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THE  INTERNATIONAL COMMISSION  ON  ILLUMINATION  

The  I n ternational  Commiss ion  on  I l l um ination  (CIE)  i s  an  organ i zation  devoted  to  i n ternational  co-operation  and  exchange  
of i n formation  among  i ts  member coun tries  on  a l l  matters  relati ng  to  the  art  and  science  of l igh ti ng .   I ts  membersh ip  
consi sts  of the  National  Commi ttees  i n  about  40  coun tries.  

The  obj ectives  of the  CIE  are:  
1 .  To  provide  an  i n ternational  forum  for the  d i scuss ion  of a l l  matters  re lati ng  to  the  science,  technology and  art  i n  the  

fi e l ds  of l i gh t  and  l i gh ti ng  and  for the  i n terchange  of i n formation  i n  these  fi e l ds  between  countries .  
2 .  To  develop  bas ic standards  and  procedures  of metrology i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
3 .  To  provide  gu idance  i n  the  appl i cation  of pri nciples  and  procedures  i n  the  development  of i n ternational  and  national  

standards  i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
4 .  To  prepare  and  publ i sh  s tandards,  reports  and  other publ i cations  concerned  wi th  a l l  matters  re lati ng  to  the  science,  

technology and  art  i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
5 .  To  main tain  l i a i son  and  techn ical  i n teraction  wi th  other i n ternational  organ i zations  concerned  wi th  matters  related  to  

the  science,  technology,  s tandard i zation  and  art  i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  

The  work of the  CI E  i s  carried  ou t  by Techn ical  Commi ttees,  organ i zed  i n  seven  Divis ions.   Th i s  work covers  subj ects  
rang ing  from  fundamental  matters  to  a l l  types  of l i gh ti ng  appl i cations.   The  s tandards  and  techn ical  reports  developed  by 
these  i n ternational  D ivi s ions  of the  CI E  are  accepted  th roughou t the  worl d .  
A p l enary sess ion  i s  he l d  every four years  at  wh ich  the  work of the  Divi s ions  and  Techn ical  Commi ttees  i s  reported  and  
reviewed ,  and  p l ans  are  made  for the  fu ture.   The  CI E  i s  recogn i zed  as  the  au thori ty on  a l l  aspects  of l i gh t  and  l i gh ti ng .   
As  such  i t  occupies  an  important pos i ti on  among  i n ternational  organ i zations.  
 
LA COMMISSION  INTERNATIONALE  DE  L'ECLAIRAGE  

La  Commission  I n ternationale  de  l 'Ecla i rage  (CI E)  est une organ isation  qu i  se  donne  pour bu t  l a  coopération  
i n ternationale  et  l 'échange  d ' i n formations  en tre  l es  Pays  membres  su r tou tes  l es  questions  relatives  à  l 'art  et  à  l a  science 
de  l 'écla i rage.   E l l e  est  composée  de  Com i tés  Nationaux représentan t  envi ron  40  pays.  

Les  obj ecti fs  de  l a  CI E  sont :  
1 .  De  consti tuer un  cen tre  d 'étude  i n ternational  pour tou te  matière  re levan t de  l a  science,  de  l a  technolog ie  et  de  l 'art  

de  l a  l um ière  et  de  l 'écla i rage  et  pour l 'échange  en tre  pays  d ' i n formations  dans  ces  domaines.  
2 .  D 'é l aborer des  normes  et  des  méthodes  de  base  pour l a  métrolog ie  dans  l es  domaines  de  l a  l um ière  et  de  

l 'écla i rage.  
3 .  De  donner des  d i recti ves  pour l 'appl i cation  des  pri ncipes  et  des  méthodes  d 'é laboration  de  normes  i n ternationales  

et  nationales  dans  l es  domaines  de  l a  l um ière  et  de  l 'écla i rage.  
4 .  De  préparer et  pub l ier des  normes,  rapports  et  au tres  textes,  concernan t tou tes  matières  relatives  à  l a  science,  l a  

technolog ie  et  l 'art  dans  l es  domaines  de  l a  l um ière  et  de  l 'écla i rage.  
5 .  De  main ten i r une  l i a i son  et  une  col l aboration  techn ique  avec l es  au tres  organ isations  i n ternationales  concernées 

par des  su j ets  rel ati fs  à  l a  science,  l a  technolog ie,  l a  normal i sation  et  l 'art  dans  l es  domaines  de  l a  l um ière  et  de  
l 'écla i rage.  

Les  travaux de  l a  CI E  sont effectués  par Com i tés  Techn iques,  organ isés  en  sept Divis ions.   Les  su j ets  d 'études  
s 'étendent  des  questions  fondamentales,  à  tous  l es  types  d 'appl i cations  de  l 'écla i rage.   Les  normes  et l es  rapports  
techn iques  é laborés  par ces  D ivis ions  I n ternationales  de  l a  CI E  sont  reconnus  dans  l e  monde  en tier.  
Tous  l es  quatre  ans,  une Session  p l én ière  passe  en  revue  l e  travai l  des  Divi s ions  et  des  Comi tés  Techn iques,  en  fa i t  
rapport  et  établ i t  l es  proj ets  de  travaux pour l 'aven i r.   La  CI E  est  reconnue  comme l a  p l us  hau te  au tori té  en  ce  qu i  
concerne  tous  l es  aspects  de  la  l um ière  et  de  l 'écla i rage.   E l l e  occupe  comme tel l e  une  posi t i on  importan te  parm i  l es  
organ isations  i n ternationales.  
 
DIE  INTERNATIONALE  BELEUCHTUNGSKOMMISSION  

Die  I n ternationale  Beleuch tungskommiss ion  (CIE)  i s t  e i ne  Organisation ,  d i e  s i ch  der i n ternationalen  Zusammenarbei t und  
dem  Austausch  von  I n formationen  zwischen  i h ren  M i tg l i edsländern  bezüg l i ch  der Kunst  und  Wissenschaft  der Li ch ttechn ik 
wi dmet.   D ie  M i tg l i edschaft  besteht  aus  den  Nationalen  Kom i tees  i n  rund  40  Ländern .  

D ie  Zie l e  der CI E  s ind :  
1 .  E in  i n ternationales  Forum  fü r D i skuss ionen  a l l er Fragen  au f dem  Gebiet  der Wissenschaft,  Techn ik und  Kunst  der 

Li ch ttechn ik und  fü r den  I n formationsaustausch  au f d i esen  Gebieten  zwischen  den  e i n ze lnen  Ländern  zu  sein .  
2 .  Grundnormen  und  Verfahren  der Messtechn ik au f dem  Gebiet  der L ich ttechn ik zu  en twickeln .  
3 .  Rich tl i n i en  fü r d i e  Anwendung  von  Prinzip ien  und  Vorgängen  i n  der En twicklung  i n ternational er und  nationaler 

Normen  au f dem  Gebiet  der Li chttechn ik zu  erste l l en .  
4 .  Normen ,  Berich te  und  andere  Publ i kationen  zu  erste l l en  und  zu  veröffen tl i chen ,  d i e  a l l e  Fragen  au f dem  Gebiet der 

Wissenschaft,  Techn ik und  Kunst  der L ich ttechn ik betreffen .  
5 .  L i a ison  und  techn ische Zusammenarbei t  m i t  anderen  i n ternationalen  Organ isationen  zu  un terhal ten ,  d i e  m i t Fragen  

der Wissenschaft,  Techn ik,  Normung  und  Kunst  auf dem  Gebiet  der Li ch ttechn ik zu  tun  haben .  

D ie  Arbei t  der CI E  wi rd  durch  Techn ische  Komi tees  ge le i stet,  d i e  i n  s i eben  Divi s ionen  organ i s iert  s i nd .   D iese  Arbei t  
betri fft  Gebiete  m i t g rund legendem  I nhal t  b i s  zu  a l l en  Arten  der L ich tanwendung .   D ie  Normen  und  Techn ischen  Berich te,  
d i e  von  d iesen  i n ternational  zusammengesetzten  Divi s ionen  ausgearbei tet  werden ,  s i nd  au f der ganzen  Wel t  anerkannt.  
Al l e  v i er J ahre  fi ndet  e i ne  Sess ion  statt,  i n  der d i e  Arbei ten  der Divi s ionen  berich tet  und  überprü ft  werden ,  sowie  neue  
Pläne  fü r d i e  Zukunft ausgearbei tet  werden .   D ie  CIE  wi rd  a l s  höchste  Autori tät fü r a l l e  Aspekte  des  Li ch tes  und  der 
Beleuchtung  angesehen .   Auf d i ese  Weise un terhäl t  s ie  e ine  bedeutende  Stel l ung  un ter den  i n ternationalen  
Organ isationen .  
 
Publ i shed  by the  
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CIE  Central  Bu reau  

Babenbergerstrasse  9 ,  A-1 01 0   Vienna,  AUSTRIA 
Tel :  +43(1 )71 4  31  87  
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I I  

Th is  Techn ical  Report has  been  prepared  by CIE  Techn ical  Committee  3-46  of D ivis ion  3  
“ I n terior Envi ronment and  L ighti ng  Design "  and  has  been  approved  by the  Board  of 
Adm in istration  as  wel l  as  by D ivis ion  3  of the  Commission  I n ternationale  de  l 'Ecla i rage.  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 igh ting  described ,  and  i s  i n 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.   

Ce  rapport techn ique  a  été  é laboré  par l e  Com i té  Techn ique  CIE  3-46  de  l a  D ivis ion  3  
"Environnement i n térieur et étude  de  l 'éclai rage"  et a  été  approuvé  par l e  Bureau  et D ivis ion  3  
de  l a  Commission  I n ternationale  de  l 'Ecla i rage.  Le  document expose l es  connaissances  et  
l 'expérience actuel les  dans  le  domaine  particu l i er de  la  l um ière  et de  l 'écla i rage  décri t i ci .  I l  
est desti né  à  être  u ti l i sé  par l es  membres  de  l a  CI E  et par tous  l es  i n téressés.  I l  faut  
cependant noter que  ce  document est  i nd icati f et  non  obl igatoire.   

D ieser Techn ische Bericht i s t vom  Techn ischen  Kom i tee  CIE  3-46  der Divis ion  3  " I nnenraum  
und  Beleuchtungsentwurf"  ausgearbei tet und  vom  Vorstand  sowie  Divis ion  3  der Commission  
I n ternationale  de  l 'Eclai rage  gebi l l i g t  worden.  Das  Dokument berich tet über den  derzei tigen  
Stand  des  Wissens  und  Erfahrung  i n  dem  behandel ten  Gebiet von  Licht und  Beleuchtung ;  es  
ist  zur Verwendung  durch  CIE-M i tg l i eder und  durch  andere  I n teress ierte  bestimmt.  Es  sol l te  
j edoch  beachtet  werden ,  dass  das  Dokument e ine  Empfeh lung  und  keine  Vorschri ft  i st.   

Any mention  of organ izations  or products  does  not impl y endorsement by the  CIE.  Wh i 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.   

Toute  men tion  d 'organ isme ou  de  produ i t n ' impl i que  pas  une  préférence de  la  CIE.  Malgré  l e  
soin  apporté  à  la  compi lation  de  tous  les  documents  j usqu 'à  l a  m ise  sous  presse,  ce  travai l  ne  
saurai t  être  exhausti f.   

D ie  Erwähnung  von  Organ isationen  oder Erzeugn issen  bedeutet  keine  B i l l i gung  durch  d ie  CIE.  
Obg leich  große  Sorgfal t bei  der Erste l lung  von  Verzeichn issen  b is  zum  Zei tpunkt der 
Drucklegung  angewendet wurde,  besteh t d ie  Mög l ichkei t,  dass  d iese  n ich t vol l ständ ig  s ind .   
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V 

RESEARCH  ROADMAP FOR HEALTHFUL INTERIOR LIGHTING  APPLICATIONS  

Summary 

Although  l i ght  i s  defined  as  e lectromagnetic  rad iation  that  provides  the  stimu lus  for vis ion ,  we  
now know conclus ivel y that  ocu lar detection  of th is  s i gnal  a lso  has  many other physiolog ical  
and  psycholog ical  effects  i n  humans  and  other organ isms.  Th is  knowledge has  l ed  some to  
argue for rapid  adoption  of l i gh ting  recommendations  that i ncorporate  “ l i gh ting  for heal th”  
e lements,  whereas  others  have argued  that  a  more  cau tious  approach  wou ld  be  wiser.  CIE  
created  Techn ical  Committee  3-46  to  outl ine  a  research  agenda  that cou ld  l ead  to  evidence-
based  recommendations  for heal thfu l  i n terior l i ghti ng  wi th in  the  con text of del ivering  good  
l igh ting  qual i ty.  The  starti ng  poin t for th is  work was  CIE  publ ication  1 58: 2004/2009 and  i ts  fi ve  
principles  for heal thy l i ghting .  Al though  not a  comprehensive  review of the  l i terature  on  th is  
vast  topic,  th is  report summarizes  the  s tate  of knowledge  at  the  time  of publ ication  and  
i denti fies  gaps  i n  our understand ing  that  i n  the  view of the  committee  ought  to  be  fi l l ed  i n  
order to  support safe  and  beneficia l  fu ture  uses  of l i gh t.  The  report del ivers  a  research  
roadmap  of questions  i n  themed  groups:  Fundamental  Processes ,  Dai l y Pattern ,  Longer 
Patterns,  Appl ication ,  Appl ication  – Speci fic,  and  I nd ividual  D i fferences.  The  roadmap  
i nd icates  the  ease  wi th  wh ich  each  question  m igh t be  answered  and  i ts  importance  to  l i gh ting  
appl ication  i n  the  short  term .  Design  considerations  and  the  eth ics  of us ing  l i gh t to  i n fluence 
heal th  a lso  receive  attention .  

 

RECHERCHES A MENER POUR UN  ECLAIRAGE INTERIEUR RESPECTUEUX DE 
LA SANTE HUMAINE  

Résumé 

Bien  que  la  l um ière  soi t  défin ie  comme l e  rayonnement é lectromagnétique  stimu lan t l a  vis ion  
humaine,  nous  avons  main tenan t l a  preuve  que  ce  rayonnement a  également de  nombreux 
au tres  effets  su r l ’ homme (physiolog iques  et psycholog iques)  comme sur d ’autres  êtres  
vivan ts.  Cette  connaissance  a  condu i t  certains  à  p la ider en  faveur d ’une  adoption  rapide  de  
recommandations  d 'écla i rage  i n tégran t des  aspects  «  écla i rage  pour l a  san té  humaine  » ,  
a lors  que  d 'autres  on t fa i t  va loi r qu 'une  approche  p lus  prudente  serai t  p lus  sage.  La  CIE  a  
créé  l e  Com ité  Techn ique  3-46  avec comme objecti f de  défin i r un  programme de  recherches  
menant à  des  recommandations  basées  sur des  preuves  scien ti fi ques,  permettant  d ’obten i r 
un  écla i rage i n térieur de  qual i té  respectueux de  l a  san té  humaine.  Le  point de  départ  de  ce  
travai l  a  été  l a  publ ication  CIE  1 58: 2004/2009  et ses  ci nq  principes  pour un  éclai rage sain .  
B ien  que  ne  représen tant pas  une  revue  exhaustive  de  la  l i ttérature  sur ce  vaste  su j et,  l e  
présent rapport résume l 'état des  connaissances  au  moment de  sa  publ ication  et  i den ti fie  l es  
l acunes  des  connaissances  actuel l es  qu i ,  de  l 'avis  du  com ité,  devraient  être  comblées  afin  de  
proposer une  u ti l isation  sûre  et bénéfique  de  l a  l um ière  dans  l e  fu tur.  Le  rapport fourn i t  un  
programme de  recherches  présenté  sous  forme de  questions  rassemblées  par thèmes:  
Processus  Fondamentaux,  Rythmes Quotid iens,  Rythmes  à  p lus  Long  terme,  Appl ications,  
Appl ications  p l us  Spéci fiques,  et  D i fférences  I nd ividuel les .  Cette  feu i l l e  de  rou te  i nd ique  l a  
faci l i té  avec l aquel l e  chaque question  pourrai t être  tra i tée  et  son  importance  à  court terme 
pour l ’ écla i rage  in térieur.  Les  considérations  de  conception  et d 'éth ique  concernan t 
l ' u ti l isation  de  l a  l um ière  pour i n fl uencer la  san té  son t auss i  abordées.  

 

FORSCHUNGS-ROADMAP FÜR GESUNDHEITSFÖRDERNDE 
BELEUCHTUNGSANWENDUNGEN  IN  INNENRÄUMEN  

Zusammenfassung  

Auch  wenn  Lich t a ls  elektromagnetische  Strah lung  defin iert i st,  welche  den  Reiz für das  
Sehen  l i efert,  i st  absch l ießend  bekannt,  dass  d ie  Wahrnehmung  d ieses  S ignals  durch  das  
Auge  ebenfal ls  vie le  andere  physiolog ische  und  psycholog ische  Effekte  beim  Menschen  und  
i n  anderen  Organ ismen  m i t s ich  bringt.  D iese  Kenntn is  hat manche dazu  gebracht,  für e i ne  
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schnel le  E in führung  von  Beleuchtungsempfeh lungen  zu  argumentieren ,  welche  “Beleuch tung  
für Gesundhei t”  be inhal ten ,  während  andere  argumentierten ,  dass  e in  behu tsamerer Ansatz 
s innvol ler wäre.  CIE  hat das  Techn ische Komi tee  3-46  ins  Leben  gerufen ,  um  e inen  
Forschungsplan  zu  en twickeln ,  der zu  nachweisbasierten  Empfeh lungen  für 
gesundhei tsfördernde I nnenraumbeleuchtung  bei  g le ichzei tig  gu ter Beleuchtungsqual i tät  
führen  könn te.  Der Startpunkt für d iese  Arbei t  war d ie  Publ ikation  CIE  1 58: 2004/2009  und  ih re  
fünf Prinzip ien  gesundhei tsfördernder Beleuchtung .  Auch  wenn  es  s i ch  n icht  um  e ine  
umfassende  L i teraturrecherche  zu  d iesem  mächtigen  Thema handel t,  fasst d ieser Berich t den  
Wissensstand  zum  Zei tpunkt der Publ ikation  zusammen  und  zeig t  Lücken  i n  unserem  
Verständn is  auf,  welche  aus  S icht  des  Komitees  gefü l l t  werden  müssten ,  um  zukünftige  
s ichere  und  förderl iche  Nu tzungen  des  L ich tes  zu  un terstützen .  Der Berich t l iefert e i nen  
Forschungsfahrplan  von  Fragen  in  folgenden  Themengruppen :  Grund legende Prozesse,  
Täg l iche  Struktur,  Längere  Strukturen ,  Anwendung ,  Anwendung  – spezi fisch ,  I nd ividuel l e  
Di fferenzen .  Der Fahrplan  zeigt  den  Aufwand  auf,  m i t welchem  j ede  Frage  bean twortet 
werden  könnte,  sowie  i hre  Wichtigkei t  h insich tl ich  kurzfristiger L ichtanwendung .  
Designüberlegungen  und  eth ische  Fragen  h insichtl ich  der Verwendung  von  Licht zur 
Gesundhei tsbeeinflussung  werden  ebenfal ls  betrachtet.  
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1  Introduction  

Evidence that  a  separate  photoreceptor detects  i rrad iance and  provides  the  entrainment 
s i gnal  for ci rcad ian  regu lation  (Berson  et  a l .  2002;  Hattar et  a l .  2002)  has  ga lvan ized  l i gh ting  
researchers,  manufacturers,  and  designers  (Bommel  and  Beld  2004;  D iLaura  2005) .  Some 
have  argued  that l i ghting  appl ications  shou ld  rapid l y change  to  adopt th is  new i nformation  
(Bommel  2005;  Bommel  and  Beld  2004;  German  I nsti tu te  for Standard ization  (D IN)  201 3) ,  
whereas  others  have cal l ed  for a  more  cautious  approach  (Boyce  2006) .  

CI E  publ ished  the  fi rst  consensus  report concern ing  the  ocu lar effects  of l i gh t on  physiology 
and  behaviour i n  2004  (CIE  1 58: 2004/2009) ,  and  convened  expert symposia  on  the  subject  in  
2004  (CIE  2004)  and  2006  (CIE  2006).  The  fi rst  symposium  emphasized  the  evidence  that 
l i gh t has  effects  on  people  beyond  vis ion  (“ l i ght and  heal th”) ,  whereas  the  second  event 
focused  more  on  the  potential  app l ications  of th is  knowledge (“ l i ghting  and  heal th ”).  The  
emphasis  on  appl ication  con tinued  i n  2007  wi th  a  workshop  at  the  26 th  Session  of the  CIE  i n  
Bei j i ng  (Brainard  and  Vei tch  2007) .  Workshop participants  expressed  two  d iverg ing  opin ions:  
“Time to  forge  ahead”  and  “Take  care  to  avoid  un in tended  consequences”.  CI E  Techn ical  
Committee  3-46  was  formed  i n  response  to  these  competing  i n fluences.  

The  Terms of Reference for TC 3-46  are:  

“Th is  TC wi l l  review re levan t CIE  publ ications  (CIE  1 58: 2004  and  the  two CIE  expert  
symposia  on  l i gh t and  l i gh ting  and  heal th  in  2004  and  2006)  and  the  more recent 
scien ti fic  l i terature  to  i den ti fy the  i n formation  that  i s  needed  before  such  l i gh ting  
appl ication  may take  place.  The  ou tpu t wi l l  be  a  techn ical  report wh ich  wi l l  describe  a  
research  roadmap in tended  to  s timu late  fundamental  research  in to  questions  re levant to  
l i gh ting  appl ications. ”  

The  World  Heal th  Organ ization  defin i tion  of heal th  underl ies  th is  report:  “Heal th  is  a  s tate  of 
complete  physical ,  mental  and  socia l  wel l -being  and  not merel y the  absence of d isease  or 
i n fi rm i ty”  (World  Heal th  Organ ization  (WHO)  1 948).  We seek knowledge of the  effects  of l i gh t 
that  wi l l  resu l t  i n  pos i ti ve  psycholog ical  and  physiolog ical  states  and  rhythms i n  order to  
support  evidence-based  l i gh ting  recommendations.  That  said ,  the  committee  has  focused  
primari l y on  the  research  d i rections  related  to  the  CIE  publ ications  referenced  i n  i ts  Terms  of 
Reference.  Th is  means,  for example,  that research  related  to  spatia l  appearance j udgements  
i s  not  i ncluded  (but see  Vei tch  and  Galas iu  (201 2)  for a  consideration  of th is  topic) .  

Research  productivi ty i n  a l l  aspects  of l i gh t,  l i gh ti ng ,  and  heal th  has  been  prod ig ious  i n  the  
years  over wh ich  th i s  TC  has  worked ;  but  i t  remains  the  considered  opin ion  of the  committee  
members  that i n  many areas  we  remain  i n  the  early days  of understand ing  what wi l l  consti tu te  
a  heal thfu l  l i gh ting  appl i cation  i n  any speci fic  i nstal l ation .  Even  i n  domains  where  there  has  
been  the  greatest acti vi ty,  i t  can  be  d i fficu l t to  derive  appl ications  gu idance  because of 
l im i tations  of research  design  or reporting .   

Th is  document i s  not a  comprehensive  research  review;  i t  i s  not a  sequel  to  publ ication  CIE  
1 58  (CIE  2004/2009) .  Rather,  i t  sets  out  the  questions  for wh ich  those who  wri te  s tandards,  
recommendations,  and  codes  wi l l  need  answers  i f these  documents  are  to  provide  i n tegrated  
gu idance incorporating  goals  for heal th  and  wel l -being  a long  wi th  visual  requ i rements.  The  
purpose of th is  document i s  to  cl ari fy the  research  questions  (Clause 2)  and  to  set ou t some 
s imple  gu idance  for research  methods  (Clause  3)  to  speed  the  work of developing  knowledge  
that  can  be  pu t i n to  practice.  C lause  4  provides  ins ight  i n to  the  gap  between  fundamental  
research  and  appl ication .   

2  Research  agenda  

The research  agenda  i s  based  primari l y on  the  fi ve  principles  of heal thy l i gh ti ng  fi rst 
articu lated  i n  CI E  publ ication  1 58  (CIE  2004/2009),  augmented  by questions  relati ng  to  g lare  
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and  fl icker that  many had  though t resolved ,  bu t that  have re-emerged  wi th  the  adven t of sol i d -
state  l i ghting 1 .  The  five  princip les  ,  as  s tated  in  CI E  1 58,  are:  

•  The  dai l y l i gh t dose  received  by people  i n  Western  ( i ndustria l i zed)  countries  m ight  be  
too  l ow.  

•  Heal thy l i gh t i s  inextricabl y l i nked  to  heal thy darkness.  

•  L ight  for b iolog ical  action  shou ld  be  rich  in  the  reg ions  of the  spectrum  to  wh ich  the  
non-visual  system  is  most sensi tive.  

•  The  important  consideration  i n  determ in ing  l igh t dose  i s  the  l i gh t received  at  the  eye,  
both  d irectl y from  the  l i gh t source  and  reflected  off surround ing  su rfaces.  

•  The  tim ing  of l i ght exposure  in fluences  the  effects  of the  dose.  

The  chal l enge in  trans lati ng  these general  principles  in to  speci fic recommendations  is  i n  the  
need  for deta i led  i n formation  expressed  such  that resu l ts  from  d i fferen t i nvestigations  can  be  
d i rectl y compared  and  combined .   

2.1  Total  l ight exposure  

Since  the  publ ication  of report CIE  1 58  (CIE  2004/2009) ,  several  add i tional  i nvestigations  
have  added  to  the  evidence  that i ncreased  daytime l i gh t exposures  can  con tribu te  to  better 
wel l -being  as  expressed  th rough  various  behavioural  and  physiolog ical  measures.  For 
example,  women  who showed  m i l d  seasonal  mood  variations  reported  l ess  quarrelsome 
social  in teractions  immed iatel y fo l lowing  periods  of exposure  to  l i ght greater than  1  000  lx i n  
i n tensi ty (aan  het Rot et  a l .  2008).  Hubalek et  al .  (201 0)  observed  that  n igh t-time s leep  qual i ty 
varied  proportional l y to  the  l i ght  dose  received  at the  eye  during  that day,  wi th  better s l eep  
qual i ty fol lowing  days  of greater l i gh t exposure.  Smolders  et  a l .  (201 3)  found  that  feel i ngs  of 
vi ta l i ty i ncreased  posi tivel y wi th  dai l y l i ght exposure.  These find ings  are  general l y consistent 
wi th  one  another,  and  we  are  unaware  of any i nvestigations  showing  con trary resu l ts,  i n  wh ich  
(over the  range  of normal l y-occurring  cond i tions  i n  present-day envi ronments)  i ncreasing  l i gh t  
exposure  has  shown  adverse  effects  on  wel l -being .  

Despi te  th is  consistency i n  fi nd ings,  we  do  not know what the  optimal  l igh t  exposure  ought to  
be  for heal thy,  day-active  adu l ts;  and  even  l ess  so  for other popu lations,  such  as  the  e l derl y 
or ch i l dren .  The  reasons  for th is  are  mu l tip le:  i nconsistency i n  reporting ,  experimental  
i nvestigations  that have  tested  a  l im i ted  range  of exposures,  uncerta in ty concern ing  the  
appropriate  spectral  sensi tivi ty function  govern ing  particu lar b iolog ical  processes,  and  
measurement errors  that are  described  in  more  detai l  below (Clause  3) .  Consider the  variety 
i n  l igh t exposure  or l i gh t dose  measurements  reported :   

•  i l l um inance l evel  ( i deal l y,  measured  vertical l y at  the  eye,  i n  the  ang le  of gaze)  
(expressed  i n  l x) ;   

•  l um inous  exposure:  i l l um inance  l evel  over a  speci fied  time span  or,  whether i t  i s  a  
steady state  that i s  measured ,  or ( i f variable),  ca lcu lated  by in tegrating  the  i l l um inance 
over time (expressed  i n  l x∙ h) ;  

•  photon  densi ty (expressed  i n  photons  per square  centimetre  and  second),  general l y 
used  for experimental  cond i tions;   

•  duration  of l i ght  exposure  above  a  threshold  (common ly expressed  e i ther i n  a  un i t  of 
time,  or as  a  percentage of a  fixed  time period ,  such  as  "%  of waking  time above  
1  000  lx").  

A fi rst  step  to  the  development of concrete  recommendations  wou ld  be  the  establ ishment of 
consensus  concern ing  l i gh t dose  equ ivalency.  For fl ash ing  l i gh ts,  there  has  l ong  existed  a  
function  by wh ich  to  establ ish  the  equ ivalen t i n tens i ty ( i n  terms  of brightness  perception )  of 

————————— 
1  I t  m igh t  be  argued  that  i t  i s  t ime  to  revi s i t  these  pri ncip les ,  g i ven  the  knowl edge  acqu i red  s i nce  2004  when  they 

were  ori g i na l l y wri tten .  I t  i s  u p  to  a  fu tu re  comm i ttee  to  deal  wi th  th i s  task;  i t  i s  beyond  the  scope  of th i s  
document.  
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flashes  of varying  in tens i ty and  duration  (B londel  and  Rey 1 91 2).  I n  the  case of l i gh t dose,  we  
do  not know whether one  short  pu lse  of h i gh  lum inous  flux cou ld  be  b iolog ical l y equ ivalen t to  
a  longer exposure  at a  l ower l evel  of l um inous  flux.  For l i gh t therapy of seasonal  mood  
d isorders,  the  psych iatric commun i ty has  determ ined  empirical l y that for therapeutic  effect 
(reduction  in  depressive  symptoms)  an  exposure  to  1 0  000  lx  from  a  l i gh t box for 30  m in  is  
equ ivalent to  2  500  lx  of the  same wh i te  l i gh t for 2  h  (Lam  and  Levi tt  1 998).  I f such  a  
re lationsh ip  cou ld  be  establ ished  for other physiolog ical  or behavioural  effects,  i t  wou ld  
become feasible  to  iden ti fy a  su i table  l i ght dose  for a  g i ven  popu lation  (e. g .  i n fants;  the  
e lderl y;  working  adu l ts)  and  to  provide  gu idance as  to  how to  de l i ver that dose  in  an  energy 
efficient  manner su i ted  to  a  g i ven  appl ication .   

To  ach ieve th is  step  requ i res  agreement concern ing  the  effects  we  wish  to  trigger.  For 
flash ing  l i gh ts,  the  goal  was  to  ach ieve equ ivalent brigh tness  perceptions,  a  re lativel y s imple  
observation .  For total  l i ght  dose,  the  goal  i s  unclear as  yet.  There  is  i ncreasing  evidence  that 
l i gh t exposure  i n fl uences  many physiolog ical  processes  through  at l east  two  non-visual  
pathways  (Cajochen  2007;  Vei tch  and  Galasiu  201 2) .  The  better-known  pathway concerns  the  
regu lation  of melaton in  secretion  by the  p ineal  g l and  (CIE  2004/2009).  Th is  pathway controls  
ci rcad ian  rhythms;  l i gh t exposure  at  n i ght,  particu larl y at short wavelengths,  suppresses  
melaton in  and  in fluences  subjective  s leepiness  (Bad ia  et a l .  1 991 ) .  The  other pathway l eads  
to  acu te  effects  on  a lertness  through  an  activation  mechan ism  that i s  separate  from  melaton in  
suppression  (Cajochen  2007) .   

When  studying  the  ci rcad ian  regu lation  path ,  researchers  demonstrate  changes  i n  rhythm  
principal l y through  physiolog ical  measurements  such  as  melaton in  secretion  and  i ts  derivative,  
the  d im  l i gh t melaton in  onset (DLMO);  i n  some i nvestigations,  we  a lso  see  core  body 
temperature,  other hormone  secretion  patterns  (e. g .  cortisol ) ,  s l eep-activi ty patterns  (us ing  
actigraphs)  or e lectro-encephalograph  (EEG)  record ings  as  outcome measurements.  The  
principal  publ ications  provide  standards  for measuring ,  anal ys ing ,  and  reporting  ci rcad ian  
rhythm  effects  (Portaluppi  et  a l .  201 0).  The  general  agreement on  what consti tutes  a  marker 
of ci rcad ian  en trainment (or i ts  absence)  cou ld  make  i t  possible  to  develop  a  model  for dose  
equ ivalency based  on  the  l i terature,  provided  that researchers  reported  the  experimental  
cond i ti ons  wi th  su i table  precision  (see  3. 1 . 1 ) .   

Th is  wi l l  not  be  a  s imple  matter,  as  d i fferent  markers  thought to  reflect  the  same underl ying  
processes  show s l i gh tl y d i fferent dose-response  relationsh ips.  Consider the  resu l ts  shown  
graph ical l y i n  F igure  1 .  These  are  dose-response  relationsh ips  from  two  experiments  
(Cajochen  et  a l .  2000;  Zei tzer et  a l .  2000) ,  both  conducted  i n  the  same  i nsti tu tion  around  the  
same time.  Young  male  and  female  volunteers  were  exposed  to  a  wh i te  l i gh t of one  
i l l um inance  l evel  for 6 , 5  h  i n  the  earl y b iolog ical  n ight.  No  spectral  data  for the  l i ght  source  
are  avai l able  (one  of the  papers  described  i t  as  “cool  wh i te  fl uorescent l i ght”) .  Zei tzer et  a l .  
(2000)  observed  the  50  %  response  point to  be  ~1 20  lx  for both  phase sh i fti ng  and  melaton in  
suppression ;  however,  the  saturation  point  d i ffered ,  being  ~220  lx  for melaton in  suppression  
and  ~525  lx for phase sh i fti ng  (F igure  1  a)  and  b)).  Cajochen  et a l .  (2000)  found  that the  
i n flection  point  for 50  %  response was  90  lx  for EEG  theta-alpha  activi ty,  1 80  l x  for s l ow eye  
movements  and  1 00  l x  for subj ective  a lertness  (Figu re  1  c)–e)).  I t  may be  that the  50  %  
response of the  ci rcad ian  system  re l i abl y occurs  around  1 00  l x,  bu t i f the  maximum  response  
occurs  at  widel y varying  exposures  for d i fferent  ou tcomes  i t  wi l l  be  d i fficu l t  to  obtain  
consensus  on  recommendations.  
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a) b)  

   

c) d)  e)  

NOTE  The  upper g raphs  a)  and  b)  are  re-d rawn  from  Zei tzer e t a l .  (2000).   
The  l ower g raphs  c),  d )  and  e)  show resu l ts  reported  by Cajochen  et a l .  (2000).  

Figure 1  – Published dose-response relationships between white fluorescent l ight of varying 
i lluminances after a 6,5-h exposure period 

I t  i s  not  the  purpose of th is  document to  develop  such  a  model ,  bu t to  poin t to  the  value  of 
such  a  model  to  support appl ications.  Some work along  th is  l i ne  exists  (Chang  et a l .  201 2 ;  
Dewan  et a l .  201 1 ),  bu t  not i n  su fficien t quanti ty to  establ ish  consensus  gu idel ines,  even  for 
the  l im i ted  case of ci rcad ian  regu lation .  Current knowledge  suggests  that i f a  model  can  be  
developed  to  relate  ci rcad ian  rhythms  to  equ ivalent l i gh t doses,  i t  wi l l  be  non- l i near,  or wi l l  be  
moderated  by other variables.  A l i near model  wou ld  exist i f there  were  equ ivalence between  a  
short h igh- in tens i ty exposure  and  a  longer l ow-in tensi ty exposure,  each  expressed  in  l x ⋅h .  
Th is  question  has  clear impl ications  for practical  appl ications  but i s  not we l l  understood  as  yet.  
Rimmer et a l .  (2000)  found  that con tinuous  l i ght exposure  was  most effective  at resetting  the  
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ci rcad ian  phase,  but i n term i ttent  l i gh t was  nearly as  effective.  Gronfier et  a l .  (2004)  a lso  
observed  that i n term ittent exposures  cou ld  be  as  effective  as  con tinuous  exposure  i n  
mod ifying  ci rcad ian  phase,  despi te  the  total  dose  being  considerabl y lower.  They a lso  
observed  that the  response  was  non- l i near,  wi th  the  fi rst  m inu tes  of exposure  provid ing  a  
stronger response  than  l ater m inu tes;  Chang  et  al .  (201 2)  reached  the  same conclus ion .  
Dewan  et  a l .  (201 1 )  found  evidence of non -equ ivalent  responses,  wi th  a  l onger duration  at  
l ower in tens i ty showing  g reater effects  on  ci rcad ian  phase  ad justment than  a  shorter duration  
at  a  h igher i n tens i ty.   

Concern ing  the  acute  effects  of l i gh t  exposure,  there  is  even  less  evidence to  support 
consensus,  because  i t  i s  not yet cl ear what outcomes  we  wish  to  i n fluence  wi th  l i gh t exposure.  
Scien tists  exam ine  many physiolog ical  and  behavioural  ou tcomes  i n  order to  e lucidate  these  
processes  – for there  are  probabl y more  than  one  process  involved .  Th is  i s  a  very acti ve  
research  area,  as  evidenced  by the  fol l owing  (non -exhaustive)  l i s t  of fi nd ings:  

•  Bri gh t wh i te  l igh t can  have an  acu te  activating  effect,  wh ich  i s  l inked  to  feel i ngs  of 
i ncreased  a lertness,  reduced  s leepiness  and  increased  vig i lance  l evels  during  daytime  
and  n igh t time  (Cajochen  2007;  Smolders  and  Kort 201 4;  Lowden  et a l .  2004;  Daurat 
et  a l .  2000;  Ph ipps-Nelson  et  a l .  2003;  Rüger et  al .  2006;  Smolders  et a l .  201 2) .   

•  Participants  select more  i n tense  l i ght  settings  when  they experienced  low levels  of 
a lertness  and  vi ta l i ty (Smolders  201 3).   

•  During  daytime,  i ncreased  wh i te  l i gh t  exposure  can  modu late  cogn i tive  brain  
function ing ,  wi th  general l y better cogn i ti ve  performance,  such  as  l og ical  reason ing  and  
creative  th inking  (Smolders  et a l .  201 2)  and  office  work performance  (G i fford  et  a l .  
1 997).  

•  During  daytime,  periods  of bright l i ght  exposure  (>  1  000  l x)  can  l ead  to  better mood  
and  to  social  i n teractions  that are  less  quarrelsome and  more co-operative  than  those 
fol l owing  lower l i ght  exposures  (aan  het Rot et  a l .  2008).  Th is  m igh t  be  associated  wi th  
an  acu te  effect of bright l i gh t on  seroton in  metabol ism  (aan  het Rot et  al .  2007) .  

•  Both  exposure  to  bright  l i gh t and  th inking  about such  exposure  are  associated  wi th  
improved  sel f-regu lation  and  sel f-awareness  (Steid le  and  Werth  201 4) .   

Dose-response  and  dose-equ ivalency functions  cannot yet be  developed  because  we  lack 
adequate  i n formation  abou t the  mu l ti p le  paral lel  processes  affected  by l i gh t exposure.  The  l is t 
of daytime ou tcomes  above  are  un l ikel y to  be  med iated  by the  ci rcad ian  clock mechan isms,  
because  they are  immed iate  effects  occurring  during  the  period  i n  wh ich  there  is  l i ttl e  or no  
ci rcu lati ng  melaton in .  Feel ings  of a lertness  and  more  pos i ti ve  mood  associated  wi th  l i gh t 
exposure  m igh t be  the  resu l t  of one  process,  bu t a lso  m igh t arise  from  more than  one  process,  
these various  processes  acti ng  i n  paral lel  – consider,  for example,  that the  hormone cortisol  
has  a  ci rcad ian  pattern  but  i s  a lso  i n fl uenced  by immed iate  exposures,  not  a l l  of them  re lated  
to  l i ght  or vis ion .  Th is  means  that for the  presen t,  researchers  need  to  i nvestigate  a  wide  
variety of behavioural  and  heal th  ou tcomes  that m ight  reasonabl y be  affected  by l i gh t 
exposure.   

The  next step  wou ld  be  to  organ ize  the  broad  set of empirica l  resu l ts  to  i denti fy the  underl ying  
processes  that g ive  rise  to  various  observations.  For example,  Vei tch  and  Galas iu  (201 2)  
d i fferentiated  visual l y-med iated  processes  such  as  spatia l  appearance  from  non-visual  
processes  such  as  ci rcad ian  regu lation  and  acute  a lerti ng  effects.  Th is  wi l l  be  a  chal leng ing  
task because  at  present there  are  no  general l y-accepted  markers  that  i den ti fy other 
processes.  I n  the  cases  of brigh tness  perception  or ci rcad ian  regu lation  markers  exist  that  a l l  
experts  agree  upon  (e. g .  brightness  j udgements  (CIE  201 4) ;  d im -l igh t melaton in  onset 
(Ben louci f et  a l .  2008)).  These  markers  provide  a  re lati vel y straigh tforward  way to  establ ish  a  
dose-equ ivalency function  that pred icts  the  response  of the  speci fied  process  to  a  g iven  l i gh t 
dose.  As  th is  degree  of agreement does  not yet exist  for other aspects  of human  function ing ,  
we  pose very general  research  questions  regard ing  l i gh t dose  effects:  
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1 .  What fundamental  psycholog ical  and  physiolog ical  mechan isms underl ie  the  acute  
a lerting  effects  of l i ght,  by day and  by n ight  (noting  that these may d i ffer)?  

2 .  I t  seems  that l i gh t exposure  affects  seroton in  metabol ism ,  wh ich  m igh t explain  
observed  effects  on  mood  and  social  behaviour.  I s  th is  the  same mechan ism  as  for 
acu te  a lerting  effects?   

3 .  G iven  answers  to  question  1 ,  what i s  the  dose-response relationsh ip  between  l i ght 
exposure  and  daytime effects  on  a lertness,  feel ings  of wel l -being ,  subsequent s l eep,  
etc.?  I s  there  a  m in imum  l evel  requ ired ;  does  the  shape of the  curve  show d im in ish ing  
returns  (as  i n  the  case of visual  performance)?  Th is  i n formation  wou ld  help  to  
determ ine  whether or not daytime  i l l um inance  recommendations  (currently based  on  
visual  requ i rements)  are  adequate  to  support non -visual  functions.  

Th is  report focuses  primari l y on  psycholog ical  and  physiolog ical  processes  aris ing  from  l igh t 
received  at  the  eye.  However,  heal thfu l  l i gh ti ng  appl ications  ought  al so  to  consider the  
poss ib i l i ty of effects  aris ing  from  tissue  exposures  rather than  reti nal  photoreception .  These  
effects  are  very poorl y understood  as  yet,  bu t  there  is  specu lation  concern ing  effects  that  
many wou ld  consider importan t.  For i nstance,  i t  has  been  suggested  that the  risk of 
developing  severe  myopia  is  h igher i f ch i l dren  do  not receive  da i l y exposure  to  h igh- in tens i ty 
l i gh t (Hobday 201 5;  Mutti  et a l .  201 4) .  Th is  exposure  i s  be l ieved  to  tri gger dopam ine  re lease 
i n  the  retina  and  thereby to  affect the  rate  of growth  of the  eyebal l .  Li ght  penetrates  ti ssue  to  
varying  degrees  depend ing  on  the  tissue  type  and  wavelength  (J acques  201 3;  Tedford  et a l .  
201 5),  wi th  various  therapeutic  appl ications  (e. g .  Albarracin  et  al .  201 1 ;  F i tzgerald  et  a l .  201 3) .  
We present these  concepts  wi th  one  b lanket research  question :  

4 .  Does  l i gh t exposure  affect physiolog ical  processes  through  d i rect absorption  ( i . e .  not 
reti nal l y med iated  mechan isms)?  I f so,  what are  the  des irable  i n tensi ti es,  spectra,  etc.  
for those  exposures?   

Al though  both  the  fu l l  su i te  of processes  and  their associated  l ight  dose-response  
relationsh ips  are  yet unknown,  i t  i s  poss ib le  to  i denti fy the  types  of i n formation  needed  to  
support  l i ghting  recommendations  and  standards:  

•  I nvestigations  shou ld  include  three  or more  exposure  cond i tions,  to  enable  curve-
fi tti ng .  These  shou ld  cover a  broad  range  of exposures  expressed  ei ther as  i n tens i ty or 
duration ,  or both .  

•  I nvestigations  shou ld  i nclude  some short exposures  as  wel l  as  l ong  exposures.  
Exposure  duration  wi l l  affect energy consumption  for l igh ting ;  the  shorter the  exposure  
to  a  more  i n tense e lectric  l i ght,  i n  general  the  l ower the  energy used  to  del i ver i t.  

•  I nd ividual  d i fferences  i n  dose  equ ivalency and  dose-response  re lationsh ips  are  l ike l y,  
mean ing  that  i nvestigations  must be  speci fic  to  the  age,  chronotype,  visual  heal th  
status,  and  physical  heal th  s tatus  of the  popu lation  to  wh ich  the  resu l ts  are  to  be  
general i zed .   

•  Research  qual i ty must improve.  Clause  3  of th i s  document describes  th is  i ssue  i n  
g reater detai l .  

2.2 Light-dark rhythms  

Many physiolog ical  functions  fol low ci rcad ian  cycles,  wi th  some processes  being  more 
pronounced  during  periods  of l i gh t exposure  and  others  during  darkness;  for th is  reason ,  the  
principles  of heal thy l i gh ting  promu lgated  i n  CIE  1 58  (CIE  2004/2009)  i ncluded  the  
requ irement for periods  of darkness  as  wel l  as  an  increase in  da i l y l i ght exposure.  Over most 
of the  m i l l enn ia  of human  evolu tion ,  th is  was  provided  by the  dai l y rhythm  of the  natural  day-
n ight  cycle,  sun l ight or dayl i gh t fol lowed  by moon l i gh t or starl ight.  On l y for a  comparativel y 
short period  in  evolu tionary time has  human i ty been  capable  of a l tering  th is  cycle  s i gn i fican tl y 
us ing  other l i ght  sources.  

With  the  widespread  use  of easy to  control  e lectric l i gh t the  natural  day-n igh t cycle  has  been  
d isrupted ,  wi th  the  general  resu l t  that there  i s  l ess  d i fference  between  the  l i gh t and  dark 
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periods  than  i s  the  case i n  the  absence of e lectric  l i ght.  As  noted  above,  daytime  l i ght 
exposures  are  comparativel y low for most people,  who spend  up  to  90  %  of thei r waking  time 
i ndoors.  Th is  level  extends  in to  even ing  and  n igh t-time hours,  both  i ndoors  and  outdoors,  
resu l ting  i n  what some have  cal led  a  perpetual  exposure  to  b iolog ical  twi l i gh t.  I n  short,  i t  can  
be  d i fficu l t  to  ach ieve  a  l arge  d i fference  i n  l i ght exposure  between  daytime and  n igh t-time.  

Leaving  as ide  for the  moment the  problems of overn ight workers,  for wh ich  the  problems are  
more complex,  i t  i s  becoming  clear that exposure  to  l i gh t at n igh t has  several  effects  that  
con tribu te  to  chron ic  problems  i n  humans  through  a  variety of mechan ism 1 :  

•  L igh t exposure  at  n i ght  acu tel y suppresses  melaton in  secretion  (Brainard  et a l .  1 991 ;  
Brown  1 994) .   

•  Melaton in  provides  the  s i gnal  for n i ght-time states  of immune function ,  d igestion ,  
wakefu lness,  and  other b iolog ical  processes  (Arendt and  Skene  2005) .  

•  L ight at n i ght acutel y i ncreases  a lertness  (Bad ia  et a l .  1 991 )  and  l eads  to  s l eep l oss  
(Cajochen  et a l .  1 992) .  

•  S leep  l oss  reduces  subsequen t cogn i ti ve  performance  and  d im in ishes  immune 
function  ( I rwin  2002).  

•  D isrupted  ci rcad ian  rhythms  are  impl icated  i n  the  development of obesi ty,  some 
cancers,  card iovascu lar d isease,  and  depression  (Stevens  and  Zhu  201 5) .  

•  I ndependentl y of s l eep l oss  and  ci rcad ian  d isruption ,  an imal  tests  of l i gh t exposure  at  
n ight have shown  adverse  effects  on  mood  and  cogn i tion  that some bel ieve  m igh t 
explain  adverse  effects  i n  humans  (Bedrosian  and  Nelson  201 3;  LeGates  et  a l .  201 2) .  

Our exposure  to  l i ght at  n ight comes  abou t i n  part from  the  need  to  satisfy other l i gh ti ng  
needs:  the  safety and  securi ty that  come from  roadway and  street l i gh ting ;  the  aesthetic 
appeal  of bu i l d ing  façade l ighti ng ;  social  and  task l i gh ting  associated  wi th  acti vi ti es  i n  u rban  
spaces.  For people  who des i re  or need  to  be  acti ve  at n ight,  these  are  val id  l i ghting  needs.  
However,  th is  resu l ts  i n  a  considerable  exposure  to  l igh t at n i gh t wi th in  the  urban  envi ronment,  
and  where  th is  l i ght  trespasses  i n to  private  homes,  and  especial l y i n to  s leeping  rooms,  th is  
a lso  affects  those for whom  the  l i ght i s  obtrus ive  and  unwanted .  Even  th rough  closed  eyel i ds,  
and  when  del i vered  i n  very short  fl ashes,  l i gh t at n ight  can  sh i ft  the  ci rcad ian  rhythm  (Zei tzer 
et  a l .  201 4).  Some of our research  needs  concern  how to  ach ieve  some of these  val i d  design  
goals  s imu l taneousl y wi th  reducing  obtrusive  l i ght  and  poten tia l  ecolog ical  consequences;  
Clause  4  deals  wi th  these appl ication  topics.  

Al though  i t  i s  cl ear that  heal thy function ing  requ ires  a l ternating  exposure  to  l igh t and  darkness,  
there  are  many questions  ou tstand ing  that prevent any other than  the  most  general  gu idel i nes:  

5.  How dark does  dark need  to  be?  For how long?  I s  there  a  spectral  dependency,  i n  
wh ich  low levels  of some wavelengths  are  acceptable  bu t others  are  not?  (Th is  wi l l  
i n fluence our understand ing  of the  importance  of obtrus ive  l i gh t i n  s l eeping  rooms,  and  
the  use  of n ight  l i ghts ;  i t  a lso  has  impl ications  for n ight-sh i ft  workers. )  

6.  What are  the  effects  of i ncreasing  the  ampl i tude  of the  l i ght-dark cycle?  For example,  
i f one  has  a  long  period  of exposure  during  the  day to  a  very h igh  l i gh t l eve l ,  m igh t i t  
be  poss ible  to  tolerate  s l i gh tl y more  l i ght  overn igh t?  (See a lso  Clause  2 .5. )  

7.  How l ong  shou ld  each  phase  of the  exposure  be  (whether l i gh t or dark)?  I f h igher l igh t  
l evels  are  needed  than  are  curren tl y recommended,  i t  wi l l  be  necessary to  model  the  
energy use  requ i red  to  del i ver that l evel .  The  energy requ i rements  wi l l  be  more easi l y 
provided  i f they are  demonstrated  to  be  as  l ow as  possible  (ei ther by del i vering  a  
l onger exposure  at  a  l ower l evel ,  or a  shorter exposure  at a  h i gher l evel ).  

8.  How does  the  requ irement for a  l i gh t-dark cycle  vary wi th  age,  from  i nfancy to  ol d  age?  

————————— 
1  Ou tdoor l i gh t  at  n i gh t  i s  a l so  impl i cated  as  an  ecolog ical  problem  (e. g .  Gasont  et  a l .  201 5),  bu t  the  presen t  
document i s  l im i ted  to  consideration  of effects  on  humans.  
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