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DISCLAIMER

IES publications are developed through the consensus standards development process approved by the American
National Standards Institute. This process brings together volunteers representing varied viewpoints and interests to
achieve consensus on lighting recommendations. While the IES administers the process and establishes policies and
procedures to promote fairness in the development of consensus, it makes no guaranty or warranty as to the accuracy
or completeness of any information published herein.

The IES disclaims liability for any injury to persons or property or other damages of any nature whatsoever, whether
special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or reliance
on this document.

In issuing and making this document available, the IES is not undertaking to render professional or other services for or on
behalf of any person or entity. Nor is the IES undertaking to perform any duty owed by any person or entity to someone
else. Anyone using this document should rely on his or her own independent judgment or, as appropriate, seek the
advice of a competent professional in determining the exercise of reasonable care in any given circumstances.

The IES has no power, nor does it undertake, to police or enforce compliance with the contents of this document.
Nor does the IES list, certify, test or inspect products, designs, or installations for compliance with this document. Any
certification or statement of compliance with the requirements of this document shall not be attributable to the IES and
is solely the responsibility of the certifier or maker of the statement.

AMERICAN NATIONAL STANDARD

Approval of an American National Standard requires verification by ANSI that the requirements for due process,
consensus, and other criteria have been met by the standards developer.

Consensus is established when, in the judgment of the ANSI Board of Standards Review, substantial agreement has been
reached by directly and materially affected interests. Substantial agreement means much more than a simple majority,
but not necessarily unanimity. Consensus requires that all views and objections be considered, and that a concerted
effort be made toward their resolution.

The use of American National Standards is completely voluntary; their existence does not in any respect preclude anyone,
whether that person has approved the standards or not, from manufacturing, marketing, purchasing, or using products,
processes, or procedures not conforming to the standards.

The American National Standards Institute does not develop standards and will in no circumstances give an interpretation
to any American National Standard. Moreover, no person shall have the right or authority to issue an interpretation of an
American National Standard in the name of the American National Standards Institute. Requests for interpretations should
be addressed to the secretariat or sponsor whose name appears on the title page of this standard.

CAUTION NOTICE: This American National Standard may be revised at any time. The procedures of the American National
Standards Institute require that action be taken to reaffirm, revise, or withdraw this standard no later than five years from
the date of approval. Purchasers of American National Standards may receive current information on all standards by
calling or writing the American National Standards Institute.



Prepared by the IES Light and Human Health Committee.

George C. Brainard, Chair
Steven W. Lockley, Vice Chair
Kimberly R. Mercier, Secretary

Members

Naomi J. Miller Meg Smith Robert D. White
John B. O’'Hagan Jennifer A. Veitch

Advisory Member

John P. Hanifin

Acknowledgement:

The committee acknowledges Dr. Marianna Figueiro’s participation on the committee from 2005 to 2022.




1.0
1.1
1.2

2.0

3.0
341

3.2
3.3

3.4

4.0
4.1

4.2
4.3
4.4

5.0
5.1

5.2

Please refer to the IES Bookstore for possible Errata: www.ies.org.

o =] - o 1
Introduction and SCOPE .. vvviitrieinieeeieeresesreerocossssracssssssssssssscsssssssssscssanses 1
14T e [Tt oo R 1
1o o 1= 2
T 1 T 4T 1 T 3
Circadian, Neuroendocrine and Neurobehavioral ResponsestoLight ............ccciiiiviiernnenns 6
Light Detection at the Eye. ... ..ottt it i ettt ittt rie e ia i eanenns 8
Circadian Regulation . ...... ..ottt it ittt ettt enetaeeineraeeanennnennns 8
Daytime Acute Responses to LIght EXPosUre ... ...ovuieiiiiitiiiiiiiitiinirerinneresnesssnssssnnesns 8
337 IMMeEdiate RESPONSES . . .ttt ettt et ettt e e e e 8
3.3.2  CUMUIAtIVE RESPONSES . .ottt ettt ettt ettt ettt e e et e e et et e e et 9
3.3.3  Delayed RESPONSES ...ttt ettt et e e e e e 10
Summary of Human Physiological and Behavioral ResponsestoLight..............cooviiiiiiiiinan... 1
Measurement of Light for Physiological ReSPONSes .....ccvviiirtiiinrieinsroeesrcsenscscnssonnnss 12
T | Y g0 o Y=Y £ ¥y T 12
Where to MEasUIe . ...ttt ittt ittt ittt sttt tateneeenesneeeneenesenesnneeneennenns 13
Photometry and Radiometry ........ouuiuiiniiiiiii ittt ittt iiit i intenaeeneenaens 14
Lighting Equipment, Room Geometry and Finishes, and Individual Location............................ 15

Lighting to Enhance Circadian Entrainment, Alertness, and Performance In Daytime Environments ... 15

General Principles for Lighting Recommendations for Daytime Functioning.............c..coveiien.. 16
51.1  The Mistaken Use of “Circadian” in the Physiological Effects Lexicon .............cooiviiininnen... 17
5.1.2  Designing for Circadian Response vs. Designing for Behavioral Effects..........................o... 18
5.1.3  Designing for Both Visual and Physiological FUNCtions ..............ccoviiiiiiiiiiiinii i ienen.s 18
Lighting Design Considerations .........ouuutiiitiineeereneeeenererennesesnssssnsesssnssssnssssaness 18
5201 Environment Assessment. .. ... e 18
5.2.2 Parameters the Designer Can INflUBNCE . . .. .ottt e e e e 19

5221 llumination atthe Eye ... ... 19

5.2.2.2 Spectrum of the Light Reachingthe Eye ..... ... .o 19


http://www.ies.org

5.3 Calculating Physiological Effects .........ouiiuiniiuiiiiiiiiiiiiiiiii ittt rneeneneenennnns 20

5.3.1 Relevant Visual LIighting Metrics . ... ..ot e e e et 20

5307 LuminoUS FIUX . o e e 20

5.3.1.2  Luminous Efficacy of Radiation (LER). ... ..ottt e 20

5.3.1.3 Melanopic Equivalent Daylight llluminance (Melanopic EDI)...........cccoviiiiiiiin.... 20

5.3.14 Melanopic Daylight Equivalency Ratio (Melanopic DER) ............ccooiiiiiiiiiiiiian.. 20

5.3.1.5 Spectral Effects From Room and Object Surfaces............coooiiiiiiiiiiiii i 21

5.3.2 Safety and Technical ConsSiderations . ..........uuiniuiriie et ettt e e et eaenas 21
5.3.21  Blue-Light Hazard. ..o e e e e 21

5.3.2.2 Use of “Blue-Enriched” SOUICES. ... ...ttt e e e 21

5.3.23  ENergy EfflCiENCY . .ovii e e e e 22

5,324 Glare ..o 22

5.3.2.5 Temporal Light Modulation ........ ...t e e 22

5.3.2.6  Occupant Population Sensitivities . ... 23

5.3.3  Decision Making to Support Physiological Effects ......... ...t 23

T S B =T o | o T o oYl -3 24
5.4.1  Diagrams of Design and Construction Tasks. .. .....uueueutei it ieee i eenaenas 25

5.4.2  Predictive Modeling EXamples. .. ... e 26

5.5 Forecasting Light and Human Health Areas of Interest..........ccoiviiiiiiiiiiiiiiiiiiiiiiiiiiinnn 26
551  ONQOING RESEAICH .. it e e 26

5.5.2 IES Light and Human Health Committee’s Considerations ...t ieens. 26
5521  Continuous MainteNaNCe .. .....uiutn ittt e e 27

5.5.2.2 Series of Recommended PractiCes. ... ...vuuinii it 27

Annex A -Metricsand Models . .....cceeiiiiiiiiiiiiieiiiiiiiieeeeeeesssssetesessessssssoccsossnnasnnes 27
A1 Predictive Model Use Example: MelanopiCEDI .. .......cciiiiiiiiiiiiiiiiiiiiitiinerennnessnneeannnens 27
A1l Open Office Model INpUEValUES . . ..ottt e e et et 27

A2 SIMUIAtion RESUILS . ..o e 31

A3 Simulation ResUlts SUMMaArY ... ... e 32

A.2  OtherMetrics and Models. . ... ouitti ittt ittt taetaeeaaesensansonesensenssancsnssonss 34
A.2.1  Equivalent Melanopic LUX (EIMIL) . . ..ottt ettt e e ettt e e ettt e e et enens 34

A2.2  M/P RO . ettt e 34

A.2.3  Gircadian StMUIUS (CS) ..o v vttt et e e e e e e e e e 34

A.2.4  Recent Translational AppProaches . ... ..ot e e e e et 34



Annex B - Scientific Background..........coiiiiiiiiiiiiiiiittiiiiiiitttttiittiitenatttttttttnnasanas 34

B.1  Light Source and Research Quality Considerations ..........c.oouitiiiieiiiiiiiieeesneesssnssennneoans 35
B.2 Learning That Response to Light Was Not DependentonVision...........ooiiiiiiiiiiiiiiineennnnennn 35
B.3 Photodetection and Visual System ConNeCctions. .......ouvuiieiiieiiiiniieiiiieiieiaenerneeesnenasnes 36
B.4 Circadian, Neuroendocrine, and Neurobehavioral ResponsestoLight.............ccooviiiiiiiiiiinnan, 36
B.4A.T  Melatonin SUPPIESSION . ...ttt ettt ettt ettt e e e e e e, 36

B.4.2  Circadian Phase Setting ... ...c.uuiuiii e e et 37

BA.3  AlINeSS ..ttt e e 38

B.4.3.1T  Measuring Alertness . ...ttt e e e e e e 38

B.4.3.2  NIGhttime ..ottt 39

B4.3.3 DAy time . ottt 39

BiA.3i 4 EVONING t ittt e e e e 41

5 T = i =T £ oy Ve = 41
] =] =] ol 42






Recommended Practice: Supporting the Physiological and

Behavioral Effects of Lighting in Interior Daytime Environments

This preface is not part of ANSI/IES RP-46-23. It is provided
for general informational purposes only.

ANSI/IES RP-46-23 is based on the research citations noted
in the Reference section.

This Recommended Practice (RP) does not provide
general lighting information that is included in other
IES documents. If the reader does not already have this
information, it may be obtained as needed from the
following current IES Standards:

The Lighting Science Series:

« ANSI/IES LS-1-22, Lighting Science: Nomenclature and
Definitions for llluminating Engineering

« ANSI/IES LS-2-20, Lighting Science: Concepts and
Language of Lighting

« ANSI/IES LS-3-20, Lighting Science: Physics and Optics
of Radiant Power

» ANSI/IES LS-4-20, Lighting Science: Measurement of
Light — The Science of Photometry

« ANSI/IES LS-5-21, Lighting Science: Color

« ANSI/IES LS-6-20, Lighting Science: Calculation of Light
and lts Effects

« ANSI/IES LS-7-20, Lighting Science: Vision — Eye and
Brain

 ANSI/IES LS-8-20: Lighting Science: Vision — Perceptions
and Performance

The Lighting Practice Series:

« ANSI/IES LP-1-20, Lighting Practice: Designing Quality
Lighting for People and Buildings

» ANSI/IES LP-2-20, Lighting Practice: Designing Quality
Lighting for People in Outdoor Environments

« ANSI/IES LP-3-20, Lighting Practice: Designing and
Specifying Daylighting for Buildings

« ANSI/IES LP-4-20, Lighting Practice: Electric Light
Sources — Properties, Selection, and Specification

« ANSI/IES LP-6-20, Lighting Practice: Lighting Control
Systems — Properties, Selection, and Specification

« ANSI/IES LP-7-20, Lighting Practice: The Lighting
Design and Construction Process

» ANSI/IES LP-8-20, Lighting Practice: The Commissioning
Process Applied to Lighting and Control Systems

» ANSI/IES LP-9-20, Lighting Practice: Upgrading Lighting
Systems in Commercial and Industrial Facilities

« ANSI/IES LP-10-20, Lighting Practice: Sustainable
Lighting — An Introduction to the Environmental
Impacts of Lighting

« ANSI/IES LP-11-20, Lighting Practice: Environmental
Considerations for Outdoor Lighting

« ANSI/IES LP-12-21, Lighting Practice: loT Connected
Lighting

« ANSI/IES LP-13-21, Lighting Practice: Introduction to
Resilient Lighting Systems

« ANSI/IES LP-16-22, Lighting Practice: Documenting
Control Intent Narratives and Sequences of Operations

1.1 Introduction

This Recommended Practice (RP) is the implemen-
tation companion to [ES TM-18-18, Light and Human
Health: An Overview of the Impact of Optical Radiation on
Visual, Circadian, Neuroendocrine, and Neurobehavioral
Responses' in that it provides recommendations for
translation of the basic science of how light affects
visual, circadian, neuroendocrine, and neurobehavior-
al responses in daytime interior environments, such
as those found in schools and offices. IES TM-18-18
reviewed the discovery of melanopsin and the evidence
demonstrating that these visual, circadian, neuroendo-
crine, and neurobehavioral responses can be anatomi-
cally—and functionally—distinct from visual responses.
This document includes the major advances achieved
since the publication of IES TM-18-18 in understanding
the physiology by which light mediates circadian, neu-
roendocrine, and neurobehavioral responses; however,
this document does not supplant IES TM-18-18. For a
more complete understanding of the topic, this RP
should be read as a companion to IES TM-18-18.

The research community has made significant findings
relative to lighting that is supportive of physiological





