-43) (0.22) (0.32) (4]
2 1974 0.0178 -0.0048 0.0112 -0.0109 x2 0.47 3.43 4.68 5
(0.0078) (0.0070) (0.0064) (0.0114) ®) (0.50) (0.18) (0.20) (0
3 1973 0.0797 -0.0261 ~0.0024 ~0,0113 x? 1.41 0.27 2.03 0
(0.0581) (0.0220) (0.0593) (0.0224) ® (0.24) (0.88) (0.57) (0
3 1974 0.0449 0.0109 0.0103 0.0468 x2 0.09 0.48 0.62 0
(0.0515) (0.0374) (0.0527) (0.0729) (r) (0.77) (0.78) (0.89) (o

lgspr =1 corresponds to ESPI < 30 mph
ESPI = 2 corresponds to 30 < ESPI < 55 mph
ESPI = 3 corresponds to ESPI > 55 mph

Zp = p-value corresponding to the calculated x2.
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The goodness-of-fit test statistics (0.04 < x% < 5.06, with df=")
for the models for belted drivers suggest that perhaps similar models
can be fit across some of these modules. Proceeding in that direction,
one finally obtains the additive model shown on page 181. This has an
excellent fit (x% = 18.40 with df=29) and shows that the most important
factor is ESPI (Xé = 48.35, df=2) followed by Road Type (x% = 8.74, df=2)
and Time (Xé = 5,71, df=1). The increment in the injury rate for
increasing levels of ESPI are both positive and significant in their
own right. The decreuse for Year is statistically non-significant while
the decrease from night to day is statistically significant. Finally,
the increment for Rural or Interstate (vs. Urban) is significant but
the additional increment for Interstate is not.

For unbelted drivers with ESPI = 1, the modeling process was very
similar to that previously described for the belted drivers resulting in
the model given on page 183, In this case, the most important factors
are Road Type (xé = 85.68, df=2), Driver Age (xé = 10.66, df=2), and
Time of Day (Xé = 6.25, df=1). The comments on Year, Time of Day, and
Road Type made with respect to belted drivers hold also for unbelted
drivers with ESPI = 1. The additional increment in the serious injury
rate for the oldest age group is more important than the reduction for

the two other age groups combined.

For the four modules within unbelted drivers with ESPI = 2, the
additive models differ widely in their goodness of fit (see page 132)
resulting in a more complex model (see page 184) in order to allow for
some forms of interaction of Road Type and Age with Year. Reductions
for Year and Time of Day are both significant. The significant incre-
ment for Rural or Interstate in 1973 is combined with a significant
reduction for Interstate in 1973. This situation is mainly due to the
behavior observed in the 1973 day module. In 1974, both modules --
night and day -- show similar patterns: significant increment for
Rural or Interstate and non-significant additional increment for
Interstate.

For unbelted drivers with ESPI = 3, the model building process was
even more involved, and, as shown on page 185, some parameters of the
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A, Belted '

ESPI Year Time Road o

0 0.0092 * o.ooézw
0.0119 + 0.0023
0.0352 * 0.0093

b= |-0.0020 ¢ 0.0013
-0.0050 * 0.0021
0.0048 # 0.0017
0.0018 + 0.0059
L

b1 = Predicted rate for (ESPI = 1, 1973,N,U)

X= b2 = Increment for ESPI = 2 or 3

36x7
b3 = Additional increment for ESPI = 3
b4 = Increment for 1974
b5 = Increment for Day

b6 = Increment for Rural or Interstate

b7 = Additional increment for Interstate

[Fﬂr-ru e el el e h-h'h‘hﬂhlh-h-h‘h-h-h4rﬂh-r-r-rurdrar:]
MR e R e H R e N m - B H 000000000000
HHEEEEEH SRR HEOOO0O00000000000C000000000
HHEHMNOOOHH HMOOOHKHHOOOHHKHOOOKKHHFOOOMKHKM OOO
HHrOHRFHFOHHOHFOMMOMMHONRHORMMORMORMORFO I M- O

lh'o OMOOHOOHOOHOOMOOHOOHOOHOOHOOHOOKFO oJ

HPHEFHEHHHEROOOOOOHRRMMHMEEFOOOOOOHHRKRMEHOOOOO

Source of Variation Hypothesis daf XZ
ESPI b, =b,=0 2 48.35%%
Year b, = 0 1 2.22
Time b5 =0 1. 5.71*
Road Type b6 = b7 =0 2 8.74%
Model 6 111, 31%%
Residual 29 18.40

*Means significant at a = 0.05

**Means significant at ¢ = 0.01
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Unbelted (ESPI=1)'

~ ~
b and (s.e.(b))

Parameters Test Statistics
Road Age Model Fit
Year Time Mean Road Age (d.£f.=2) (d.£f.=2) (d.f.=4) (d.f.=4)
1973 N 0.0114 0.0153 0.0153 -0.0036 0.0066 xZ? 20,91 3.66 25.67 0.36
(0.0030) (0.0034) (0.0258) (0.0036) (0.0035) ®)" (0.00) (0.16) (0.00) (0.99)
1973 D 0.0094 0.0079 -0.00.1 -0.0011 0.0046 X2 23.36 7.72 29.95 5.56
(0.0017) (0.0016) (0.0071) (0.0020) (0.0017) ) (0.00) (0.02) (0.00) (0.23)
1974 N 0.0112 0.0119 0.0354 0.0002 0.0001 x? 12.87 0.01 12.87 0.51
(0.0029) (0.0035) (0.0350) (0.0036) (0.0034) ®) (0.00) (1.00) (0.01) (0.97)
1974 D 0.0106 0.0100 0.0036 -0.0035 0.0020 x? 34,67 3.60 40,17 0.88
(0.0018) (0.0017) (0.0122) (0.0020) (0.0015) ) (0.,00) 0.17) (0.00) (0.93)
ESPI=2
Parameters b and_j;.e.(S)) Test Statistics
Road Age Model Fit
Year Time Mean Road Age (d.f.=2) (d.f.=2) (d.f.=4) (d.f.=4)
1973 N 0.0473 0.0035 -0.0228 0.0150 0.0079 ' 1.72 8.30 10.12 0.97
(0.0078) (0.0077) (0.0180) (0.0071) (0.0085) (¢)) (0.42) (0.02) (0.04) (0.91)
1973 D 0.0430 0.0161 -~0.0350 -0.0062 0.0092 x2 21.68 3.34 28.48 6.22
(0.0057) (0.0051) (0.0091) (0.0055) (0.0052) (p) (0.00) (0.19) (0.00) (0.18)
1974 N 0.0287 0.0265 0.0073 0.0272 -0.0024 x2 14.53 15.11 27.70 8.85
(0.0074) (0.0071) (0.0209) (0.0075) (0.0087) (p) (0.00) (0.00) (0.00) (0.06)
1974 D 0.0240 0.0258 -0.0155 - 0.0103 -0,0001 x? 29.49 4,28 32.51 5.40
(0.0053) (0.0048) (0.0126) (0.0055) (0.0054) (P) (0.00) (0.12) (0.00) (0.25)
ESPI=3
Parameters b and (s.e.(s)) Test Statisties
Road Age Model Fit
Year Time Mean Road Age (d.£f.=2) (d.f.=2) (d.f.=4) (d.f.=4)
1973 N 0.2727 -0.1081 -0.0805 -0.0086 0.0195 x? 18.78 0.97 19.00 0.59
(0.0475) (0.0471) (0.0234) (0.0192) (0.0280) (p) (0.00) (0.62) (0.00) (0.96)
1973 D 0,1236 0.0066 -0.0340 0.0279 -0.0220 x2 2.04 1.86 3.61 4.64
(0.0689) (0.0679)  (0.0238) (0.0216)  (0.0234) (p)  (0.36) (0.39) (0.46) (0.33)
1974 N 0.0815 0.0903 -0.0068 0.0647 0.0782 2 6.92 14,12 25.70 5.56
(0.0319) (0.0344) (0.0619) (0.0241) (0,0440) (p) (0.03) (0.00) (0.00) (0.23)
1974 D 0.0987 0.0700 -0.0742 0.0320 -0.0106 x? 2,38 0.95 3.26 3.56
(0.0589) (0.0600) (0.0700) (0.0329) (0.0435) (p) (0.30) (0.62) (0.52) (0.47)

lpspr = 1 corresponds to ESPI < 30 mph
ESPI = 2 corresponds to 31 < ESPI < 55 mph

ESPI = 3 corresponds to ESPI > 55 mph

2p = p-value corresponding to the calculated x2.
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B. Unbelted [ESPI = 1]

Year Time Road
0

>
]
[+

L0129 + 0.0014
.0009 * 0.0009
.0029 * 0.0012
b= .0099 * 0.0011
- .0023 + 0.0059
.0021 * 0.0012 |
L0033 ¢ o.oo;gj

HHEHHEHHRRREPRPRERRERERERHRRROO0O000000000000000 0
HFHEHEHM R, OOO0OOOCOORKMMREEMHEEHEHOODOOOOOOO
HFHEER A HEOOOFFHIMEHOOOKR M HO OO HKH MM MO O

HHHEMOOOOOOHHFFRODOOOOOHHHOOOOOOHHKHOOODOOOO
HHOMHOMHMHNOHHOMMHONMREOHMEOHRHOHHFOHHORMHOKHKO

—
R T el o e e e e e e s el T el e o e  al t T ol TN o X Ty Sy tr iy »-r-]
HOOHOOKFROOHOOHOOFOOHOOHOOrOOLOOHOOKR 04o|

X =
36;7 'bl = Predicted rate for (1973, N, U, Age = 1)

b2 = Increment for 1974
b3 = Increment for Day
bé = Increment for Rural or Interstate
b5 = Additional increment for Interstate
b6 = Increment for Age = 2 or 3.
b7 = Additional Increment for Age = 3

Source of Variation Hypothesis df x2

Year b2 : o 1 0.97

Time b3 : 0 1 6.25%

Road Type b, = bg = 0 2 85.68%x

Age bg = by = 0 2 10.66%

Model 6 104.87%%

Residual 29 19.95

*Means significant at o = 0.05

**Means significant at a = 0.01
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Unbelted [ESPI = 2]

X =
36x7

{H [ ol Tl R Tl T o N Y iy Sy S iy S S Sy PR Wy Wy P W S Ho—ruru;]

1973 1974
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Year Time Road Road. Age

iR e e N R R R R RS O0000000000C00000DO0OO0
e b e N RS QOO0 00CO0OO0OOOMHMHMHMEMMHENEMEMEOOODODOOOOO
M e OO0 EREEHMOOODOOODODOOOOQOOOOOOO

COO0OO0OO0OOOOOOOO0O0OCOCOOCOHKMHMPEPMMOOOMMMEMPMEMEMEMEMOOO
COO0O0O0OO0OQ0OQCLDOODOOLOOHHPFRFOODDODOOMHKEHOODOOO

‘H HOHMHOHHOHMOMMOMMHOMHMOOHOOROOHOOMHOO M ogg

0.0515 * 0.0042
-0.0161 * 0.0051
-0.0122 *+ 0.0028

b = | 0.0118 * 0.0043
-0.0325 + 0.0079

0.0254 * 0.0039

LS'0127 + 0.0029

Predicted rate for (1973, N, U, Age = 1)

Increment

Increment

Increment

for 1974

for Day

for Rural or Interstate in 1973

{

Additional increment for Interstate in 1973

Increment for Rural or Interstate
in 1974

Increment for Age =
Age = 2 or 3 in 1974

Source of Variation Hypothesis df X

Year b2 =0 1 10.18 %%
Time b3 = 0 1 19.30 **
1973 Road b, = by -0 2 21.83 #%
1974 Road b = O 1 42.03 %x
Age b, =0 1 19.87 **
Model 6 102.69 **
Residual 29 38.38

* Means significant at 0=0,05,

** Means significant at 0=0,01.

3 in 1973 or for
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D. Unbelted [ESPI = 3]

1973 1973 1973
Day or Night Day or Age
1974 Road 1974

Road

o b s b b e e e e b b et e et b e e et b et et el e (et e e e e b
o b e e e b e e e e b b e e R e N H RN HE H OO0 00000 O
OCO00O0O0O00O00O0000OODOOOOOOOOOOONNNHKKFROOO
M H QOO HMEHMOOORMMHERPOOOO0OO000OO0O
OO0 OOOONHONHONHODOOOOOOOOOOOOOOOO O

x= 0.2576 + 0.0245
36x5 -0.1651 + 0.0354
b = -0.0838 + 0.0199
- 0.0600 + 0.0263
0.0811 + 0.0143
Source of Variation Hypothesis daf xz
1973 Day or 1974 Increment b2 =0 1 21,73 %%
Road b3 = bl. =0 2 22.85 %%
Age bg =0 1 32,17 &
Model 4 55,22 %
Residual 31 29.84

**% Means significant at 0=0.01.



-186-

final model do not lead themselves to simple interpretation and/or
comparisons.

The "regression" models obtained up to this point will be used in
the final section to provide the "injury rate structure" involved in
the construction of the indices presented therein.

Linear categorical models for fatality (K) rates.

Proceeding as before with (A+K) rates, various models are fit to
the fatality rates for belted drivers and for unbelted drivers (at
each level of ESPI). The main difference between these two problems
is (as shown in Table D.10) the necessity of a rather stringent collaps-
ing to provide appropriate cell sizes. The analysis of some preliminary
models (shown in Table D.11) produced the collapsing displayed in
Table D.10.

The final models for belted drivers and for unbelted (ESPI = 1)
drivers (see page 193) were additive on ESPI and on Year, Road Type
and Age, respectively. The final models for unbelted drivers with
ESPI = 2 and ESPI = 3 (see pages 194 and 195) were both additive on
Year, Time of Day and Road Type with Driver Age nested within Rural
non-Interstate. All of the predicted values given by these models are
listed in Table D.10.



Belted Fatalities
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Table D.10 Observed and predicted driver fatality rates

and their corresponding standard errors.

Number Drivers  Number Observed Estimated Predicted Predic

BESPI Year Time Road Involved (K) K-rate s.e, K-rate s.e
1 73 N i) 628 0
1 73 N R 393 0
1 73 N I 20 0
1 73 D u 2245 0
1 73 D R 1380 0
1 73 D I 91 Q

.000 .0001 .000 .00
1 74 N 1) 710 0
1 74 N R 265 0
1 74 N 1 10 1
1 74 D U 2437 0
1 74 D R 1085 0
1 74 D 1 53 0
2 73 N U 200 0
2 73 N R 609 1
2 73 N I 63 0
2 73 D u 346 0
2 73 D R 1288 0
2 73 D I 108 0

.001 .0004 .001 L0
2 74 N U 199 0
2 74 N R 524 0
2 74 N 1 48 [}
2 74 D u 404 0
2 74 D R 1022 2
2 74 D 1 90 a
3 73 N U 9 [
3 73 N R 174 2
3 73 N 1 63 1
3 73 D U 10 0
3 73 D R 150 0
3 73 D I 85 0

.007 .0033 .007 .0
3 74 N U 10 0
3 7% N R 96 1
3 74 N I 12 0
3 74 D U 9 0
3 74 D R 54 1
3 74 D 1 7 0
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Table D.10 Continued.

Unbelted Fatalities (ESPI < 30 mph)

Number Drivers Number Observed Estimated Predicted Predicted
Year Road Age Time Involved (X) K~rate s.e. K-rate s.e.
73 u 1 N 1019 0 N
73 U 1 D 2549 0
73 U 2 N 1506 0
73 U 2 D 4958 0
73 U 3 N 1183 1
73 1] 3 D 5323 1
p .000 .0001 .000 .0001
73 1 1 N 10 0
73 I 1 D 34 0
73 1 2 N 29 0
73 I 2 D 89 0
73 I 3 N 20 0
73 1 3 D 96 o 4
73 R 1 N 748 o )
73 R 1 D 2040 4
73 R 2 N 1075 1 .001 .0004 .001 .0003
73 R 2 D 3432 2
73 R 3 N 969 3
73 R 3 D 3825 18 .004 .0010 .004 .0007
74 U 1 N 1073 1 N
74 U 1 D 2595 2
74 U 2 N 1719 1
74 u 2 D 5343 0
74 u 3 N 1336 0
74 U 3 D 5885 0
.000 .0001 .000 .0001
74 1 1 N 8 0 r
74 1 1 D 22 0
74 I 2 N 23 2
74 I 2 D 68 0
74 1 3 N 13 [
74 1 3 D 58 1~
74 R 1 N 691 2 )
74 R 1 D 1778 5 .001 .0005 .001 .0003
74 R 2 N 898 1
74 R 2 D 2804 0
74 R 3 N 732 4
74 R 3 D 3195 9 } .003 .0010 .004 .0007
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Table D.10 Continued.

Unbelted Fatalities (30 < ESPI < 55 mph)

Number

Year Ti{me Road Age Drivers Nuln(ﬂ:er Olés::\tr:d Es:i:mted Pr:dicted Predicted
Involved -2, ate 8.e.

73 N U 1 403 1

73 N ] 2 536 2

73 N u 3 251 0 .003 .0015 .004 .0009

73 N 1 1 26 0

73 N 1 2 43 0

73 N 1 3 48 1

73 N R 1 1385 8 .006 .0020 .004 .0009

73 N R 2 1868 10 .005 .0017 .006 .0010

73 N R 3 1105 12 011 .0031L .010 .0013

73 D u 1 583 o

73 D U 2 887 2

73 D U 3 573 5 .003 .0012 .003 .0008

73 D 1 1 33 1

73 D 1 2 108 0 '

73 D 1 3 115 0 ’

13 D R 1 2080 8 .004 .0014 .003 .0009

73 D R 2 3210 13 .004 .0011 .005 .0008

73 D R 3 2631 20 .008 .0017 .009 .0012

74 N U 1 399 1

74 N u 2 630 1

74 N u 3 295 0 .004 .0016 ,003 . .0009

74 N 1 1 36 0

74 N 1 2 88 1

74 N I 3 62 3

74 N R 1 1223 2 .002 .0012 .003 .0008

74 N R 2 1718 16 .009 .0023 .005 .0010

74 N R 3 984 8 .008 .0029 .009 .0013

7% N U 1 550 0

74 N i 2 921 1

74 N u 3 655 1 .0009 .002 .0007

74 N 1 1 43 0 '

74 N 1 2 117 1

74 N 1 3 102 2

74 N R 1 1700 4 .0012 .002 .0008

74 N R 2 2614 9 .003 .0011 .004 .0008

74 N R 3 2222 22 .010 .0021 .008 .0012
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Table D.10 Continued.

Lted Fatalities (ESPI >55 mph)

Time Road Age g‘:}:::s Nuln(zber Ozsg::d Es:i:ated P;eg:::ed Pr:d:cted
Iavolved T s

N U 1 32 1

N U 2 47 2

N U 3 16 4 .038 .0111 .033 .0067
N 1 1 48 2

N I 2 97 - 0

N 1 3 53 2

N R 1 596 18 .030 .0070 .026 .0050
N R 2 647 25 .039 .0076 .041 .0053
N R 3 160 9 .056 .0182 .059 .0096
D U 1 9 0

D U 2 6 0

D U 3 1 .016 .0079 .021 .0063
D I 1 50 1

D I 2 102 1

D I 3 74 1

D R 1 395 7 .018 .0066 .015 .0048
D R 2 485 13 .027 .0073 .029 .0052
D R 3 250 11 .044 .0130 ~047 .0092
N U 1 38 0

N U 2 41 2

N u 3 4 0 .039 .0173 .035 .0077
N I 1 11 0

N 1 2 23 2

N 1 3 10 1

N R 1 448 10 .022 .0070 .029 .0049
N R 2 514 23 .045 .0091 .043 .0057
N R 3 116 9 .078 .0248 .061 .0100
N u 1 13 0

N U 2 9 0

N u 3 6 1 .061 .0342 .024 .0078
N I 1 1

N I 2 11 1

N I 3 5 0 /

N R 1 245 4 .016 .0081 .017 .0054
N R 2 259 10 .039 .0120 .031 .0062
N R 3 98 5 .051 .0222 .050 .0099
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Analysis of Fatal Injury Data

ESPI Year
1 0 0 O Preliminary model for belted drivers (after collapsing
1 0 o0 1 across Time and Road type)
1 1 0o O
X = 1 1 0 1 b. = Predicted value for ESPI = 1, 1973
6x4 1 0 1 0 1
1 0 1 1 b2 = Increment for ESPI = 2
b3 = Increment for ESPI = 3
bb = Increment for 1974
Year Time Road Age __
1 0 0 0 0 0 O Preliminary model for unbelted drivers (after collapsing
1 0 0 1 0 0 O across Age within U and I)
1 0 0 1 01 0
1 0 0 1 011 b1 = Predicted value for 1973, N, U, Age = 1
1 0 0 01 00
1 0 1 0 0 0 O b2 = Increment for 1974
1 0 1 1 0 0 O
X = 1 0 1 1 01 0 b3 = Increment for Day
2037 1 0 1 1 0 31 1
1 0 1 01 0 0 b4 = Increment for Rural Non-Interstate
1 1 0 0 0.0 O
1 1 0 1 0 0 O b5 = Increment for Interstate
1 1 o] 1 010
1 1 0 1 01 1 b6 = Increment for Age = 2
1 1 0 0 1 00
1 1 1 0 0 0 O b, = Additional Increment for Age = 3
1 1 1 1000 7
1 1 1 1 010
1 1 1 1 01 1
1 1 1 01 00




Table D,11 Estimated parameters,
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standard errors and tests of significance

for preliminary model analysis of fatal injury data,

Belted Drivers

.0001
. 0004
.0064
.0002

Unbelted Drivers —
ESPI = 1 .0003

Jnbelted Drivers
iSPI = 2

nbelted Drivers

ISPI = 3 .0395

.0013
-.0098
b= |-.0134
~ -.0156
.0142
L.'°180

ans significant at @ = 0.05
ans significant at a = 0.01

+

1+i+1

*

I+H{+HI+H+H I+ 1+1+

I+

.0001
.0003
.0032.
.0002

-
.0002
.0001
.0002
.0006
.0028
0006

-0007
_

.0008
.0007
. 0007
.0008
.0030
.0010
.0013

-
.0131

.0053
.0048
.0132
L0144
.0056
.0099

Source Hypothesis df x2
Speed b2 = b3 =0 2 5.72
Year b4 =0 1 0.42
Model 6.09
Residual 0,52
Source Hypothesis df x2
Year b2 =0 1 0.19
Time b3 =0 1 1.37
Road bA = b5 =0 2 8.55%
Age: Rural b6 = b7 =0 2 26.,07%%
Model 6 40,94%%
Residual 13 8.84
Source Hypothesis df x2
Year b2 =0 1 2,52
Time b3 =0 1 1.22
Road b4 = b5 =0 2 4.39
Age: Rural b6 = b7 = 0 2 19.42%%
Model 6 45,37%%
Residual 13 13.24
Source Hypothesis df x2
Year b2 =0 1 0.06
Time b3 =0 1 4,20%
Road b& = b5 =0 2 1.20
Age: Rural b6 = b7 =0 2 14,28%%
Model 6 22.05%*
Residual 13 8.14
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Final Models for Fatal Injury Data

A. Beélted
ESPI

1 0 0 0.0001 + 0.0001

x = |1 1 o b = [ 0.0005 + 0.0004

3%3 1 1 1 ~ 0.0068 * 0.0033

b, = Predicted rate for ESPL = 1

1
b2 = Increment for ESPI = 2

b, = Additional increment for ESPI = 3

3
B. Unbelted (ESPI = 1)
Year Road Age
1 0 0 O
1 0 1 o0 0.0001 + 0.0001
1 0 1 1 b = 0.0003 + 0.0002
X = 1 1 o0 o ~ 0.0009 + 0.0003
6x4 1 1 1 © 0.0027 + 0.0007
1 1 1 1
b1 = Predicted rate for 1973, U.or I, any age
b2 = Increment for 1974
b3 = Increment for Rural Non-Interstate
b4 = Additional increment for Age 3 in Rural Non-Interstate
Source of Variation Hypothesis df x2
Year b2 =0 1 2.46
Road Type b3 =0 1 8,73%%
Age: Rural ba =0 1 14,13%%
Model , 3 40.98%%
Residual 2 1.10

** Means significant at a = 0.01
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Unbelted (ESPI = 2)
Year Time Road Age
1 0 0o o0 00
1 0 0 1 00 0.0040 + 0.0009
1 o0 0 1 10 ~-0.0008 + 0.0007
1 0 0 1 01 b = ~-0.0010 + 0.0008
1 0 1 0 00 -~ -0.0001 + 0.0009
1 0 1 1 00 0.0017 + 0.0010
1 0 1 1 10 0.0059 + 0.0013
1 0 1 1 01
1 1 0 0 00
1 1 0 1 o000
1 1 0 1 10 b1 + Predicted rate for 1973, N, U or 1, any age
1 1 0 1 01
1 1 1 0 00 b2 = Increment for 1974
1 1 1 1 00
1 1 1 1 10 b3 = Increment for Day
1 1 1 1 0 {_
— b4 = Increment for Rural Non-Interstate, Age 1
bs = Additional Increment for Age 2 in Rural Non-Interstate
b6 = Additional Increment for Age 3 in Rural Non~Interstate
Source of Variation . Hypothesis df x2
Year b2 =0 1 1.13
Time b3 =0 1 1.56
Road Type b4 =0 1 0.01
Age: Rural bg =bg =0 2 20.06%*
Model 5 27.64%%
Residual 10 9.43

** means significant at a = 0.01




16x6

Unbelted (ESPI = 3)

P et et b et et et s et b et b ;J

Year Time Road Age

0 0 ©0 00
0 0 1 00
0 0 1 10
0 0 1 o1
0 1 0 00
0 1 1 o0
0 1 1 10
0 1 1 01
1 0 0 00
1 0 1 o0
1 0 1 10
1 0 1 o1
1 1 0 00
1 1 1 00
1 1 1 10
1 1 1 o1}
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0.0329 + 0.0067
0.0024 ¥ 0.0052
p = | =0-0017 ¥ 0.0049
2 -0.0065 + 0.0071
0.0142  0.0056
0.0327 ¥ 0.0097

= Increment for 1974

= Increment for Day

Pfedicted rate for 1973, N, U or I, any age

= Increment for Rural Non-Interstate, Age 1

= Additional Increment for Age 2 in Rural Non-Interstate

Additional Increment for Age 3 in Rural Non-Interstate

Source of Variation Hypothesis df X
Year b2 - 0 1 0.22
Time b, - 0 1 5.77%
Road Type ba : 0 1 0.84
Age: Rural bs - b; - 0 2 14 .59%%
Model 5 20.20%*
Residual 10 4.31

* means significant at a = 0.05

*%* means significant at o = 0,01
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Predicted Serious Driver Injury Rates
Under a Variety of Assumptions

This section is concerned with the construction of indices derived
from the results given in the previous two sections which reflect the
extent to which various aspects of the 1974 accident type distribution
and the corresponding serious injury rate structuke would have hypotheti-
cally implied a smaller total number of serious injuries in 1973 than
actually occurred if they had indeed been the underlying parameters for
the 1973 data. In this sense, they may be regarded as operational
measures of the impact of the change between 1973 and 1974 in the risks
of various types of motor vehic'e accidents and correspondingly serious
injury.

Let

151

IS = the observed frequency of the j-th (D.1)

2'3%4'5 injury category during the h-th year
for accident types with the i]-th

driver belt usage status, the iz-th
ESPI status, the 13
the i4-th road type, and the is-th

1

-th time of day,

driver age
where

1973
1974

N —4

Belted
Unbelted

N =t

ESPI < 30 mph
30 < ESPI < 55
ESPI > 55

W —

Night
Day

N —

Urban
Rural
Interstate

wn =

20 years
1-35
36

wn —

v DA

j =1 Serious (A+K) injury
2 Not serious injury
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Then

g % g g §

N . = N,oe s s ox s s

hi R PR - T =2 T 1) B PR S I
1 12—1 is 1 i, 1 ic 1 j=1 12345

= the total number of accidents during the h-th year for
drivers with the 11-th belt usage status.

AR
N oo = Noe s s o s s
hisi R - L hi;1,1,1,1.]
12 i3 1 s 1 i 1 j=1 12345
= the total number of accidents during the h-th year for
drivers with the 11-th belt usage status and the iz-th
ESPI.
2
N =

e e e e . X N e e e .
hiyiaigiglg 527 higlyigi,igd

= the total number of accidents during the h-th year with
the i]-th driver belt usage status, the 12-th ESPI

status, the 13-th time of day, the 14-th road type and
the 15-th driver age.

Ny

- 1

m. . . 3 = ————— I Nae 2 s s
1]12131415 N21.1 21112131415

= the number of accidents which would have been expected
in 1973 with the i]—th driver belt usage status, the

12-th ESPI status, the 13-th time of day, the 14-th
road type, and the 15—th driver age if the 1973 acci-
dents with the i]-th driver belt usage status had the

same distribution with respect to (12, 13, 14, 15) as
the 1974 accidents.

N N i

11 179

1 21
f. . oL oL .
1]12131415 NZi] N]

Ny o . . .
. . Ti,1,1,1,1
1]12 12345

= the number of accidents which would have been expected
in 1973 with the 11-th driver belt usage status, the

iz-th ESPI status, the 13-th time of day, the 14-th

(D.2)

(D.3)

(D.4)

(D.5)

(D.6)
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road type, and the i5-th driver age if the 1973 acci-
dents with the i]-th driver belt usage status had the
same distribution with respect to 12 (ESPI) as the 1974
accidents but otherwise had the same conditional distri-
bution of (13, 14, 15) given 12 as 1973; i.e., the 1973

accident type distribution is left intact except for
the re-allocation of the marginal ESPI distribution in
accordance with 1974.

t
hijiyigi,ic Kok Thigsigi ik (D.7)

= predicted values from the regression models in the previous
section for the probability of serious injury for accidents
corresponding to the h-th year, 1]-th driver belt usage

z—th ESPI status, 13-th time of day, 14-th road
type and 15-th driver age.

status, i

Thus
t( 3 2 3 3
Mhilg ) k=1 1221 1321 1421 1FZ1 Ugi]1213i415Xh1112131415k by, (D.8)
9
t
Ly Chak®

= the predicted value for the number of accidents involving
serious injury for 1973 based on the predicted injury
rate structure for the h-th year from (D.7) and the g-th
projected 1973 accident type distributions

where

Uriiiig. = N

112137475 T 05057,05 7
Uns 5 5 5 s = M. s 5 s = s
21112131415 1]12131415
Uss i = Fiiiii

12345 12345
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Since the quantities Mhi g are linear functions of the estimated

parameter vectors b, they may be computed together with corresponding
standard errors by using appropriate matrix operators. Thus, indices of

the type

My, o - M. )
11]1 h1]g

hi]g M

1111
can be constructed to reflect the extent to which various aspects of the
1974 accident type distribution and/or its corresponding serious injury

rate structure would have hypothetically implied a smaller total number
of serious injuries in 1973.

To illustrate the computations using the data in Table D.12, consider

M for h=2, i,=1, and j=2; i.e., the predicted number of serious

h1]g

Table D.12 Distribution of drivers by ESPI,
Belt Usage, and Accident Year.

Number of Drivers Involved

Belted Unbelted
ESPI 1973 1974 1973 1974
1 4757 4560 28906 28241
2 2614 2287 15885 14361
3 491 188 3075 1856
Total 7862 7035 47866 44458

driver injuries for 1973 belted drivers, based on the predicted injury
structure for 1974 and the projected 1973 accident distribution obtained
Noqs =
211,141
from m gg o= Ny —E22
234 N21

the linear categorical model for belted drivers).

since ;=0 (i.e., no age component in
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In Table D.13, the left hand side shows the computation of my

i,1,1
for all combinations of 12(ESPI), 13(Time of Day) and 14(Road Type). 3
Note that N,,: . . is the corresponding entry in column 5 of Table D.9.
21121314
The my. . . represent the reallocation of the N,, (1973) drivers
1121314 11

according to the 1974 belted driver accident distribution.

The right hand side of Table D.13 reproduces the 1974 sections of the
design matrix (5) of the final model for belted drivers (see page 181).

The components of M212 are derived from Table D.13 and b obtained
from the final model for belted drivers as follows:

7
- o~ - -
M212 = c'b = Z ckbk = 86.04
k=1
where
[ - m!
¢ = (Ck) m' X
with m = (my. 5 5 )
~ 1121314

The g' for belted and also unbelted drivers within ESPI are given in
Table D.14. Finally, the predicted Mhi g and their standard errors along

with the estimated injury reduction indices (Rhi g) and their standard
errors are given in Table D.15. 1

Thus, it can be seen that the index R212 = 0.283 corresponds to a
28.3% hypothetical reduction in serious injury among belted drivers for
1973 which could have been potentially realized if the 1973 accident type
distribution of belted driver accidents with respect to ESPI, Time, and
Road Type and the 1973 injury rates for ESPI x Time x Road Type combina-
tions had been effectively the same as their observed counterparts in
1974, Similarly, R222 = 0.094 corresponds to an analogously defined
9.4% hypothetical reduction for unbelted drivers. The other Rhi]g
reflect hypothetical reductions which pertain to the implied and/or
results associated either with modifying the injury rate structure and/or



Table D.13 Basic computations for obtaining M212'
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Mii3i, : .
ESPI Year Time Road Type

M ° (710/7035)7862 = 793.464 0 0 1 0 0 0
M2 = (265/7035)7862 = 296.152 0 0 1 0 1 0
M3 = (10/7035)7862 = 11.176 0 0 1 0 1
M2 ~ (2437/7035)7862 = 2723.482 0 1 1 0
My22 = (1085/7035)7862 = 1212.547 0 1 1 1
My23 = (53/7035)7862 = 59,230 0 0 1 1 1
Moy = (199/7035)7862 = 222.393 1 0 1 0 0
Moyo = (524/7035)7862 = 585.599 1 0 1 0 1
Mot3 = (48/7035)7862 =  53.643 1 0 1 0 1
Moy = (404/7035)7862 = 541.492 1 0 1 1 0
M99y = (1022/7035)7862 = 1142.141 1 0 1 1 1
M0z = (90/7035)7862 = 100.580 1 0 1 1 1
M31y = (10/7035)7862 = 11.176 1 1 1 0 0
M31p = (96/7035)7862 = 107.285 1 1 1 0 1
M3y3 = (12/7035)7862 = 13.411 1 1 1 0 1
M301 = (9/7035)7862 =  10.058 1 1 1 1 0
M 399 = (54/7035)7862 =  60.348 1 1 1 1 1
My303 = (7/7035)7862 = 7.823 1 1 1 1 1

C, = 7862 2766 210 7862 5767 3650 2

bk = .0092 .0119 .0352 -.0020 -.0060 .0048 .0
ckbk = 77.330 32.915 7.392 -15.724 -28.835 17.520 0.
7
Moo = kzl b, = 86.04



Table D,14 Values of ¢
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for various combinations of
1973 projected accident distributions (g)

and injury rates (h) by Belt Usage and ESPI.

g h c o C C c c6 <y
1 1 | 7862.00 3105.00  491.00 0.00 5703.00  4424.00  430.00
1 2 | 7862.00 3105.00  491.00  7862.00 5703.00  4424.00  430.00
2 1 | 7861.67  2765.81  210.09 0.00 5767.42  3649.76  245.85
elted | 5 5 | 7861.61  2765.81  210.09  7861.61 5767.42  3649.76  245.85
3 1 | 7862.24  2766.07  210.10 0.00 5780.11  4242.39  349.45
3 2 | 7862.24  2766.07  210.10  7862.24 5789.11  4242.39  349.45
11 | 28906.00 0.00 22347.00 12367.00  278.00 22506.00 11417.00
1 2 | 28906.00 28906.00 22347.00 12367.00  278.00 22506.00 11417.00
belted | 2 1 | 30404.26 0.00 23413.90 11078.21  206.71 23764.87 12078.38
ESPI=1 | 2 2 | 30404.26 30404.26 23413.90 11078.21  206.71 23764.87 12078.38
3 1 | 30406.22 0.00 23506.81 13008.85  292.43 23674.06  12009.54
3 2 | 30406.22 30404.26 23506.81 13008.85  292.43 23674.06 12009.54
1 1 | 15885.00 0.00 10220.00 12652.00  373.00 0.00  4723.00
1 2 |15885.00 15885.00 10220.00 0.00 0.00 12652.00 11375.00
2 1 | 15461.05 0.00  9609.73 11744.63  482.32 0.00  4651.99
ESPI=21 2 2 | 15461.05 15461.05  9609.77 0.00 0.00 11744.63 11207.41
31 | 15462.46 0.00  9948.14 12315.46  363.08 0.00  4597.37
3 2 | 15462.46 15462.46  9948.14 0.00 0.00 12315.46 11072.43
1 1 | 3075.00  1379.00  1799.00  1355.00 0.00 NA NA
1 2 | 3075.00  3075.00 0.00  2956.00 1249.00 NA NA
2 1 | 1998.17  700.87  1255.32  670.72 0.00 NA NA
ESPI=3 | » 5 | 1998.17  1998.17 0.00  1878.67  902.19 NA NA
3 1 | 1998.14  896.07 1168.99  880.48 0.00 NA NA
3 2 | 1998.14  1998.14 0.00  1920.81  811.60 NA NA

where NA = not applicable
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the ESPI distribution structure and/or the complete accident type

distribution,

Table D.15 Predicted Mhilg

reduction indices (R
combinations of 1974
(J) and injury rates

Predicted Values M

and their s.e.'s along with the injury
g) and their s.e.'s for various
ojected accident distributions

{05y be

by belt usage categories.

Injury Reduction Indices

hi,g : 1
and their s.e.'s 1 (Rhi]g) and their s.e.'s
Belted Unbelted Belted Unbelted
1 ] 120.5 + 9.8 1804.3 + 39. NA NA

12 104.7 + 9.4 1858.4 + 42,
2 1 102.2 + 8.9 1616.9 + 37.
2 2 86.4 + 8.2 1635.1 + 38.
31 105.1 + 9.0  1628.9 + 36.
3 2 89.3 + 8.4 1657.6 + 39.

0.131 + 0.082  -0.030 + 0.031
0.152 + 0.021  0.104 + 0.004
0.283 + 0.075  0.094 + 0.028
0.128 + 0.019  0.097 + 0.003
0.258 + 0.077  0.081 + 0.028

Actual observed
total number of 123 1811
serious injuries

NA = not applicable






