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Abstract 

This study describes a method to derive a profile of the road surface luminance in long 
tunnels based on visual performance and visual comfort and its implementation in an excel 
file, which is freely available to anybody with an interest. The method presents an alternative 
approach to the dimensioning of tunnel lighting, compared with the method of CIE 88:2004 
(CIE, 2004). As a minimum, the method can be used to reveal the influence of various 
parameters, such as the age of the driver. If accepted to a sufficient degree, the method can 
be used as a starting point for the design of tunnel lighting installations or modification of 
national standards. 

Calculations show in particular a strong influence of the driving speed – or rather with the 
stopping distance associated with the driving speed. At low to medium driving speeds, the 
transition zones can be shorter than reflected by the standard curve from (CIE, 2004). 

Keywords: Tunnel lighting, Visibility level, Visual performance, Visual comfort, Calculation tool 

1 Introduction 

CIE 88:2004 (CIE, 2004), supplies: 

 Methods based on the visibility of a small object to determine the Lth value, which is 
the road surface luminance at the tunnel entrance. 

 A standard curve for the road surface luminance through the threshold and transition 
zones. 

Most national standards on tunnel lighting use this or similar approaches.  

The standard curve is traditionally assumed to represent adaptation over 25 seconds of 
driving. The curve is based on old experiments. 

More recent experiments carried out by Eran Aronson (Aronson, 2013) indicate that observers 
can adapt from high luminance levels of 6-8000 cd/m2 down to low levels of 2 cd/m2 in 5 
seconds.  

This may indicate that adaptation is so fast, that it is not the main issue to be concerned with. 
Accordingly, the Lth value and the curve of the road surface luminance may be replaced by a 
profile of the road surface luminance based on visibility.  

This paper presents a method, in which the profile of the road surface luminance is based on 
the visibility of a small object placed at the stopping distance in a range of locations from the 
tunnel entrance and well into the inner zone. The method does not include the exit zone. 

The visibility is expressed by a minimum visibility level, VL of 5. It is calculated in accordance 
with Werner Adrian (Adrian, 1989). The calculations include all factors, such as disability 
glare, drivers age and exposure time. 

However, when taking only visibility into account, the profile may in some cases show a fast 
decrease that may cause visual discomfort. For this reason, a limit to the rate of the decrease 
is introduced as an additional criterion for visual comfort. 
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This criterion is based on a statement by Duco Schreuder (Schreuder, D, 1987):  

”After the threshold zone, the luminance may gradually decrease towards the tunnel interior in 
such a way that the light level is not below the (temporal) adaptation. Experiments have 
suggested that a reduction in luminance of a factor of 10 in about 2 of 3 seconds can be 
tolerated, although some discomfort may arise. The corresponding region is called the 
transition zone”. 

The visual comfort criterion is expressed as a minimum time of 5 seconds for a luminance 
decrease of a factor of 10. 

In order to obtain comparability to values traditionally used, two additional criteria are 
introduced, both are optional: 

 The value of the road surface luminance of the interior zone, Lin. 

 A maximum road surface luminance, normally acting only in the threshold zone. 

The method has some additional input parameters that include the driving speed, the stopping 
distance, the transmittance of the windscreen and different sources of disability glare.  

The results include a profile of the road surface luminance and a number of additional values. 

The excel file can be used to analyse the influence of various parameters, such as the age of 
the driver or, if accepted to a sufficient degree, as a starting point for the design of a tunnel 
lighting installation. 

The method is implemented in an excel file, there are no claims to any part of the method and 
the file is freely available to anybody with an interest. 

2 Method 

The method provides the profile of road surface luminance values that brings compliance with 
the relevant criteria mentioned below. This is done in a simulated drive, which is actually 
repeated a number of times so that the profile converges in an iterative process.   

In a drive, the driver starts a location of one stopping distance in front of the tunnel, and 
moves in steps of one tenth of the stopping distance. 

The first important criterion is that the driver is able to discriminate an object one stopping 
distance ahead with a minimum visibility level in circumstances defined by a number of input 
values. If lower/higher, the road surface luminance at the location of the object is raised / 
reduced. This is a visibility criterion. 

A second criterion is that the road surface luminance value at a location must not be lower 
than a particular fraction of the value at the previous location. If too low, the value is raised in 
order to bring compliance with the criterion. This is a visual comfort criterion. When relevant, 
it overrules the visibility criterion causing a local raise of the visibility level. 

The road surface luminance falls gradually towards a constant level Lin, which marks the start 
of the interior zone. The value of Lin is determined by the visibility criterion, but can be 
replaced by a value entered as an input value. This causes a calculation of the actual visibility 
level which, in order to provide a smooth transition, is introduced internally already for the 
transition zone. This is an optional criterion for the luminance in the interior zone. 

There is an additional criterion that the road surface luminance cannot exceed a certain 
maximum value, which is preset to 1000 cd/m2. It has the simple effect to override the other 
criteria locally, and thereby cause a decrease of the local visibility level. This could happen in 
particular at locations in the threshold zone – notably the Lth value at the tunnel entrance. 

The procedure is governed by the above-mentioned criteria, and by several input values. 
These are shown in Figure 1, and introduced below. 
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Figure 1 – Input Values 

2.1 Driving input values 

The design driving speed can be set to 60, 70, 80, 90, 100 or 110 km/h. A choice of speed 
leads to a setting also of the stopping distance by reference to tables of national stopping 
distances. The actual table is selected by placement of a mark as shown in Figure 2. It is 
possible to insert stopping distances for other countries and to use these in the calculations. 

 

Figure 2 – National tables of stopping distances. 

The driver age is preset to 60 years in an attempt to represent the majority of drivers. 
Changes to lower or higher age values lead to fairly strong changes of road surface 
luminance levels as both the need for luminance and the sensitivity to disability glare increase 
with age.  

The transmittance factors for the wind screen and the atmosphere have the same meaning as 
in CIE 88:2004 (CIE, 2004). 

2.2 Visual task input values 

In agreement with CIE 88:2004 (CIE, 2004), the object is a vertical square surface with a 
preset size of 0.2 m and a reflectance of 0.2.  

Also in agreement with CIE 88:2004, the intrinsic contrast is preset to -68 %, as calculated for 
a lighting installation with a contrast revealing coefficient qC of 0,2 for symmetrical lighting. An 
alternative value is -89% as calculated for a lighting installation with a contrast revealing 
coefficient qC of 0.6 for counter beam lighting.  

A further input value is the exposure time of the object, which is set to 0.5 seconds. This is 
the only input value that is not readily available for modification. 

2.3 Disability glare input values 

Glare caused by daylight is indicated by a value of the total equivalent veiling luminance Lseq, 
which applies for the reference location of the driver one stopping distance in front of the 
tunnel. The value of Lseq should include all the sources of veiling luminance mentioned in CIE 
88:2004 (CIE, 2004): the equivalent veiling luminance from the surroundings to the tunnel, 
atmospheric veiling luminance and windscreen veiling luminance. 

As the road surface luminance is calculated not only for the reference location of the driver, 
but also for a number of locations during his approach to the tunnel, it is necessary to provide 
fractions for the Lseq value at the other locations. Therefore, a string of 11 fractions is supplied 
as shown in Table 1. 
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Table 1 – Fractions for the total daylight Lseq starting at the reference location and ending at the 
tunnel entrance 

 

These fractions have been derived as averages for a number of tunnels in Norway (Sorensen, 
2018) 

The degree of glare D applies for the glare caused by the luminaires of the tunnel lighting 
installation and is used to determine the Lseq value as D times the local road surface 
luminance at the location of the driver.  

Accordingly, this source of glare is applied only for locations of the driver inside of the tunnel, 
i.e. for the transition and interior zones. Reasonable values of D can be evaluated by means 
of the maximum values of the threshold increment TI provided in EN 13201-2:2015 Road 
lighting - Part 2: Performance requirements. (EN, 2015) 

Other glare sources may for instance be emergency escape lights or delineator lights. 
However, the main aim is the glare caused by headlamps on oncoming vehicles in dual traffic 
tunnels. Some typical Lseq values are shown in Table 2, which has been copied from the 
report for COST action 331, Requirements for Horizontal Road Marking, European 
Communities 1999. (COST action 331) 

Table 2 – Values of Lseq (cd/m2) for glare from headlamps of oncoming vehicles. 

Number of 
oncoming 
vehicles 

Lateral separation to oncoming 
vehicles 

 
3,5 m 7,0 m 10,5 m 14,0 m 

1 0,098 0,024 0,011 0,006 
2 0,196 0,049 0,022 0,012 
3 0,294 0,073 0,033 0,018 
4 0,392 0,098 0,044 0,024 
5 0,490 0,122 0,054 0,031 

2.4 Criteria input values 

The last group of input data relates to the criteria for the road surface luminance and includes: 

 a minimum value of the visibility level VL, 

 the maximum rate at which the road surface luminance can decrease, measured in 
seconds for a decrease of the luminance by a factor 10, t10, 

 an optional value of the road surface luminance Lin in the interior zone, 

 a maximum value of the road surface luminance in all zones.  

VL is the visibility level describing the visibility of the object. The minimum value for detecting 
the object is 1, but in practice the value should be higher to ensure that a driver can detect 
objects in real situations. The value of VL has been preset to 5. The VL value has a strong 
influence on the level of road surface luminance. 

Another criterion concerns visual comfort and is the minimum time measured in seconds for a 
decrease of the luminance by a factor 10, t10. The preset value of 5 seconds seems to be 
relevant, but higher values could be considered. This criterion has an influence on the road 
surface luminance in the threshold and transition zones only. 

Lin is the luminance in the interior zone. If the input field is left empty, the above-mentioned 
VL criterion is applied in all the zones. This criterion has been introduced as an acceptance 
that the Lin value is in practice often set on the basis of other criteria than just visibility. 

The maximum value for the road surface luminance has been introduced because certain 
combinations of input values – for instance a high age of the observer, a high visibility level, a 
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small object and a long stopping distance – can cause unrealistic high value of Lth. It is 
preferable to set a suitable maximum and then find other solutions – for instance assuming 
that drivers of high age are willing to reduce speed.   

3 Results 

The results of a calculation are a profile of the road surface luminance within the tunnel, a 
profile of VL and a number of additional values such as the initial luminance in the threshold 
zone Lth, the luminance in the interior zone Lin, the length of the transition zone, the duration 
of the drive in the transition zone and the k-factor. Using the input parameters from Figure 1 
the results in Figure 3 can be obtained. 

 

Figure 3 – Results of a calculation. 

A separate box with additional input and results for a second driver of a different age and/or 
with a different driving speed may for instance be used to investigate the conditions for a 
driver of a high age, see Figure 4.  

This box shows in particular that a driver of 75 years mostly has conditions as good as a 
driver of 60 years – if he reduces the speed by 10 km/h.  

 

Figure 4 – Additional input and results for a second driver. 

4 Examples 

This section contains examples on the road surface luminance at different driving speeds. 
The stopping distances from CIE 88:1990 (CIE, 1990) have been used in the calculations.  

Figure 5 shows luminance profiles for driving speeds of 60, 80 and 110 km/h with associated 
stopping distances of respectively 60, 100 and 160 m. The marks on the profiles indicate the 
ends of the threshold and transition zones. 
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It is seen that the driving speed has a strong influence on the initial luminance in the 
threshold zone Lth, the length of the transition zone and the luminance in the interior zone Lin. 
It is actually the stopping distances associated with the driving speeds, not the driving speeds 
themselves, which have this strong influence on the results. Accordingly, Figure 5 can be 
understood as providing the influence of stopping distances of 60, 100 and 160 m.  

 

Figure 5 – Influence for different driving speeds. 

5 Conclusions 

A method to derive a profile of the road surface luminance based on visual performance and 
visual comfort has been established and implemented in an excel file. The method presents 
an alternative approach to the dimensioning of tunnel lighting, compared with the method of 
CIE 88:2004 (CIE, 2004) that involves calculation of a single road surface luminance at the 
tunnel entrance and use of a standard relative curve for all other locations in the tunnel. 

As a minimum, the method can be used to reveal the influence of various parameters, such as 
the age of the driver. If accepted to a sufficient degree, the method can be used as a starting 
point for the design of tunnel lighting installations or modification of national standards. 

Calculations show in particular a strong influence of the driving speed – or rather with the 
stopping distance associated with the driving speed. At low to medium driving speeds, the 
transition zones can be shorter than reflected by the standard curve. 

The method is implemented in an excel file that is freely available. The excel file has not 
necessarily found its final form and can be adapted to specific applications and other input 
data.  
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