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Traffic Accidents: Day Versus Night 

DONALD R. HERD, KENNETH R. AGENT, AND ROLANDS L. RIZENBERGS 

A comparison of accidents during daylight and darkness was made for both 
rural and urban roads. Accident rates on all types of rural roads were higher 
during darkness than during daylight. Critical accident rates during darkness 
for various types of roads were calculated. In urban areas, a larger percentage 
of accidents occurred on wet pavements during darkness than during daylight, 
but there were no significant differences for rural roads. No significant differ
ence was found between average speeds during conditions of daylight and 
darkness. On rural roads, imposition of the 24.6-m/s (55-mph) speed limit re
sulted in a reduction in accident rates for both daylight and darkness. How
ever, there were changes in the percentages of wet-pavement accidents on rural 
roads: For the entire rural system, there was a decrease during daylight and an 
increase during darkness_ 

Several sorting factors were employed in deriving 
traffic-accident statistics in Kentucky. Roadway 
geometrics (1) and factors related to the energy crisis (2) 
were investigated. However, statistics related to day an-d 
night and dawn and dusk had not been determined. Average 
and critical accident rates were calculated for various types 
of highways, but basic rates for daylight and darkness had 
not been determined. Accident records have now been 
searched and sorted to obtain those statistical indices. 
Others have reported significant differences in accidents 
during daylight and darkness (3,4). 

Accident experience since the 24.6-m/s (55-mph) speed 
limit was imposed was analyzed to determine the effect of 
increased speed on many highways during the hours of 
darkness. The speed limit in Kentucky was set at 24.6 m/s 
on March 1, 1974. This speed limit applied to all vehicles 
for both daylight and darkness driving conditions and on all 
types of roads . Before that, the speed limit on Interstate 
and four-la ne divided toll systems had been 31.3 m/s (70 
mph) during both daylight and darkness. The speed limit on 
most other rura l roads in Kentucky was 26.8 mis (60 mph) 
during the day and 22.4 m/s (50 mph) at night. A dramatic 
decrease in the number of traffic accidents, injuries, 
fatalities, and accident rates followed the so-called energy 
crisis of late 1973 (2). The biggest reductions coincided 
with speed reductions-and the speed-limit change in March 
1974. A major conclusion from those statistics was that 
vehicle speed was highly relatable to accident involvement. 
However, that study did not deal with the effects of an 
increase in posted speed on many roads during the hours of 
darkness. 

PROCEDURE 

Accident and volume data were obtained for both rural and 
urban roads. The data for rural areas were those reported 
by the Kentucky state police, and those from urban areas 
were obtained from the city of Louisville. Data for 197 3 
and 1975 were used for the rural system, and data for 1973 
and 1974 were used for the urban roads (1975 urban accident 
data were not available). The data from 1973 and 1975 were 
used when comparing conditions before and after the 
24.6-m/s speed limit. However, only 1975 data for the rural 
system and 1974 data for the urban system were used in 
most comparisons, because those data better renected the 
current road environment. 

The rural highway system was sorted into (a) two- and 
three-lane roads, (b) expressways (Interstate and toll-road 
parkway), and (c) four-lane (undivided and divided, no access 
control) roads. Accidents in the urban area were not 
classified by type of road. 

To accurately determine periods of daylight and 
darkness, the hours of sunrise and sunset were obtained from 
the Nautical Almanac Office (5). After the two different 
time zones within the state and daylight saving time had 
been accounted for, the hours of daylight and darkness were 

defined for each month (6, 7). Dawn was defined as the hour 
before sunrise (rounded- to the nearest hour); dusk was 
defined as the hour after sunset. Accidents were obtained 
on a n hourly basis and then summarized by those times. 

Total vehicle kilometers of travel on the rural system 
had been obtained earlier (2). By using several 
representative 24-h counts, the hourly volume distribution 
was determined, and accident rates were calculated for 
each period. Rates during darkness were calculated for 
each type of rural road. Total vehicle kilometers tra veled 
in the urban area were not known, and only the percentage 
of accidents and tra ffic volume in the respective periods 
could be compared. 

RESULTS 

Rural Accidents 

Accident Rates 

According to 1975 state police statistics, 22 percent of all 
rural accidents and 32 percent of expressway accidents 
occurred during darkness, as shown below: 

Road 
Percentage of Accidents 

Type Daylight Darkness Dawn Dusk 

Two-lane 71.6 21.1 1.9 5.3 
Four-lane 72.8 18.2 3.6 5.4 
Expressway 60.2 31.9 3.9 4.0 
All 70.8 21.9 2.1 5.2 

The higher percentage was probably due to the higher 
volume of traffic on these routes during darkness. The 
highest accident rate, according to the same source, was on 
two-lane roads during darkness, although the rate at dusk 
was also high. The rates during darkness were the highest 
on each type of road (loo million vehicle miles= 160 million 
vehicle kilometers}. 

Accident Rate (accidents per 100 million vehicle 

Road 
miles) 

Type Daylight Darkness Dawn Dusk Combined 
---

Two-lane 238 412 175 317 263 
Four-lane 102 150 140 135 111 
Expressway 55 109 95 68 67 
All 192 309 156 256 211 

The overall rate during darkness on the rural system was 1.6 
times greater than the rate during daylight. As expected, 
expressways had the lowest rates; the rate at dusk was 
surprisingly high compared with that at dawn. 

Critical Accident Rates During Darkness 

By using the average rates for periods of darkness as 
determined previously, critical rates can be calculated for 
any given section length, annual average daily traffic, and 
probability level (8). Resulting critical-rate curves may be 
used to determine whether an accident problem exists 
during darkness and whether safety improvements may be 
warranted. Critical rates were calculated for each type of 
rural road by using 

Ac= Aa + KyA./M + l/2M (I) 
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where 

Ac= critical accident rate, 
Aa = average accident rate, 
K = constant related to level of statistical significance 

selected (for p = 0.95, K = 1.645; for p = 0.995, K = 2.576), 
and 

M = annual 160 million vehicle kilometers (100 million 
vehicle miles). 

A probability level of 0.95 was selected, and calculations 
were based on data for one year. The resulting critical-rate 
curves are presented in Figures 1-3. Critical rates were 
determined for s ection lengths ranging from 1.6 km (1 mile) 
to 32.2 km (20 miles). A different set of graphs could be 
developed for two or more years of accident data. 
Increasing the number of years of data would result in lower 
critical rates. 

To determine whether the nighttime accident rate of a 
section is critical, the section length, average annual daily 
traffic (AADT), and the accident rate during the period of 
darkness must be known. The critical rate is determined by 
using the AADT and section length. If the accident rate is 
above the critical rate, the location should be investigated. 

Wet or Dry Conditions 

The percentage of accidents during the four light conditions 
for wet or dry pavement according to 1975 state police 
statistics is given below: 

Wet Snow Wet/ Ratio of 
Light Pavement or Ice Dry Wet/Dry 
Condition (%) (%) Ratio Time Daily 

Daylight 19.3 3.3 0.25 0.19 
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Wet Snow Wet/ Ratio of 
Light Pavement or Ice Dry Wet/Dry 
Condition (%) (%) Ratio Time Daily 

Dawn 25.7 15.0 0.43 0.22 
Dusk 19.8 3.8 0.26 0.20 
Darkness 18.7 5.1 n ...,. 0.21 U.4'"+ 

There were no significant differences in the percentages of 
accidents on wet pavements. Slightly less than 19 percent 
of the accidents were on wet pavements during darkness; 
this was comparable to slightly more than 19 percent during 
daylight. The ratio of wet- to dry-pavement accidents 
showed that the only significant difference occurred at 
dawn, when the ratio was significantly higher. The hours of 
precipitation had to be considered before valid comparisons 
could be made. Rainfall data were obtained from the 
Weather Bureau. By using this information, we calculated 
the ratio of wet to dry time for each part of the 24-h 
period. No significant differences were found. 

Severity 

The percentage of injury and fatal accidents during darkness 
and daylight according to 1975 state police reports is given 
below: 

Road 
Injury Accidents(%) Fatal Accidents (%) 

Type Daylight Darkness Daylight Darkness ---
Two-lane 31.7 37.7 1.6 3.7 
Four-lane 31.7 33.8 1.1 3.9 
Expressway 34.9 36.6 2.1 3.5 
All 31.9 37.5 1.6 3.7 

Figure 1. Critical accident rates during periods of darkness for rural two-lane roads. 
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Figure 2. Critical accident rates during periods of darkness for rural four-lane roads (no access control). 
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Figure 3. Critical accident rates during periods of darkness for rural expressways. 
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Accidents were more severe during darkness on all roads. 
Fatal accidents were 2.3 times more likely to occur during 
darkness than during daylight. Only slightly more injury 
accidents occurred during darkness than during daylight. 

Effect of Speed 

No significant differences were observed between average 
day and night speeds (Table 1 ). However, speed was not 
measured during the early morning hours. Table 1 shows 
that average speeds after the speed-limit change were 
reduced on all roads. Average speeds on Interstates 
decreased from 29.9 m/s (66.9 mph) to 26.3 m/s (58.9 mph). 

Percentage of accidents during darkness before and after 
the change in speed limit and percentage of change are as 
follows: 

Road Before After Change 
Type (1973) (%) (1975) (%) (%) 

Two-lane 20.0 21.2 +6.0 
Four-lane 23.2 18.2 -21.6 
Expressway 28.5 31 .9 +11 .9 
All 21.0 21.9 +4.3 

As expected, the percentage of accidents during darkness 
increased slightly on two-lane roads in 1975. Contrary to 
what was expected, the I percentage of accidents on 
expressways increased significantly. 

The percentages of wet-pavement accidents before and 
after the speed-limit change are compared in Table 2, where 
significant changes may be seen. For all highways, there 
was a decrease in the percentage of wet-pavement 
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accidents during daylight but an increase during darkness. 
This increase was directly attributable to the increase in 
accidents on two-lane roads and corresponded to an increase 
in the speed limit during darkness (from 22.4 m/s to 24.6 
m/s). This finding was significant and represents a true 
increase in the percentage of accidents because both the 
before and after periods experienced equal times of rainfall. 

Accident rates before and after the speed-limit change 
are given in Table 3. The changes in the accident rate were 
similar for both daylight and darkness. As shown below, the 
ratio of daylight to darkness accident rates before and after 
the speed-limit change also showed no change for the total 
system. The larger ratio after the speed-limit change for 
four-lane highways reflects the larger decrease in accident 
rate during darkness than during daylight. On expressways, 
the accident rate during daylight decreased more than that 
during darkness. 

Road Before After 
TYP!, (1973) (1975) 

Two-lane 0.58 0.58 
Four-lane 0.50 0.68 
Expressway 0.59 0.51 
All 0.62 0.62 

Accident Summary by Hour of Day 

An accident summary by hour of day from 1975 state police 
statistics for the entire rural system is presented in Table 
4. It shows higher accident rates and greater severity 
during darkness (particularly during early morning hours). 
The highest hourly accident rate was between 1:00 and 2:00 

Table 1. Average speeds on rural roads Average Speed (mph) 
during daylight and darkness. 

Table 2. Percentage of wet-pavement 
accidents on rural roads before and 
after the speed-limit change. 

Table 3. Accident rates on rural roads 
during daylight and darkness before 
and after the speed-limit change. 

Daylight Darkness 

Road Type Car Truck All Ca r Tr uck 

Interstate roads 
Before 55-rnph 

speed lirn it 69 .6 62.8 67 .o 68.8 63 .0 
After 55-rnph 

speed lirn it 59.0 58 .5 58 .9 59. 3 58 .3 
Two-lane roads 

After 55-rnph 
speed limit 53.3 51.8 53.1 53.4 53.2 

Note: 1 mph = 0.45 m/s. 

Before (1973) (1) After (1975) ("-) 

Road Type Daylight Darkness Daylight Darkness 

Two-lane 23 .0 16.4 19 .6 19 .0 
Four-lane 26 .0 21.6 21.9 20.3 
Expressway 29.0 17 .6 14.7 15 .1 
All 23.7 16.7 19 .3 18.7 

Accidents per 100 Million Vehicle Miles 

Before (1973) After (1975) 

Road Type Daylight Darkness Daylight Darkness 

Two-lane 250 433 238 412 
Four-lane 129 259 102 150 
Expressway 86 144 55 109 
All 207 333 192 309 

Note: 100 million vehicle miles = 160 million vehicle kilometers. 

Both Light Conditions 

All Car Truck All 

66.7 69.6 62 .8 66.9 

59.0 59 .2 58.4 58 .9 

53.4 53 .4 52 .3 53 .2 

Change ('.\\) 

Daylight Darkness 

-14 .8 +15.9 
-15.8 -6 .0 
-49 .3 -14 .2 
-18 .6 +12 .0 

Change (1) 

Daylight Darkness 

-4.7 -5.0 
-21.2 -42 .0 
-35.7 - 24 .8 

-7.4 -7 .2 
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Table 4. Accident summary by hour of day (all rural roads). 

Number of Accidents per 100 Injury and Fatal 
Hour Accidents Million Vehicle Miles Accidents ( i> 

1' 610 448 44 .8 
2 485 509 47 .0 
3 309 320 41.1 
4 282 387 44.3 
5 240 264 42 .5 
6 316 164 35.8 
7 682 153 32.3 
8 973 125 31.2 
9 1148 168 30.3 

10 1182 144 28.3 
11 1276 153 29.8 
12 1594 187 29 .5 
13 1627 198 31.6 
14 1681 197 34.1 
15 2104 236 34.1 
16 2293 225 32.8 
17 2441 222 32 .7 
18 1990 194 35.1 
19 1725 248 36.1 
20 1403 263 38,4 
21 1108 274 37.7 
22 992 304 42 .5 
23 857 313 42.6 
24 425 218 43~ 

Note: 100 million vehicle miles= 160 million vehicle kilometers. 

a Midnight to 1:00 a.m. 

Table 5. Accidents during various light and pavement-surface 
conditions on urban roads. 

Accidents Accidents Ratio of Wet- Ratio of Wet-
on Wet on Snow to Dry- to Dry-Time 

Light Pavement or Ice Pavement Pavement 
Condition (1) ( ~) Accidents Conditions 

Daylight 19.5 1.7 0.25 0.19 
Dawn 32.1 10.0 0.55 0.22 
Dusk 22 .8 1.5 0.30 0.20 
Darkness 26.7 4.6 0.39 0.21 

a.m. The hours between 9:00 p.m. and 4:00 a.m. generally 
had the highest accident rates. These same hours also had 
the highest percentage of injury and fatal accidents. 

Urban Accidents 

Accidents and Traffic Volume 

Since the total vehicle kilometers traveled in the Louisville 
urban area were not known, accident rates for urban roads 
could not be calculated. A number of 24-h traffic volume 
counts were obtained for 1974, and the percentage of 
accidents and the volume during the various light conditions 
are shown below: 

Light Percentage of Percentage of 
Condition Accidents Volume 

Daylight 71.8 72 
Darkness 22.2 20 
Dawn 1.4 4 
Dusk 4.6 4 

For both daylight and darkness, the percentages of accidents 
and of volume were very similar. There were distinct 
differences in accidents at dawn and at dusk. The 
percentage of accidents at dawn was abnormally low 
compared with that at other times of the day. 
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Wet or Dry Conditions 

The data in Table 5 show that there is a greater proportion 
of accidents during darkness than during daylight on wet 
pavements. The slightly higher ratio of wet- to dry-time 
pavement conditions during darkness does not account for 
the difference in the rates of wet- and dry-pavement 
accidents. As was seen for rural accidents, a higher ratio of 
wet- to dry-pavement accidents occurred at dawn. 

In an effort to alleviate the problem of rainy-nighttime 
accidents, a recent safety program in urban areas in 
Kentucky involved the installation of raised pavement 
markers. Their effect on wet-nighttime accidents has not 
yet been determined. 

Severity 

The severity of accidents was found to increase during the 
hours of darkness: 

Light Injury Fatal 
Condition Accidents (%) Accidents (%) 

Daylight 9.7 0.14 
Dawn 9.4 0.67 
Dusk 11.6 0.22 
Darkness 14.4 0.53 

The percentage of injury accidents showed an increase, but 
the largest increase was in the percentage of fatal 
accidents, which was almost four times that during 
daytime. Accidents at dawn and dusk were more severe 
than daytime accidents but less severe than accidents during 
nighttime. 

Effect of Energy Crisis 

The effects of the energy crises on accidents (primarily the 
effect of the 24.6-m/s speed limit) are summarized in Table 
6. The reduction in the speed limit, of course, involved 
primarily roa.ds in rural areas and should have had a smaller 
effect in urban areas because the speed limits there were 
already under 24.6 m/s. Considering all accidents, there 
were no significant changes in the percentage of injury and 
fatal accidents. The data showed that the energy crisis had 
a greater overall effect on accidents at night than on those 
during the day. 

SUMMARY AND CONCLUSIONS 

On rural roads the accident rate at night was higher than 
that during the day. The ratio of the night and day accident 
rates was greatest for rural expressways (1.98) and least for 
four-lane roads (1.4 7). Generally, accident rates at dusk 
were higher than those at dawn, which may be due to the 
higher traffic volumes associated with dusk. About 22 
percent of all rural accidents occurred during darkness. 
Rural expressways had the highest percentage of accidents 
during darkness (31.9 percent). 

Critical rates of accidents during darkness for various 
types of rural roads were calculated. Graphs presenting the 
critical rate as a function of volume and section length were 
prepared for each type of rural road. The critlca.1-rate 
curves may be used to determine whether an accident 
problem during darkness exists. 

In the Louisville urban area, wet-pavement accidents 
were more of a problem during darkness than during 
daylight, but there was no significant difference between 
the percentages during darkness and daylight on rural roads. 
At dawn, both urban and rural roads had a higher incidence 
of wet-pavement accidents than dry-pavement accidents. 
Both urban and rural accidents were more severe at night. 
The rate of fatal accidents was higher at night, and there 
was a slightly higher incidence of injury accidents. 

No significant differences were observed between 
average speeds during daylight and darkness. 
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Table 6. Effect of energy crises on accidents during daylight and darkness for urban roads. 

Before Energy Crisis (1973) 

Item Daylight Darkness Total' 

Number of accidents 14 525 4575 20 512 
Percentage on wet pavement 19.6 31.l 22.0 
Percentage of injury and fatal accidents 9.8 15 .6 11.3 

•Totals do not include accidents that occurred at dawn and at dusk, not shown in this table. 

On rural roads, the 24.6-m/s speed limit resulted in 
changes in the accident rates that were similar for both 
daylight and darkness. However, there were significant 
changes in the percentage of wet-pavement accidents after 
the speed-limit change. Throughout the rural system, there 
was a decrease in the percentage of wet-pavement 
accidents during daylight but an increase during darkness. 
This nighttime increase resulted from the increase in the 
percentage of accidents on the two-lane roads. On these 
roads, the nighttime speed limit had been raised from 22.4 
m/s to 24.6 m/s. Considering all accidents in the urban 
areas, there were no significant changes in accident 
occurrence after the 24.6-m/s speed-limit change; however, 
there was a greater overall decrease of accidents during 
darkness than during daylight. 
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