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CIE  Techn ical  Notes  (TN)  are  concise  techn ical  papers  summarizing  i n formation  of 
fundamental  importance  to  CIE  Members  and  other stakeholders,  wh ich  e i ther have  been  
prepared  by a  TC,  i n  wh ich  case  they wi l l  usual l y form  on l y a  part of the  ou tputs  from  that TC,  
or through  the  auspices  of a  Reportersh ip  establ i shed  for the  purpose  i n  response  to  a  need  
i denti fied  by a  D ivis ion  or D ivis ions.  

Th is  Techn ical  Note  has  been  prepared  by CI E  Join t Techn ical  Committee  1  of D ivis ion  1  
“Vis ion  and  Colour” ,  D ivis ion  2  “Phys ical  Measurement of L igh t and  Rad iation " ,  D ivis ion  4  
“Lighting  and  S ignal l i ng  for Transport” ,  and  Divis ion  5  “Exterior L ighti ng  and  Other 
Appl ications” .  The  document reports  on  curren t knowledge and  experience  wi th in  the  speci fic 
fie l d  of l i gh t and  l i gh ting  described ,  and  is  in tended  to  be  used  by the  CIE  membersh ip  and  
other i n terested  parties.  I t  shou ld  be  noted ,  however,  that the  status  of th is  document i s  
advisory and  not mandatory.   

Any mention  of organ izations  or products  does  not impl y endorsement by the  CIE.  Whi lst  
every care  has  been  taken  i n  the  compi lation  of any l i s ts,  up  to  the  time of going  to  press,  
these  may not be  comprehensive.   
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Summary 

This  Techn ical  Note  defines  the  method  for calcu lating  the  adaptation  coefficient to  be  used  i n  
con j unction  wi th  the  equations  of the  mesopic photometry system  defined  in  CIE  1 91 : 201 0  
(CIE,  201 0) ,  wh ich  describes  the  recommended  system  for mesopic photometry and  is  based  
on  visual  performance.  Th is  Techn ical  Note  is  i n tended  to  be  appl icable  to  ou tdoor l i gh ti ng  for 
d rivers ,  motorcycl ists,  cycl ists  and  pedestrians.  I t  i s  not appl icable  to  other ou tdoor l i gh ting ,  
such  as  aviation  or mari time l igh ti ng .  Th is  Techn ical  Note  provides  the  recommended  method  
for calcu lating  the  spectral  l um inous  efficiency function  for mesopic vis ion  and  the  associated  
mesopic quanti ties .  

1  Introduction  

Mesopic vis ion  is  defined  as  vis ion  in termed iate  between  photopic and  scotopic vis ion  (CIE ,  
201 1 ).  I n  mesopic vis ion ,  both  the  cones  and  rods  are  active ;  photopic vis ion ,  on  the  other 
hand ,  i s  dom inated  by cone  activi ty,  and  in  scotopic vis ion  on l y the  rods  are  acti ve.  Mesopic  
l igh ting  appl ications  are  those  for wh ich  our visual  system  is  operating  i n  a  mesopic s tate,  i . e .  
where  both  rods  and  cones  contribu te  to  visual  functions.  However,  i t  i s  not stra ightforward  to  
determ ine  whether and  how th is  cond i tion  is  satisfied  i n  any g iven  practical  s i tuation .  One  
important i ssue  is  that the  range  of l ight levels  encountered  i n  the  visual  environment can  
vary s ign i ficantl y,  frequentl y extend ing  from  low mesopic to  h igh  photopic values,  wi th  the  
resu l t  that the  adaptation  cond i tion  i s  d i fficu l t  to  asses s.  A further compl ication  is  that the  
concentration  of rods  and  cones  varies  throughout the  retina,  and  most l i gh ting  appl ications  
i nvolve  a  range  of visual  tasks  wh ich  requ i re  both  foveal  and  peripheral  vis ion .  I n  pure  foveal  
vis ion  on l y the  cones  are  act ive  and  the  spectral  l um inous  efficiency for photopic  vis ion ,  V() ,  
characteri zes  spectral  sensi ti vi ty at a l l  l i gh t l evels  (Goodman ,  1 997,  He  et a l . ,  1 997,  E loholma 
et a l . ,  1 998,  Goodman  et  a l . ,  2007,  CI E  1 91 ,  201 0).  However,  the  i nvolvement of foveal  vis ion  
i n  a  g iven  appl ication  does  not mean  that on l y cone  activi ty  needs  to  be  cons idered ,  as  in  
most appl ications  the  su rround ing  periphery needs  to  be  taken  i n to  account as  wel l ;  i n  other 
words  mesopic spectral  l um inous  efficiency functions  are  frequent l y needed .  The  question ,  
then ,  becomes:  How to  determ ine  the  re levant spectral  weighting  function?  Th is  Techn ical  
Note  provides  a  recommendation  for calcu lating  th is.  

One  particu larl y important appl ication  is  road  and  street  l i ghting  for d rivers,  motorcycl ists ,  
cycl ists  and  pedestrians ,  s ince  the  visual  envi ronment i n  n igh t-time traffic  cond i tions  fa l ls  
l argel y i n  the  mesopic reg ion .  The  des ign  cri teria  for average  road  surface  l um inances  g iven  
by current road  l i ghting  recommendations  for various  classes  of  roads  are  between  0 , 3  cd m −2  
and  2 , 0  cd m −2  for motorized  traffic (CIE  1 1 5,  201 0) .  For confl ict  zones  and  pedestrian/low 
speed  traffic,  the  design  cri teria,  g i ven  i n  i l l um inance,  are  2 , 0  l x  to  50  l x  (CIE  1 1 5,  201 0),  
wh ich  are  a lso  considered  to  be  i n  the  mesopic range.  

The  recommended  system  for mesopic photometry describes  spectral  l um inous  efficiency  for 
mesopic vis ion ,  Vmes ,m() , as  a  l i near combination  of the  spectral  l um inous  efficiency function  
for photopic vis ion ,  V() ,  and  the  spectral  l um inous  efficiency function  for scotopic vis ion ,  
V'() ,  and  establ ishes  a  gradual  trans i tion  between  these  two functions  throughout the  
mesopic reg ion  that depends  on  the  visual  adaptation  cond i tions.  The  system  is  of the  form :  

mes, 1 for 0 1( ) ( ) ( ) ( ) '( )
m

M m V mV m V m       (1 ) 
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where:  

m  i s  the  adaptation  coefficien t the  va lue  of wh ich  depends  on  the  visual  
adaptation  cond i tions;   
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