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Nighttime visibility is an important consideration in collision reconstruction and personal injury 
investigation. Decreased contrast in low ambient lighting conditions can greatly affect human 
perception and response. Because ambient lighting levels change rapidly at dawn and dusk, 
forensic investigators must have an accurate knowledge of the time of day and the cloud 
conditions at the time of the incident before initiating a nighttime visibility assessment. 
Previously, human factors experts attempting re-enactments at dawn or dusk have had to wait for 
sky conditions that match those at the time of the incident, making the investigation of those 
cases extremely difficult, if not unfeasible. In this study, an ambient illumination equivalency tool 
has been developed based on a database of time-lapse light meter readings collected by the 
authors. This new tool can be used to facilitate nighttime visibility assessments on any day by 
providing a time adjustment factor to account for the changes in ambient illuminance due to 
differences in the cloud conditions between the day of the incident and the day of the re-
enactment. 
 
 

INTRODUCTION 
 

 Visibility is an important factor to consider 
in nighttime collision reconstruction and personal 
injury investigation. Losses in ambient illumination 
impair one’s visual performance, resulting in 
reduced perception and response (Olson and Farber, 
2003). According to Transport Canada, nighttime 
conditions account for a disproportionate number of 
collisions, since more than half of all motor vehicle 
fatalities between 1999 and 2013 occurred after 
dark, when only a quarter of all road trips were 
driven at night.  
 In order to determine causation and 
avoidance potential in nighttime visibility cases, a 
forensic investigator must have reliable evidence. 
Knowledge of the lighting conditions at the time of 
an incident is critical to an assessment of hazard 
visibility.  
 The preferred method used by forensic 
professionals to measure ambient lighting levels is 
illuminance. The illuminance method measures the 
intensity of light arriving within a given surface 
area and is expressed in lux. Illuminance is 
measured using a handheld light meter. 
 Ambient lighting levels (i.e., the intensity of 
light provided by the sky) during dawn and dusk 
change rapidly. Depending on the time of year and 

one’s location in the world, full daytime lighting 
conditions can change to full nighttime conditions 
within an hour. In addition, it has been found that 
different weather conditions affect the ambient 
illumination (Darula and Kittler, 2001). There is 
less ambient lighting coming from the sky in the 
hour after sunset if the conditions are cloudy rather 
than clear. 
 When conducting a nighttime visibility re-
enactment, it is desirable to replicate the exact 
lighting conditions at the time of the incident. For a 
dusk or dawn re-enactment, this typically results in 
significant delays for the forensic investigator, since 
the relative time of day and weather conditions must 
both match those at the time of the incident. For this 
reason, planning a nighttime re-enactment at dawn 
or dusk is one of the most difficult aspects of 
forensic engineering and is often not attempted by 
investigators. 
 In order to address this problem, the authors 
of this paper have developed a new reference tool to 
facilitate nighttime visibility re-enactments. This 
reference tool, referred to in this paper as the 
Standardized Ambient Illumination Factor (SAIF) 
chart, provides a time adjustment factor that can be 
used to account for the changes in ambient 
illumination due to differences in cloud cover 
between the day of the incident and the day of the 
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re-enactment. This new tool will provide experts 
with a quick and reliable tool to identify equivalent 
ambient lighting levels at dawn or dusk during 
different cloud conditions. The key to the SAIF 
chart is that it is normalized to the time interval 
from sunset to the end of nautical twilight on any 
given day. Thus it can be used at any time of the 
year, in any city, on any day of convenience to the 
investigator.  
 The end of nautical twilight in the evening is 
meteorologically defined as the time when the sun’s 
centre is 12 degrees below the horizon (Rozenberg, 
1963; the end of civil twilight, by comparison, 
occurs when the sun’s centre is 6 degrees below the 
horizon). Nautical twilight times for any day and 
location can be obtained from publically available 
online databases. The time interval from sunset to 
the end of nautical twilight changes daily and by 
location, generally ranging from 60 to 80 minutes 
for all locations within Southern Canada, the 
Continental United States, Central and Southern 
Europe, and Central and Southern Asia. By 
definition, the sun’s position beneath the horizon at 
the end of nautical twilight is the same at any 
location. Similarly, the sun’s position relative to the 
horizon at sunset is the same for any city by 
definition.  
 The purpose of this research is to quantify 
the effect of cloud coverage on ambient 
illumination at dusk and dawn, in order to provide 
human factors investigators with a reference tool for 
nighttime visibility re-enactments. To the best of 
our knowledge, no such study has been previously 
published. This tool will allow for improved 
investigation of dusk and dawn accidents. 
 

METHODS 
 
 In this study, we collected and analyzed 
hundreds of light meter readings at dusk and dawn 
to evaluate the influence of different cloud 
conditions on ambient illumination. 864 data points 
from sunset through nautical twilight were collected 
over 26 days in Nov. and Dec. 2015 at one suburban 
location in Toronto, Ontario, far from any artificial 
light source. There was no contribution of artificial 
light to any of the data. 145 data points from 
nautical twilight to sunrise were collected over 5 
days in Mar., Apr. and May 2016 at the same 

location. A handheld calibrated digital light meter 
(YK-10LX, Reed Instruments) was used to measure 
illuminance at one to two minute intervals.  
 The sky conditions were documented and 
photographed during data collection. The groupings 
of illuminance-time data curves that resulted were 
then meteorologically categorized by cloud 
coverage. The sky conditions observed during data 
collection ranged from clear sky to heavy rain, with 
multiple days of data collected for each condition. 
Figures 1, 2, and 3 represent the typical cloud 
condition categories that were observed.   

The times for sunset and nautical twilight on 
each day were obtained from the publically-
available Sun Altitude Table (United States Naval 
Observatory, Washington, USA) and the National 
Oceanic & Atmospheric Administration Solar 
Calculator (Earth System Research Laboratory, 
Colorado, USA). 

 

 
Figure 1: Typical image of clear skies or high elevation 
cloud cover. Note the cirrus clouds in the top right hand 
corner. 

 

 
Figure 2: Typical image of mid-elevation cloud cover. Note 
the layer of altocumulus clouds above the trees. 
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Figure 3: Typical image of low elevation full cloud cover. 
Note the large stratocumulus clouds fully covering the sky. 

 
RESULTS 

 
 Based on the observations and photographs 
taken during data collection, the cloud cover on 
each day was assessed and grouped into one of 
three categories (Table 1): clear skies/high elevation 
scattered clouds; mid-elevation clouds; or low 
elevation/fully overcast clouds (see Table 2 for a 
meteorological description of these cloud types).     
 
Table 1: Three meteorological cloud condition categories. 

Cloud Condition Description 

Category #1: Clear 
Skies or High Elevation 
Clouds 

No clouds or scattered to broken 
cirrus or cirrostratus clouds 

Category #2: Mid 
Elevation Clouds 

Varying broken altocumulus or 
altostratus clouds, with some 
scattered cirrus clouds 

Category #3: Low 
Elevation Clouds or 
Fully Overcast 

Broken to fully overcast 
stratocumulus, cumulus, stratus 
fractus, or cumulus fractus clouds 
(including actual rainfall) 

 
The collected data was normalized by 

‘percent interval to nautical twilight’ for that day 
and plotted (i.e. percent of time interval from sunset 
to the end of nautical twilight at night, or from the 
beginning of nautical twilight in morning until 
sunrise). For example, sunset in Toronto for the 26 
days of dusk data ranged from 16:41 to 16:52 EST, 
and the sunset-to-end-of-nautical-twilight interval 
on those days ranged from 67 to 70 minutes.  

The plotted results for the dusk data were 
reviewed and formed into the three distinct 
groupings with trend line curves shown in Figure 4, 
which we have named the SAIF Chart 
(Standardized Ambient Illumination Factor Chart). 

Each of these trend lines curves represents a 
specific group of weather conditions, as follows: 

The ambient illumination was lowest during 
rainfall or fully overcast conditions (Trendline ‘C’). 

The ambient illumination was highest for 
fully clear skies or mostly clear high elevation 
clouds (Trendline ‘A’), with no distinction in the 
data among this group of weather conditions. 

All other days with partially clear mid-
elevation clouds, or partially clear low elevation 
clouds, formed into the Trendline ‘B’ grouping. 

These three trend lines closely fit the data 
with R2 values of 0.906 to 0.962 as shown. The 
collected dawn data fit these trend lines as well for 
the various cloud conditions observed. Figure 5 
shows a larger scale version of the SAIF chart for 
time indices with 50 lux or less of illumination.  
   

 
 
Figure 4: The Standardized Ambient Illumination Factor 
chart, showing ambient illumination after sunset (0% = 
sunset; 100% = end of nautical twilight) for the full range 
of cloud conditions from clear (A) to fully overcast (C), see 
text for descriptions. 
 

 
 
Figure 5: Detailed view of the SAIF Chart for 0 to 50 lux. 
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DISCUSSION 
 

 The results of our study quantify, for the 
first time, the extent to which cloud cover affects 
ambient illumination at dawn and dusk. The SAIF 
chart provides forensic investigators with a time-
indexed equivalency tool based on different cloud 
conditions for visibility re-enactments as dusk or 
dawn.  

With this tool, forensic investigators will no 
longer need to wait for a day with cloud conditions 
that match those at the time of the incident in order 
to conduct a visibility assessment. The investigator 
can simply refer to the SAIF chart to determine how 
much of a time shift is required to adjust for the 
change in weather conditions between the two days 
of interest. This will allow one to properly match 
the ambient lighting levels on the day of the re-
enactment to the day of the incident, and collect 
visibility observations at the adjusted time. The 
ambient illuminance measured at the adjusted time 
will be representative of the lighting conditions that 
were present at the time of the incident.  
 The following example illustrates how the 
SAIF chart can be used for nighttime visibility 
assessments. Consider an investigator who is 
reviewing a nighttime pedestrian collision. The 
collision occurred shortly after sunset at a known 
time corresponding to 15% of the sunset-to-end-of-
nautical-twilight interval, and the sky was fully 
overcast (Trendline ‘C’ on SAIF Chart). Based on 
the SAIF chart, the ambient illuminance at the time 
of the collision would be around 24 lux. If the 
investigator wanted to conduct a visibility 
assessment at the site on a day with clear skies or 
mostly clear high elevation clouds (Trendline ‘A’), 
the SAIF chart indicates that in order for the 
visibility observations to be correct, they should be 
made at around 28% of the sunset-to-end-of-
nautical-twilight interval on such a day.  

The SAIF chart can similarly be used to 
approximate the relative difference in illuminance 
levels for different cloud conditions at a given time 
index.  

We have listed in the references two helpful 
online resources for determining sunset and nautical 
twilight times for any location in the world.  
 
 

 
Cloud Characterization 
 
 For the purpose of the research, sky 
conditions were expressed in terms of cloud cover, 
as the presence and quality of clouds in the 
atmosphere directly influences the intensity of light 
provided by the sky. Cloud cover, cloud type, and 
cloud transparency were taken into account when 
analyzing the sky conditions on each day of data 
collection. 

Firstly, cloud cover refers to the amount or 
proportion of clouds in the sky, quantified in tenths, 
and can be described as clear (0/10), scattered (1/10 
to 5/10), broken (6/10 to 9/10), and overcast 
(10/10).  
 Secondly, cloud types are characterized by 
their height in the atmosphere: low (surface to 
2000m), mid (2000m to 5000m), and high (5500m 
to 11000m). The World Meteorological 
Organization (WMO) recognizes ten basic types of 
clouds (Table 2).  
 
Table 2: The ten types of clouds defined by WMO 

Type Height Description 

Nimbostratus Low 
Dark and dense layer 
cloud; thick enough to 
block out the sun 

Stratocumulus Low 
Large layer cloud; presents 
as rounded masses or 
grouped waves 

Stratus Low 
Grey layer cloud with 
uniform base 

Cumulus Low 
White and dense detached 
cloud with sharp outlines 

Cumulonimbus Low 
Heavy and dense cloud 
associated with 
precipitation 

Altocumulus Mid 
White or grey layer cloud 
composed of rolls or 
rounded masses 

Altostratus Mid 
Grey or blue layer cloud; 
thin enough to reveal the 
sun 

Cirrus High 
White detached cloud; 
appears fibrous 

Cirrocumulus High 
White and thin layer cloud 
composed of grains and 
ripples 

Cirrostratus High 
Transparent cloud; appears 
fibrous and smooth 

 

Proceedings of the Human Factors and Ergonomics Society 2016 Annual Meeting 473



 Finally, the degree of cloud transparency 
also plays a role in determining the amount of 
illuminance available in the sky. A transparent 
cloud allows 90-100% of the available light to pass 
through, meaning most of the sunlight can reach the 
ground. A translucent cloud is thick enough to 
impede the view of the sky, despite allowing 50-
80% of the available light to pass through. Thick 
layers of dark clouds are considered opaque, as 
neither the sun nor the sky can be viewed from the 
ground. Opaque clouds allow 50% of the available 
light to pass through.  
 

CONCLUSIONS 
 

 The authors acknowledge the limitations of 
the current study, including the relatively limited 
number of data points for a standardized reference 
tool. Additional verification of the normalized 
illuminance curves at other locations (in particular 
with mountainous topology) around the world 
during different seasons using different light meters 
is recommended. Further expansion of the database 
to include snowfall conditions would also prove 
beneficial to forensic investigators. 

Regardless, the discrete groupings that 
developed from the collected data in this paper 
allow one to apply the SAIF chart to dusk or dawn 
visibility assessments with only layman’s 
observations of the cloud conditions at the time of 
the assessment. 
 We anticipate that the development of the 
SAIF chart for nighttime visibility assessments will 
prove an invaluable resource for investigators and 
human factors experts in forensic engineering.  
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