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Safety Impact of the 65-mph Speed Limit:

A Time Series Analysis

RonaLD C. PrereR, WILLIAM W. STENZEL, AND Byoung Doo LEE

An examination of the impact of the increase in the speed limit
in 1987 to 65 mph on rural Interstate highways in Illinois was
conducted. Autoregressive integrated moving average (ARIMA)
time series intervention analyses using monthly speed data col-
lected by the Illinois Department of Transportation for 15 rural
Interstate highway segments were used to examine changes in
(2) 85th-percentile speeds and speed variances for cars and large
trucks (i.e., vehicles greater than 24 ft in length) and (b) car-
truck speed differentials. ARIMA analyses were also used to
examine the changes in accident frequency, accident rates, and
proportion of car-truck accidents to all accidents. Consideration
was given both to all accidents and to fatal and injury accidents
only. Using May 1987 as the point of intervention (i.e., the in-
crease in the speed limit), the ARIMA analyses are based on
time series consisting of 52 preintervention months and 15 post-
intervention months. Results were obtained for four individual
highway segments and for all 15 segments collectively. An in-
crease of 4.0 mph in the 85th-percentile speed for cars was de-
tected at the 95 percent confidence level. No change was found
in the 85th-percentile speed for trucks or in the speed variance
for either cars and trucks. An increase of 2.8 mph in the car-
truck speed differential was found at the 80 percent confidence
level. Although the frequency of all accidents increased by 14
percent following the speed limit change, no statistically signifi-
cant change in the frequency of fatal and injury accidents only
was found. No change was detected in the rate for all accidents,
but an increase of 18.5 percent was detected in the rate for fatal
and injury accidents only. Significant reductions were found for
both the rate of car-truck fatal and injury accidents and the pro-
portion of car-truck fatal and injury accidents to all fatal and
injury accidents.

On April 2, 1987, 13 years after passage of the National Max-
imum Speed Limit (NMSL), the law was changed to allow
speeds up to 65 mph on rural Interstate facilities. The original
objective of NMSL was to conserve fuel in response to the
Arab oil embargo. With the establishment of the NMSL, the
national annual highway fatality frequency fell by more than
9,100 persons. Many gave NMSL credit for this reduction,
and safety emerged as the primary argument for its contin-
uation once the oil embargo was no longer in effect.

The enactment of the NMSL, its implementation and mon-
itoring, and its recent modification have occurred within an
atmosphere of continuing controversy. Opponents of the law
see the action as arbitrary and an imposition on a free society.
Economic inefficiency and lost personal time as a result of
slower travel are also cited as drawbacks to the law. The safety
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benefits are discounted as having been brought about by other
factors, such as a decline in travel and improvements to ve-
hicles and the roadway system.

However, the preponderance of opinion among policy mak-
ers is that the NMSL does save a significant number of lives
each year. It is estimated that between 2,000 and 4,000 lives
were saved in 1983 (7). The same source also estimated that
between 2,500 and 4,500 fewer severe injuries occurred in
1983 as a result of the law. Another study (2) examined the
potential safety impact of the 65-mph speed limit on rural
Interstates using two methods for estimating the annual num-
ber of fatalities. One method is promoted by the National
Safety Council (NSC), whereas the other was developed by
the TRB Committee for the Study of Benefits and Costs of
the 55-mph NMSL. Both methods predicted an increase in
highway fatalities: 200 to 700 deaths per year using the NSC
method, and 300 to 450 deaths per year using the TRB method.

The institution of the 65-mph speed limit on the rural In-
terstate system occurred as support for NMSL was eroding,
as evidenced by a trend toward higher speeds in several states.
In Illinois, for example, the 85th-percentile speed on freeways
in 1987, just before the law change, was 65 mph [Illinois
Department of Transportation (IDOT), unpublished]. Al-
though the recommendation of the TRB committee was for
general retention of the NMSL, the use of a higher speed
limit on rural Interstutes was left as an open issuc.

Shortly after passage of the revised law, Congress directed
IDOT to initiate a series of studies to investigate the impact
of higher speed limits on rural Interstate highways. The ac-
tivities and findings of a study (3) conducted to examine the
impact of the 65-mph speed limit on rural Interstates in Illinois
are described.

METHODOLOGY
Research Questions
The following research questions were considered:

1. Was there a significant change in speed?

2. Was there a concurrent change in crash experience?

3. Was there a relationship between the change in speed
and the change in crash experience?

4. Were observed changes in speeds and accidents different
for trucks and other vehicles?

5. Was there an increase in speed differentials between
trucks and other vehicles?

6. Was there a concurrent change in accidents involving
passenger cars and trucks?
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7. Was there a relationship between the change in speed
differential and the change in car-truck crash experience?

General Approach

The change to 65 mph in Illinois occurred in May 1987 on
approximately 1,200 ri of rural Interstate highway. The speed
limit for heavy trucks remained at 55 mph on all Interstate
facilities. Traffic volume, speed, and crash data from rural
interstate highways were provided by IDOT. The data were
analyzed using site-specific and aggregate measures of speed
and crash experience. Speed data were provided by IDOT,
generated from 15 speed-monitoring sites on rural Interstate
highways. Use of state reporting systems for speed and ac-
cidents allowed an examination of the impact of speed changes
on accident severity. More than 90 percent of the accident
reports on Interstate highways are submitted by the Illinois
State Police, and the overall quality of the reports is consid-
ered to be excellent and consistent.

Analytical Method

Changes in speed and accident experience were examined
using time series intervention impact analysis on the basis of
autoregressive integrated moving average (ARIMA) models
(4,5). ARIMA modeling enables the analyst to mathemati-
cally represent complex time series patterns; intervention im-
pact analysis is a specific application of ARIMA modeling
that enables testing for the impact of an intervention after
statistically controlling for historic patterns and other known
interventions.

The time series quasi-experiment was first proposed by
Campbell (6) as a way to examine the impact of interventions
on social processes. Two requirements for the use of time
series quasi-experiments are as follows:

1. The social process under investigation must be opera-
tionalized as a time series; and

2. There must be a discrete intervention that divides the
time series into two distinct segments, one consisting of all
preintervention observations and another consisting of all post-
intervention observations.

The proposed study of the Illinois speed limit change sat-
isfies both requirements. The social process under investi-
gation (i.e., driving behavior) was operationalized with monthly
speed estimates and monthly crash data, and the intervention
event (i.e., the speed limit change) was a discrete event that
divided each time series into two parts.

Analysis of a time series quasi-experiment focuses on two
issues:

1. Did the intervention have an impact on the time series?
2. If an impact occurred, what was the magnitude and form
of the impact?
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Both issues are examined statistically by comparing the pre-
and postintervention segments of the time series.

Data Collection
Speed Data

The IDOT Traffic Operations Division collects speed data at
70 automated data collection sites throughout the state. Of
these, 15 are on rural Interstate roads. The speed data are
acquired from induction loop detectors buried in the pave-
ment.

The basic data are received as frequency counts within twelve
5-mph speed categories and for two vehicle length classifi-
cations. The classification by vehicle length is possible because
a pair of induction loops is placed at each site. Vehicles less
than or equal to 24 ft in length are tabulated separately from
those with lengths greater than 24 ft. This procedure provides
an approximate separation of semitrailer trucks from other
vehicles. The length defining the two categories was changed
from 21 ft at the beginning of 1983. It was assumed that the
speeds of vehicles longer than 24 ft were representative of
semitrailer truck speeds and that those for shorter vehicles
were representative of passenger vehicles (cars).

Speed-monitoring station data are stored on tape in 80-
column records for each vehicle type for each hour of each
day. A typical tabulation of the data is presented in Table 1.
The IDOT Traffic Operations Division provided a monthly
aggregation of speed frequencies by speed bin for the period
January 1983—July 1988.

A summary of the data collection activities for each can-
didate site is presented in Table 2. This table includes infor-
mation about the percent of days and number of months by
year for which speed data were recorded. The summary tab-
ulations provided by IDOT for the 15 rural Interstate mon-
itoring stations indicated that there were some months at
every site for which no speed data were recorded because of
mechanical failure of the speed-monitoring devices.

The raw speed data were used to compute two aggregate
measures: (a) 85th-percentile speed to represent the higher
end of the speed distribution, and (b) speed variance as a
surrogate measure of speed differentials.

Direct measurement of speed differentials between cars and
trucks was not possible due to the lack of data for individual
pairs of vehicles in a given lane. The mean speed differential
of cars and trucks at each speed-monitoring site was selected
as a measure of overall speed disparity. It was recognized that
this measure is an average and includes vehicles in adjacent
lanes as well as those in a vehicle-following situation. The
mean speed differential for cars and trucks in a given traffic
stream can be determined from the key statistics of their
individual speed distributions (3).

The calculation of the speed statistics used standard for-
mulas for classified data, with the middle value of each class
interval representing the entire class. The exceptions to this
rule were the classes at either end of the range. For the lowest
interval (i.e., 1 to 30 mph), a value of 28 mph was used. For
the highest interval (i.e., 81 mph and higher), a value of 83
mph was used.
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TABLE 1 SPEED-MONITORING DATA BY HOUR FOR 1 DAY AT ONE LOCATION, CARS

ONLY

Teiac Data for Thursday - 12 Novemoer 1987

Station Number 1118
Station Tyoe 2
Station Location

INTSR M3 82,8: 8.5 MILE SOUTH OF NAGLE A

Telac Numoer
Poiling Grouo

Eastbound Combined Sveeds for Length 1 thru 24 feet for Lane { thru 3

36

soeed Mon)("2ok mavest & B M 46 5l B 6 T 6 8 ol

Timg ——— — == — —_ —_— _ —_ — -— —_— — -—_ -

01:00 ] L] ] & B {50 389 307 253 136 42 18 133

2% ] ] (] ? ] 3 19 14 18 3 2 2 58

03:0¢ 0 (] ) 2 16 68 154 1@ 61 ki i 3 462

4:00 ] (] ] 3 12 82 113 81 i 2 il 3 i

5:00 ] (] 1 7 27 % 1 149 81 45 i3 3 598

06:%0 2 0 8 12 48 207 563 34 hif 284 75 [ 2wz

07:00 623 7% 1068 o 417 549 Je2 347 236 8 i3 2 5321

08:00 3519 498 98 20 1 { ] ? ] [} ? a 4137

#9:00 1951 577 T 537 187 k) 7 [} '} ? [} 2 445

18:00 586 241 9 422 4% 526 876 518 426 19 43 9 4481

11180 [} [] ] 9 bl 376 859 834 K] 396 24 b 3823

12:99 [} ] 1 0 89 288 ") 787 851 571 181 38 3478

13:00 [} ] [} 3 & 25 976 m 773 g1 . 187 & 3276

14:89 [ [} [} 8 ” 338 633 a5 913 568 178 39 3683

15:08 [] ] { 5 181 361 805 3 1dd% 555 15 25 3%8

16:00 374 88 183 165 348 684 994 891 806 23] 31 9 4737

17:00 563 198 158 249 528 854 1037 i 33 50 9 2 4708

18:90 L} L] 8 & 570 1134 1435 348 357 55 19 3 46a7

19:08 @ ] [} 21 k' %3 133 944 653 160 17 4 4329

20:00 (] L) (] 1 a3 460 39 850 737 e 5 9 3428

21108 ] (] [} 9 b4 278 [ 658 558 318 82 27 2666

2:0 ] ? 8 13 87 277 678 603 619 35 83 26 213

23:00 (] ? 1 1 78 315 639 666 582 281 Bl 14 2716

24:09 (] 1 ? 7 S4 28 439 473 445 263 g2 ] 2015

24 Hour Totals 7616 2397 2382 2313 3630 8456 14387 12308 11171 D740 1461 3z 7383

Total Vehicles -— 73003 Total Vehicles over 55 Mon — 460@9 Percentage of Venicies over 33 Moh — 63.0
fverage Sveed — 547 Total Vehicles over 60 Mph — 31622 Percentage of Vehicies over 63 Mon — 43,3
Median Soeed — A2 Total Vehicles over 65 Moh — 18714 Percentane of Venicles over 63 ¥on — 25.6
85th %tile Speed — 64,5 Total Vehicles over 70 Mph — 7543 Percentage of Vehicies over 7@ Mph — 10,3

The monthly values of the 85th-percentile speeds and speed
variances for passenger cars and trucks are shown in Figures
1-4. Monthly estimates of the mean speed differential be-
tween passenger cars and trucks are shown in Figure 5.

Accident Data

Accident data were provided by the IDOT Traffic Safety
Division. Monthly summaries were provided for each site for
January 1983-July 1988. The highway segment lengths as-
sociated with each monitoring station were selected on the
basis of inspection of maps, personal knowledge of the areas,
advice from IDOT representatives, physical data provided by
the Office of Planning and Programming, and, in some cases,
site visits.

Crash data included frequencies of fatal accidents,
personal-injury accidents, and property-damage-only acci-
dents. These data were tabulated separately for accidents in-
volving semitrailer trucks and those not involving semitrailer
trucks, as well as accidents involving passenger cars and sem-
itrailer trucks moving in the same direction. The separation
of accidents related to semitrailer trucks relates as closely as
possible to the vehicle dichotomy resulting from the speed
measurement data.

Monthly accident rates were calculated using estimates of
vehicle-miles of travel (VMT) provided by IDOT for all road-
way sections with the higher speed limit.

Biannual average daily traffic (ADT) estimates for car traffic
volume for each segment were aggregated and adjusted using
seasonality factors provided by IDOT to yield traffic volumes
expressed in millions of VMT for each month for the period
January 1983—July 1988.

Monthly VMT values for nontrucks were derived by sub-
tracting the estimated daily VMT values for trucks from the
daily VMT values for all vehicles and multiplying the differ-
ence by a seasonal factor and the number of days in the month.
Monthly VMT values for trucks were obtained by multiplying
the estimated daily VMT by the number of days in the month.

Two monthly frequencies of accidents, supplied by IDOT,
were used to calculate accident rates:

1. All accidents, and
2. Only accidents involving a car and a truck moving in the
same direction.

These frequencies were divided by the monthly VMT fig-
ures to obtain time series for accident rates on 65-mph rural
Interstate segments.
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The accident frequency and accident rate series for pas-
senger cars only are shown in Figures 6—9. The accident fre-
quency and accident rate series for car-truck accidents are
shown in Figures 10-13. Figures 14 and 15 show the fraction
of car-truck accidents as a proportion of all accidents, which
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eliminates the need for an exposure base. Only frequencies
are required for the calculation, yet it maintains a relationship
to exposure by assuming that the changes in VMT will occur
at the same relative rate for both cars and trucks.
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FIGURE 2 85th-percentile speed by month: trucks, all sites.
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FIGURE 3 Speed variance by month: passenger cars, all sites.
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FIGURE 4 Speed variance by month: trucks, all sites.
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FIGURE 5§ Car-truck speed differential by month: all sites.
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FIGURE 6 Accident frequency by month: all reported accidents, passenger
cars, all sites.
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FIGURE 7 Accident frequency by month: fatal and injury accidents,
passenger cars, all sites.
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FIGURE 8 Accident rate by month: all reported accidents, passenger cars,
all sites.
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FIGURE 9 Accident rate by month: fatal and injury accidents, passenger
cars, all sites.
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FIGURE 11 Car-truck accident frequency by month: fatal and injury

accidents, all sites.
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FINDINGS
Changes in Vehicular Speed

The change in the speed limit for rural Interstate facilities in
Illinois occurred in May 1987. Treating the monthly obser-
vations of each measure as time series, ARIMA intervention
analyses were performed to test for the presence, magnitude,
and nature of changes, if any, in the speed data after the law
change. The ARIMA analysis identified a statistically signif-
icant increase in the 85th-percentile speed for cars (see Table
3). The analysis also indicated that the form of the change
was gradual and permanent, which suggests that the impact
on the 85th-percentile speed occurred gradually after the law
change. The ARIMA analysis also predicted that the ultimate
increase in speed was 4.0 mph. No impact was detected on
the speed variance of passenger cars. No permanent change
in truck speeds was detected, measured either by 85th-
percentile speed or by speed variance.

The speed differential between cars and trucks was also
examined. The results suggested that a gradual, permanent
increase occurred in the car-truck speed differential after the
change in the law. The conclusion, however, is only supported
at the 20 percent level of significance. The asymptotic value
for the change was estimated at 2.8 mph.

Changes in Accidents

The accident rate time series covered the same 67-month
period that was used for the analyses of the speed data (i.e.,
January 1983—July 1988). In addition to frequency and rate,
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TABLE 3 IMPACT OF SPEED LIMIT CHANGE ON 85TH-
PERCENTILE SPEED AND SPEED VARIANCE AT 15
SPEED-MONITORING SITES, CARS AND TRUCKS

Speed Measures
Vehicle gs5th Percentile Speed .
Type Speed (MPH) Variance (MPH )
cars delta MPH = +4.02 No Impact
(GP, .05)
Trucks No Impact No Impact
2 The delta value indicates the estimaked asymptotic

change in the 85th percentile speed.

b (GP, .05) indicates that a "gradual permanent" post-
intervention model was identified at the .05 signif-
icance level. The reported significance level
represented the least significant level among all
relevant parameters in the ARIMA model used for this
case.

a third accident measure for car-truck accidents was used: the
proportion of car-truck accidents to all accidents.

The results of the ARIMA analysis of the accident mea-
sures, presented in Tables 4 and 5, were inconclusive. A sta-
tistically significant increase of 14.2 percent was found in the
frequency of all accidents for the 65-mph rural Interstate sites.
There was not, however, a corresponding increase in the fre-
quency of fatal and injury accidents. The analyses did indicate
an impact (at a low level of significance) on fatal and injury
accident rates. A permanent increase in the fatal and injury

TABLE 4 IMPACT OF SPEED LIMIT CHANGE ON ACCIDENT MEASURES
FOR PASSENGER CAR ACCIDENTS ONLY, ALL SITES

Accident Severity

Accident Measure

All

Accidents

Fatal and Injury
Accidents Only

Accident Frequency
(Accidents per Month)

Freq. Change = +14.2%%
(AP,

.05)

No Impact ‘

Accident Rate
(Accidents per month)
per Million VMT

No impact

Rate Change=18.

5% |
(AP, .20)2 |

a The Freg. or Rate Change value for an "abrupt permanent" post-
intervention model (AP) indicates the estimated permanent percent
change in the accident frequency or accident rate that occurred at

the time of the intervention.

b (XX,
intervention model; i.e.,

XX = AP (abrupt permanent), or

= GP (gradual permanent), or

= AT (abrupt temporary).

.Xx) indicates the form and significance level of the post-

XX = ,05, or
= _10, or
= _20.

Reported significance levels for each case represent the least
significant level among all relevant model parameters for that

casa.
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TABLE 5 IMPACT OF SPEED LIMIT CHANGE ON ACCIDENT MEASURES
FOR CAR-TRUCK ACCIDENTS ONLY, ALL SITES

Accident Severity

Accident Measure All Fatal and Injury
Accidents Accidents oOnly
Accident Frequency No Impact No Impact

(Accidents per Month)

Accident Rate No Impact Rate Change = -27.3%2
(Accidents per Month (AP, .05)2
per Million VMT)

(Car-Truck Accidents as (AT, .10)
a § of All Accidents |

b

Accident Proportion No Impact Prop. Change = -74.8%¢

The Freg. or Rate Change value for an "abrupt permanent" post-
intervention model (AP) indicates the estimated permanent percent
change in the accident frequency or accident rate that occurred at
the time of the intervention.

Two proportions were examined. For all accidents, the proportion
equaled all car-truck accidents divided by all accidents. For
fatal and injury accidents only, the proportion equaled all fatal
and injury car-truck accidents divided by all fatal and injury
accidents.

The Prop. Change value for an "abrupt temporary" post-intervention
model (AT) indicates the estimated temporary percent change in the
proportion of car-truck fatal and injury accidents among all fatal
and injury accidents that occurred at the time of the interven-

tion.

accident rate of about 18.5 percent was calculated (significant
at the 20 percent level).

The time series analyses of car-truck accidents are pre-
sented in Table 5. Both the accident rate and the accident
proportion measures, for fatal and injury accidents only, ex-
hibited significant reductions in car-truck accidents associated
with the law change.

CONCLUSIONS

On the basis of the analyses of speed data, there is evidence
that an increase of 4 mph occurred in 85th-percentile speeds
of passenger vehicles along rural Interstate highways in Illinois
after the change to the 65-mph speed limit. There is not suf-
ficient evidence, however, to indicate that any change oc-
curred in truck speeds. There is also no strong evidence that
either the speed variance or the car-truck speed differential
changed.

The safety impact associated with the speed increase is not
clear. Although there is strong evidence that the overall ac-
cident frequency increased more than 14 percent on these
same facilities after the law change, it does not seem to have
affected the injury and fatal accident experience. Further-
more, when traffic volume variations are taken into account,
there is no strong evidence that there was an effect on acci-

dents associated with the law change. Finally, there is no
strong evidence that the car-truck accident experience was
affected by the law change. In fact, the incidence of car-truck
accidents decreased after the change.

The experience gained from this research suggests specific
methodological issues for further study:

1. Sensitivity analysis of the study results on the particular
month used (i.e., the increase in the speed limit);

2. Elimination of non-speed-related accidents; and

3. A study of long-term trends by extending the data col-
lection period after the law change.

Most of the work being conducted today is global in its
orientation. However, the variations from nationally aggre-
gate study results found within this study, and initial indica-
tions that similar variations have been identified in other states,
suggest the need for more analyses that are based on disag-
gregate data to allow the development of valid models for the
preimplementation examination of proposed policies. Areas
of research for further consideration include the following:

1. Comparison of speed and crash experience associated
with the law change in states having similar roadway, envi-
ronment, enforcement, and legal conditions;

2. Analysis of variations in the speed and crash experience
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with respect to design attributes of the roadways, terrain,
traffic mix, weather, and enforcement practices; and

3. A study of specific issues related to speed differential
using headway and other data measured from pairs of vehi-
cles, by type of vehicle.
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