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ABSTRACT  

Mesopic lighting applications include those 
where our visual system is working in the 
mesopic state, i.e. both the rod and cone 
photoreceptors on the retina are active. The 
mesopic luminance region covers 
luminances between about 0.001-5 cd/m2. 
One particularly important mesopic 
application is road and street lighting, since 
the visual environment in night-time driving 
conditions falls largely in the mesopic 
luminance region. It is especially the higher 
part of the mesopic luminance region that is 
of importance for practical applications and 
for which a practical system of mesopic 
photometry is very much needed.  

The work of the CIE TC1-58 ‘Visual 
Performance in the Mesopic Range’ (2004-
2009) has resulted in the recommendation of 
a model for the basis of visual performance 
based mesopic photometry [1]. The use of 
mesopic dimensioning changes the luminous 
output and consequently the luminous 
efficacy orders of lamps. In this paper the 
new system for mesopic photometry is 
applied in road lighting, i.e. in calculation of 
luminous efficacy of lamps and comparison 
of electrical energy use of road lighting. The 
implications of the mesopic photometry for 
outdoor lighting are discussed. 

Keywords: mesopic photometry, outdoor 
lighting, luminance, luminous efficacy  

1. INTRODUCTION  

The mesopic luminance region covers a 
range of luminances between the scotopic 
and photopic regions. The spectral sensitivity 
of the eye is not constant within the mesopic 
region, but changes with light level. Thus, 
instead of one spectral sensitivity function, 
several functions are needed, together with 
defined procedure for using these functions 
in a photometric measurement system. 
Thus, several spectral sensitivity functions 
are needed and a model to incorporate 
them. To be internationally accepted and 
used, a new mesopic photometric system 
has to be adopted and recommended by the 
CIE [2]. The CIE TC1-58 has now proposed 
a model  

for the basis of performance based mesopic 
photometry, this is appropriate mesopic 
spectral sensitivity functions to serve as the 
foundation of a system of mesopic 
photometry based on visual performance.  

2. THE PROPOSED MESOPIC SYSTEM 

The CIETC1-58 recommended system for 
mesopic photometry describes spectral 
luminous efficiency, Vmes(λ), in the mesopic 
region as a linear combination of the 
photopic spectral luminous efficiency 
function, V(λ), and the scotopic spectral 
luminous efficiency functiion, V'(λ), and 
establishes a gradual transition between 
these two functions throughout the mesopic 
region. It has an upper luminance limit of 5 
cd/m-2 and a lower luminance limit of 0,005 
cd/m-2 [1]. 

The system is of the form: 

M(m)Vmes(λ) = mV(λ) + (1-m)V’(λ)        (1) 

for 0 � m � 1  

and 
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where 

M(m) is a normalizing function such that 
Vmes(λ ) attains a maximum value of 1 

Vmes(λ0) is the value of Vmes(λ) at 555 nm 

Lmes is the mesopic luminance 

Le(λ) is spectral radiance [W·m-2·sr--1·nm-1] 

The recommended system can be 
implemented in practice alongside the 
current photopic and scotopic systems. 
Indeed the new system provides a 
comprehensive system for measuring and 
specifying light at all levels, from the high 
photopic through to the low scotopic. Under 
this system, only one spectral weighting 
function can apply for any given absolute 
spectral radiance distribution and therefore 
only one luminance value can be determined 
for any given situation, without the need to 
designate it as falling in the ‘photopic’, 
‘scotopic’ or ‘mesopic’ region.  
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For calculating mesopic luminances 
using the mesopic system the light source 
spectral data is needed as input value. The 
S/P-ratio of a light source is the ratio of the 
luminous output evaluated according to the 
scotopic function, V’(λ), to the luminous 
output evaluated according to the photopic 
function, V(λ) [3]. The TC1-58 mesopic  
system can be applied using an Excel-file, 
where the S/P-ratio and the photopic 
luminance are given as input values and the 
result is the corresponding mesopic 
luminance. 

 One means of applying the mesopic 
system is to use tabulated values given for 
the adaptation coefficient m and mesopic 

luminance as a function of photopic 
luminance and light source S/P-ratio.  

The values of the adaptation coefficient m
and mesopic luminance Lmes given by the 
mesopic system as a function of photopic 
luminance and light source S/P-ratio are 
presented in Table 1. The lamp notations 
LPS (low pressure sodium), HPS (high 
pressure sodium) and MH (metal halide) on 
the left side of the table refer to the typical 
regions of S/P-ratios of these lamp types. At 
photopic luminances of 5 cd⋅m-2 the 
coefficient m has a value of 1 and the 
mesopic luminance is therefore 5 cd⋅m-2, 
thus the photopic luminance 4,5 cd⋅m-2 is 
more informative and is given in the table. 

Table 1. a) The values of m given by the mesopic system as a function of photopic 
luminance and S/P-ratio. b) the values of Lmes given by the mesopic system as a function of 
photopic luminance and S/P-ratio.  

m
S/P 0,01 0,03 0,1 0,3 1 3 4,5

LPS ∼ 0,25 0,1542 0,3830 0,5644 0,7538 0,9225 0,9841

0,35 0,1804 0,3920 0,5688 0,7558 0,9230 0,9842

0,45 0,0000 0,1992 0,4000 0,5730 0,7576 0,9235 0,9843
0,55 0,0190 0,2140 0,4073 0,5770 0,7594 0,9240 0,9844
0,65 0,0459 0,2265 0,4139 0,5808 0,7612 0,9245 0,9845

0,75 0,0655 0,2373 0,4201 0,5844 0,7629 0,9249 0,9846

0,85 0,0812 0,2468 0,4258 0,5878 0,7646 0,9254 0,9846

0,95 0,0943 0,2553 0,4311 0,5911 0,7662 0,9258 0,9847

1,05 0,1057 0,2631 0,4361 0,5942 0,7678 0,9263 0,9848

MH warm 1,15 0,1157 0,2702 0,4408 0,5972 0,7693 0,9267 0,9849

white ~ 1,25 0,1247 0,2767 0,4452 0,6001 0,7708 0,9272 0,9850

1,35 0,1329 0,2828 0,4494 0,6029 0,7723 0,9276 0,9851

1,45 0,1404 0,2885 0,4534 0,6056 0,7737 0,9280 0,9852

1,55 0,1473 0,2939 0,4573 0,6082 0,7751 0,9284 0,9853

1,65 0,1538 0,2990 0,4609 0,6107 0,7764 0,9289 0,9853

1,75 0,1598 0,3038 0,4645 0,6131 0,7778 0,9293 0,9854

1,85 0,1654 0,3083 0,4678 0,6155 0,7791 0,9297 0,9855

1,95 0,1708 0,3126 0,4711 0,6178 0,7803 0,9301 0,9856

2,05 0,1758 0,3168 0,4742 0,6200 0,7816 0,9304 0,9857

2,15 0,1806 0,3207 0,4772 0,6221 0,7828 0,9308 0,9857

2,25 0,1852 0,3245 0,4801 0,6242 0,7840 0,9312 0,9858

MH day- 2,35 0,1895 0,3282 0,4830 0,6263 0,7852 0,9316 0,9859
light ∼ 2,45 0,1937 0,3317 0,4857 0,6283 0,7863 0,9319 0,9860

2,55 0,1977 0,3351 0,4883 0,6302 0,7875 0,9323 0,9860
2,65 0,2015 0,3383 0,4909 0,6321 0,7886 0,9327 0,9861
2,75 0,2052 0,3415 0,4934 0,6339 0,7896 0,9330 0,9862

HPS ∼

Photopic luminance cd·m-2
a
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L mes

S/P 0,01 0,03 0,1 0,3 1 3 4,5
LPS ∼ 0,25 0,0025 0,0145 0,0705 0,2467 0,9130 2,9265 4,4782

0,35 0,0035 0,0174 0,0750 0,2545 0,9253 2,9367 4,4812

0,45 0,0045 0,0198 0,0793 0,2620 0,9373 2,9468 4,4842
0,55 0,0057 0,0220 0,0834 0,2693 0,9492 2,9568 4,4872
0,65 0,0069 0,0239 0,0873 0,2764 0,9608 2,9666 4,4901

0,75 0,0079 0,0258 0,0911 0,2833 0,9722 2,9763 4,4929

0,85 0,0088 0,0275 0,0947 0,2901 0,9835 2,9859 4,4958

0,95 0,0096 0,0292 0,0983 0,2967 0,9945 2,9953 4,4986

1,05 0,0104 0,0308 0,1017 0,3032 1,0054 3,0046 4,5014

MH warm 1,15 0,0111 0,0323 0,1051 0,3096 1,0161 3,0139 4,5041

white ~ 1,25 0,0118 0,0338 0,1083 0,3158 1,0267 3,0230 4,5068

1,35 0,0125 0,0353 0,1115 0,3220 1,0371 3,0319 4,5095

1,45 0,0132 0,0367 0,1147 0,3280 1,0473 3,0408 4,5122

1,55 0,0138 0,0381 0,1178 0,3339 1,0575 3,0496 4,5148

1,65 0,0145 0,0395 0,1208 0,3398 1,0674 3,0582 4,5174

1,75 0,0151 0,0408 0,1238 0,3455 1,0773 3,0668 4,5200

1,85 0,0157 0,0421 0,1267 0,3512 1,0870 3,0753 4,5225

1,95 0,0163 0,0434 0,1295 0,3568 1,0966 3,0836 4,5250

2,05 0,0169 0,0446 0,1324 0,3623 1,1060 3,0919 4,5275

2,15 0,0174 0,0459 0,1352 0,3677 1,1154 3,1001 4,5299

2,25 0,0180 0,0471 0,1379 0,3731 1,1246 3,1082 4,5323

MH day- 2,35 0,0185 0,0483 0,1406 0,3784 1,1338 3,1162 4,5347
light ∼ 2,45 0,0191 0,0495 0,1433 0,3836 1,1428 3,1241 4,5371

2,55 0,0196 0,0506 0,1459 0,3888 1,1517 3,1319 4,5395
2,65 0,0201 0,0518 0,1485 0,3939 1,1605 3,1396 4,5418
2,75 0,0207 0,0529 0,1511 0,3989 1,1693 3,1473 4,5441

Photopic luminance cd·m-2
b

HPS ∼

3. COMPARISON OF LIGHT SOURCES 

Table 2 shows S/P-ratios of light sources 
used in outdoor lighting. It should be noted 
that the S/P-ratios corresponding to common 
lamp types indicated in Table 2 should be 
considered as typical, as the S/P-ratio varies 
even within the same lamp group depending 
on the lamp type and wattage. Light sources 
with S/P > 1 have higher content of their 
spectral output in the short wavelength 
region and are thus mesopically more 
efficient than light sources with S/P < 1. 

Table 2. Typical S/P-ratios (scotopic-to-
photopic luminous output) of light sources 
used in outdoor lighting. 

Lamp type S/P-ratio

Low pressure sodium 0,25
High pressure sodium 0,60
High pressure mercury 1,05
LED warm white 1,15
Metal halide, warm white 1,45
LED cool white 2,15
Metal halide, daylight 2,45

In the following, a 70W high pressure 
sodium lamp (HPS) and a 70 W metal halide 
lamp (MH) are compared in terms of 
mesopic dimensioning. The spectra of the  

two lamps are shown in Figure 1. The S/P-
ratio of the HPS lamp is S/P=0,52 and that of 
the MH lamp is S/P=1,76. 

Figure 1. Relative spectral power distribution 
of a HPS lamp (S/P=0,52; CCT=2000 K) and 
a MH lamp (S/P=1,76; CCT=4200 K).  
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The photopic luminous efficacy (i.e. 
radiant power weighted according to the 
photopic V(λ)) of the 70 W HPS lamp is 95 
lm/W and that of the 70 W MH lamp is 85 
lm/W. Figure 2a shows the luminous efficacy 
of the lamps in the mesopic luminance 
region as a function of photopic luminance. 
The mesopic dimensioning favours the MH 
lamp as it has a relatively higher radiant 
output in the short wavelength region. In 
using the mesopic dimensioning the 
luminous efficacy of the MH lamp at Lp=0,5 

cd/m2 is 95 lm/W and that of the HPS lamp 
is 87 lm/W.  

Figure 2 b shows the mesopic to photopic 
luminous efficacy of a cool white LED 
(S/P=2,03), warm white LED (S/P=1,15), 
high pressure mercury vapour lamp 
(S/P=1,05) and a high pressure sodium lamp 
(S/P=0,60) as a function of photopic 
luminance.  

Figure 2. a) Luminous efficacy of a 70 W HPS lamp and a 70 W metal halide lamp when 
using the CIETC1-58 mesopic photometric system. b) Ratio of mesopic and photopic 
luminous efficacy of a cool white LED, warm white LED, mercury vapour lamp and high 
pressure sodium lamp.  

4. MESOPIC DIMENSIONING AND 
ENERGY EFFICIENCY 

The design criteria for average road surface 
luminances in the European and US road 
lighting recommendations fall in the range of 
0.3 - 2 cd/m2 [4, 5]. The European 
recommendations for horizontal illuminances 
on e.g. pedestrian and cyclist ways are 
between 2-15 lx [4]. In the following 
luminaire spacing is optimised for urban 
streets with lighting classes ME4b and ME5 
using different light sources and luminaires. 
The luminaire spacing, luminaire power 
consumption per kilometre and 
corresponding yearly energy costs are 
calculated. The yearly energy costs of the 
installations (Eur/km, a) are calculated using 
energy price of 0,10 Eur/kWh and burning 
hours of 3900 h/a. It should be noticed that 
the alternative installations are compared 
only in terms of energy use; the investment 
and the maintenance costs are not 
considered in this comparison.  

Luminance calculations using the DIALux 
software were made for the luminaires, for 
which the luminous intensity distribution 
curves, luminaire power consumption and 

light source S/P-ratios were measured at the 
Lighting Unit. The calculations are made 
using both the photopic and mesopic 
dimensioning. 

4.1 Lighting class ME4b 

In this example the lighting installation of an 
urban street is designed to fulfil the ME4b 
lighting class of the European 
recommendation EN 13201-2 [4]; average 
road surface luminance Lave=0.75 cd/m2, 
overall luminance uniformity U0=0,40, 
longitudinal luminance uniformity Ul=0,50. 
The luminaires chosen for the calculations 
represent luminaires currently on the market; 
one with 100 W HPS lamp (S/P=0,56),  a 84 
W LED luminaire (S/P=1,93) and a 150 W 
LED luminaire (S/P=1,16). The calculations 
were made for a two-lane road with road 
width 7 m. The mounting heights of the 
luminaires (7,5-10 m) and the luminaire 
overhangs were optimised for each 
luminaire. 

Table 3a shows the luminaire spacing 
(m), corresponding power consumption per 
kilometre (kW/km) and yearly energy costs 
for the installation (Eur/km, a). 
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The luminaire spacing for the three 
luminaires varies due to different luminous 
efficacy and optical characteristics of the 
luminaires. In using the photopic 
dimensioning (Lp=0.75 cd/m2), the 
installation with the HPS lamp has the lowest 
energy consumption (kW/km), but the 
energy consumption of the cool white LED 
luminaire is only 4% higher. For the warm 
white LED luminaire the yearly energy 
consumption in this case is almost two-fold 
higher.   

In using the CIETC1-58 mesopic system 
the pole spacing is optimised in order to 
reach the same average mesopic luminance 
Lmes=0.75 cd/m2 and fulfil the luminance 
uniformity requirements with different 
luminaires. The use of mesopic 
dimensioning changes the luminous efficacy 
of the luminaires and thus the luminaire 
spacing and energy costs.    

4.2 Lighting class ME5 

In this example the lighting installation of 
an urban street is designed to fulfil the ME5 
lighting class of the European 

recommendation EN 13201-2 [4]; average 
road surface luminance Lave=0,50 cd/m2, 
overall luminance uniformity U0=0,35, 
longitudinal luminance uniformity Ul=0,40. 
The calculations were made for two 
luminaires, one with 70 W HPS lamp 
(S/P=0,54), and the other with a 59 W LED 
luminaire (S/P=1,98). The calculations were 
made for a two-lane road with road width 7 
m. The mounting heights of the luminaires 
were 10 m and the luminaire overhangs 
were 0-1 m.  

Table 3 b shows the luminaire spacing 
(m), energy consumption (kW/km) and 
yearly energy costs (kW/km, a) for the 
installations using both the photopic and the 
CIETC1-58 mesopic dimensioning.  

The mesopic dimensioning favours the 
LED luminaire with cool white LEDs due to 
the high S/P-ratio. In using the photopic 
dimensioning the energy costs of the HPS 
lamp installation are 21% higher than those 
of the LED installation, while using the 
mesopic dimensioning the energy costs of 
the HPS lamp installation are 53% higher.  

Table 3. Two street lighting installations a) lighting class ME4b and b) ME5 with different 
luminaires. Luminaire power consumption (incl. ballast/driver), luminaire spacing (m), energy 
consumption (kW/km) and yearly energy costs (Eur/km, a) using photopic dimensioning (Lp) 
and mesopic dimensioning (Lmes).  

4.3 Remarks 

It should be noted, that the calculations in 
Table 3 are examples of using the mesopic 
dimensioning. The road lighting calculations 
are always dependent on the chosen 
parameters; road and luminaire  

arrangements, lamp and luminaire types and 
so on. The cases in Table 3 do however 
indicate, that the use of the mesopic 
photometry at lighting levels encountered in 
outdoor lighting does have an impact on the 
visibility conditions and on the energy use of 

a) 

ME4b

Total power S S
W m kW/km Eur/km,a m kW/km Eur/km,a

HPS 100W, S/P=0,56 113,6 43 2,64 1030 40,5 2,80 1094

LED 84 W, S/P=1,93 110,1 40 2,75 1073 44 2,50 976

LED 150 W, S/P=1,16 135,1 29 4,66 1817 30 4,50 1756

ME5

Total power S S
W m kW/km Eur/km,a m kW/km Eur/km,a

HPS 70 W, S/P=0,54 84,1 40 2,10 820 33 2,55 994

LED 59 W, S/P=1,98 79,9 46 1,74 677 48 1,66 649

Lp=0,75 cd/m2 Lmes=0.75 cd/m2

Luminaire/lamp

Lp=0,50 cd/m2 Lmes=0.50 cd/m2

Luminaire/lamp

b) 
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the installations. The effect of mesopic 
photometry increases with decreasing light 
level. Also, the higher the S/P-ratio, the 
better the light source in terms of mesopic 
design.  

At the higher luminance levels of the 
current road lighting recommendations the 
impact of mesopic photometry is small. For 
example for the lighting class ME1 (Lave=2 
cd/m2) the differences between photopic and 
mesopic luminances are small, but at the 
lower lighting classes the differences 
increase. Also, the recommended 
illuminance values in e.g. pedestrian and 
cyclist way lighting are in the region, where 
the mesopic dimensioning has a notable 
impact.  

5. CONCLUSIONS  

The use of the recommended system for 
mesopic photometry, instead of the photopic 
V(λ),  to calculate the luminous efficacy of 
the light sources currently used in outdoor 
lighting applications can result in a significant 
change in their apparent efficacy. Lamps 
with a relatively high output in the short 
wavelength region (S/P-ratio > 1) have an 
increased luminous output when measured 
using the recommended mesopic system, 
whereas lamps with relatively high output in 
the long wavelength region result in 
decreased luminous output values.  

The impact of using the recommended 
system increases with decreasing light level. 
For example the luminous efficacy of a 70 W 
high pressure sodium lamp according to the 
photopic weighting is 95 lm/W, while its 
luminous efficacy at Lp=0.5 cd/m2 according 
to the mesopic weighting is 87 lm/W. A 70 W 
metal halide lamp, on the contrary, has a 
photopic luminous efficacy of 85 lm/W, while 
at Lp=0.5 cd/m2 the luminous efficacy 
according to the mesopic dimensioning is 95 
lm/W. 

The mesopic design will provide means 
to optimise outdoor lighting both in terms of 
human visual performance and energy use. 
As mesopic dimensioning favours ‘white’ 
light sources with high S/P-ratio, the extra 
benefits from using the mesopic design are 
good colour rendering characteristics of the 
lighting.  

It is foreseen that the adoption of 
mesopic photometry will promote the 
development of mesopically optimised 
lighting products. It will give the 
manufacturers foundations on which to 
develop light sources that are optimised for 
low light level applications. This will result in 
better energy-efficiency and visual 
effectiveness in outdoor lighting conditions.  

REFERENCES 

[1] Puolakka M, Halonen L. (2010). CIE New 
System for Mesopic Photometry. In Proc 
Session CIE Lighting Quality & Energy 
Efficiency 2010.  

[2] Orreveteläinen P., Eloholma M., Halonen 
L. (2007). Mesopic spectral sensitivity and 
related CIE standardisation work.In Proc 
26th Session CIE, CIE 2007;178,D1-34 -D1 
37. 

[3] Rea MS, Bullough JD, Freyssinier-Nova 
JP, Bierman A. (2004). A proposed unified 
system of photometry. Lighting Res. 
Technol. 36, 85-111. 

[4] Comité Européan de Normalisation 
(2003). CEN. prEN 13201-2: Road lighting – 
Part 2: Performance requirements. CEN/TC 
169/226. 

[5] Rea MS (Ed.) (2000). IESNA Lighting 
Handbook: Reference and application, 9th

Edition. New York: Illuminating Engineering 
Society of North America.  

Authors: 

M.Sc. Anne Ylinen 
Aalto University School of Science and 
Technology, Lighting Unit 
P.O. Box 13340; 00076 AALTO; Finland 
Tel +358 9 4702 2403 
Fax +358 9 47024982 
anne.ylinen@tkk.fi 

Dr Marjukka Puolakka 
Aalto University School of Science and 
Technology, Lighting Unit 
P.O. Box 13340; 00076 AALTO; Finland 
Tel +358 9 47024981 
Fax +358 9 47024982 
marjukka.puolakka@tkk.fi 

Prof Liisa Halonen 
Aalto University School of Science and 
Technology, Lighting Unit 
P.O. Box 13340; 00076 AALTO; Finland 
Tel +358 9 47022418 
Fax +358 9 47024982 
liisa.halonen@tkk.fi 




