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1. INTRODUCTION & AIM 
There have been numerous studies of traffic crashes that analyze the relationship of crashes with traffic 

conditions, the road geometry, and environment. The present paper aims to systematically investigate 

the possible differences in the effects of those variables during night, twilight or day. Previous studies 

show there is a relationship between traffic crash frequency, injury severity, and the time of day (Clarke 

et al., 2006). Also, research shows that driving is different depending on the time of day (Plainis and 

Murray 2002; Konstantopoulos et al., 2010). Recent work using a driving simulator has found that there 

is a significant driving speed differential between night and day and concludes that roadway geometric 

conditions that are safe during day may not be safe during nighttime driving (Bella and Calvi, 2013). 

Much of the research that considers differences between night and day driving focuses on driver-specific 

characteristics such as drunk driving (Houwing and Stipdonk, 2014), young drivers (Clarke et al., 2006), 

age and gender (Reimer et al., 2007), sleepiness (Elvik, 2009), but omits a systematic investigation of 

daytime vs. night differences in road environment variables. 

The main contribution of this paper is therefore an investigation of the effect of road environment 

conditions on crashes under different light conditions, using random parameter Poisson and negative 

binomial regressions which are estimated separately for each light condition (daytime, nighttime, 

twilight) and the whole 24-hour day. 

2. METHODS 
The analysis of crash frequency widely uses Poisson or negative binomial regression (Shankar et al., 

1995; Anastasopoulos and Mannering, 2009). Here the crash frequency data are based on 10 km fixed-

length sections which include varying geometrics and traffic. This leads to greater variation of data 

within sections, or heterogeneity. This research uses variables capturing within-section variance and 

random parameter Poisson and random parameter negative binomial models (Anastasopoulos and 

Mannering, 2009; Venkataraman et al., 2014) to deal with the section length and resulting 

heterogeneity. 

The models are random parameter Poisson and negative binomial regressions. The estimable random 

parameters are expressed as: 

 β𝑖 = 𝛽 + 𝜙𝑖, (1) 
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where 𝜙𝑖  is a randomly distributed term. An alternative specification allowing a correlation across 

random parameters (see Greene, 2007), β𝑖 = 𝛽 + Γ𝜙𝑖, using a lower triangular covariance matrix, Γ, is 

also tested. Train (2003) along with Hensher and Greene (2003) provide recommendations for 

distributions of random parameters and based on those the normal distribution is used for continuous 

variables and the uniform distribution is used for indicator variables. 

3. DATA 
The data available for this research contain information about traffic crash frequencies on three 110 

km/h speed limit freeways in the Republic of Korea in the years 2007 through 2010, the Seohaean, 

Jungbu, and Jungbu-naeryuk freeways. A few section which had not been constructed before 2007 or 

which did not fulfill the 110 km/h freeway criteria were omitted in the study. 

Roadway sections in crash frequency analysis can be either homogeneous on variables, such as traffic 

volume or geometric design elements but then with varying length, or they can be of fixed length with 

varying roadway geometry. In the database available in this study, the freeway system has been divided 

into fixed length sections of 10 km in length and this somewhat long section definition must be dealt 

with in the analysis. There are 281 such roadway sections available for analysis.  

The dependent variable is the number of traffic crashes that occurred in each road section in each year 

over the period of 2007 through 2010. It is the cumulative number of crashes in each year, with four 

years available for each section. The independent variables are traffic characteristics, geometric 

characteristics, and environment characteristics which are expected to influence traffic crashes. 

Definitions and descriptive statistics of the variables are shown in Table 1. 

The data are classified into four separate datasets by light conditions: daylight, night, twilight (sunrise 

or sunset), and the whole 24 hour day (the whole dataset), which are modeled separately as four models. 

The classification of the data by light condition is developed based on the monthly time of sunrise, time 

of sunset, and the officially defined civil twilight that the Korea Astronomy and Space Science Institute 

provides. The civil twilight time is defined as the time when the sun has not risen (or has recently set) 

but the overall brightness enables people to work outside and read the newspaper. The morning and 

evening twilight periods are defined as the time between civil twilight and when the sun is at 25 degrees. 

The morning and evening twilight are combined into one twilight period. Daylight is defined as 

beginning at the time when the sun is at 25 degrees in the morning and ending when the sun is at 25 

degrees in the evening. The selection of 25 degrees for the sun’s angle above the horizon is based on 

previous research (Jurado-Piña and Pardillo 2009). During daylight, the driver is expected to feel no 

discomfort due to lack of light or low angle of the sun. The night is defined as the time from the evening 

civil twilight to morning civil twilight. This definition is more specific to the light condition than a 

definition simply using the time of day. 
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Table 1. Descriptive statistics of data for the 281 roadway sections 

 Mean St.Dev. Min. Max. 

Dependent Variable     

 Number of crashes (daylight) 

Number of crashes (night) 

Number of crashes (twilight: sunrise or sunset) 

Number of crashes (total) 

9.6 

8.2 

4.2 

21.9 

7.1 

5.4 

3.3 

14.1 

0 

0 

0 

2 

45 

30 

21 

92 

 

 

 

      

Traffic Characteristics     

 AADT (AADT/1,000) 39.6 26.5 8.7 140.4 

 Traffic share of light vehicles 0.8 0.1 0.6 1.0 

 Traffic share of medium vehicles 0.2 0.04 0.04 0.3 

 Traffic share of heavy vehicles 0.04 0.02 0 0.1 

      

Geometric Characteristics     

 Number of lanes 2.8 0.9 2 4 

 Number of interchanges/junctions 1.0 0.7 0 3 

 Trumpet type interchanges  0.8 0.6 0 3 

 Interchange/junctions (except trumpet type)  0.2 0.5 0 2 

 Short tangents (L < 1,421 m)  3.3 2.0 0 8 

 Medium tangents (1,421 ≤ L < 4,000 m) 1.3 0.9 0 3 

 Long tangents (4,000 m ≤ L)  0.1 0.4 0 2 

 Short radius curves (R < 4,000 m)  3.8 2.0 0 9 

 Medium radius curves (4,000 ≤ R < 10,200 m) 0.8 0.9 0 3 

 Long radius curves (10,200 m ≤ R)  0.1 0.5 0 3 

 Transition curves  2.3 2.0 0 8 

 Number of uninterrupted curves  0.6 1.1 0 5 

 Crest vertical curves  4.2 2.3 1 15 

 Sag vertical curves  4.2 2.2 1 11 

 Horizontal & crest vertical curves  2.0 1.7 0 9 

 Horizontal & sag vertical curves  2.0 1.7 0 10 

 Number of tunnels 0.7 1.1 0 5 

 Number of bridges 2.7 1.4 0 7 

      

Environment Characteristics     

 Urban (50,000 ≤ population) (yes (1), no (0))* 0.90 0.3 0 1 

 Frequent fog in area (yes (1), no (0))* 0.38 0.5 0 1 

 Snowfall (cm) 16.92 13.4 0 50.1 

 Number of days with snowfall 11.95 8.1 0 30 

 Rainfall (mm) 1,258 311 741 2,142 

 Number of days with rainfall 101.23 13.8 76 144 

* Indicator variable (1 or 0) 

L: length (m), R: radius (m) 

 

4. RESULTS AND CONCLUSIONS 
This research investigated the influence of road environment variables on freeway traffic safety under 

different light conditions using negative binomial crash frequency models with fixed and random 

parameters. The analyzed regions were the Seohaean, Jungbu, and the Jungbu-naeryuk freeways in 
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Korea, which have a speed limit of 110 km/h. Data collected in 2007 through 2010 was used. The data 

were classified into crashes occurring during daylight, night, twilight, and models were developed for 

these light conditions and compared with a model for the whole 24-hour period.  

At night, fewer variables turn out to have significant effects, including geometric variables which are 

important during daylight and twilight. Only uninterrupted curves remain among the geometric 

characteristics during night. This could in part be a traffic volume effect, despite the control for AADT. 

The lower volume at night renders the danger of curves and interchanges less serious, as the risk caused 

by these areas goes up with increasing chance of conflict with other vehicles. Night crash frequency is 

primarily affected by the distribution of vehicle types in the traffic stream. 

The road environment variables found to influence traffic crash frequency the most are AADT, the 

traffic share of light vehicles, urban area, frequent fog in area, and number of days with snowfall. All 

these variables have a positive correlation with crashes and thereby increase the number of traffic 

crashes. 

Among these variables, AADT, traffic share of light vehicles, and frequent fog in area get random 

parameters for at least one light condition. For an example, during daylight the frequent fog in area has 

a random parameter with a mean coefficient value of 0.138 that has a positive correlation with traffic 

crashes, but the standard deviation value is 0.159 and leads to some negative parameter density as well, 

indicating that fog is in some sections associated with a reduced crash frequency, although fog mostly 

tends to increase traffic crash frequency.  

The results indicate that the effect of observable traffic, environment, and especially roadway geometric 

characteristics on crash frequency differs by light conditions. The results can be used when developing 

driver information systems as different information could be given to drivers about the road ahead based 

on light conditions. During daylight it is most important that drivers be aware of greater caution needed 

in upcoming areas with high traffic volume and greater numbers of interchanges and junctions. The 

results indicate that roadway design should try to avoid combining horizontal and sag vertical curves. 

Warnings about fog ahead may improve safety. Even so, the limited sight distance during fog will remain 

a risk factor until vehicles can be equipped with proximity warning systems, which can provide drivers 

with information about obstacles beyond the visual sight distance in fog. 
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