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CIE Technical Notes (TN) are concise informative technical papers, which either have been
prepared by a TC, in which case they will usually form only a part of the outputs from that TC,
or through the auspices of a Division Reportership.

This Technical Note has been prepared by CIE Division Reporter 6-46 of Division 6
“Photobiology and Photochemistry". The document reports on current knowledge and
experience within the specific field of light and lighting described, and is intended to be used
by all with an interest in excellence in light and lighting. The information provided here is
advisory, and not mandatory.

Any mention of organizations or products does not imply endorsement by the CIE. Whilst every
care has been taken in the compilation of any lists, up to the time of going to press, these may
not be comprehensive.
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This Technical Note has been prepared by DR 6-46 “Second International Workshop on
Circadian and Neurophysiological Photoreception”. The Division Reportership comes under
Division 6 “Photobiology and Photochemistry".

The following 18 members of the Second International Workshop on Circadian and
Neurophysiological Photoreception, 2019 (“the workshop”) took part in the preparation of this
Working Draft Technical Note.

The author of this Technical Note is:

Price, L. UK Health Security Agency, Didcot, UK
Advisors:

Brown, T. University of Manchester, UK (Workshop Co-chair)

Wright, K. University of Colorado at Boulder, USA (Workshop Co-chair)

Brainard, G. Thomas Jefferson University, Philadelphia, USA

Cajochen, C. University of Basel, Switzerland

Czeisler, C. Brigham and Women's Hospital and Harvard Medical School,
Boston, USA

Hanifin, J. Thomas Jefferson University, Philadelphia, USA

Lockley, S. Brigham and Women's Hospital and Harvard Medical School,
Boston, USA; Surrey Sleep Research Centre, University of
Surrey, UK

Lucas, R. University of Manchester, UK

Mdinch, M. Massey University, Wellington, New Zealand

O’Hagan, J. CIE Vice President Standards, CIE, Vienna, Austria

Peirson, S. University of Oxford, UK

Roenneberg, T. Ludwig-Maximilian University in Munich, Germany

Schlangen, L. Eindhoven University of Technology, Netherlands

Skene, D. University of Surrey, Guildford, UK

Spitschan, M. Technical University of Munich, Germany

Vetter, C. University of Colorado at Boulder, USA

Zee, P. Northwestern University, Chicago, USA

The Division Reportership was commissioned by the former Division Director of Division 6, John
O’Hagan, but since the summer of 2019 has reported to its present Division Director, Luc
Schlangen.
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Second International Workshop on Circadian and Neurophysiological
Photoreception

Summary

This Technical Note reports on the proceedings and consensus of the invited experts of The
Second International Workshop on Circadian and Neurophysiological Photometry, 2019. This
workshop acted on the basis of a consensus of the participants, who are also the advisers to
this report.

The two papers that followed from this workshop in 2020 and 2022 are cited in the report, and
these take precedence for the interpretation of its scientific consensus, which is also set out
here. Although Technical Notes can also include the personal views of the reporter, the contents
of this report have been agreed with all the advisers, unless explicitly stated. The consensus
and recommendations summarized in this Technical Note do not necessarily represent the
views of the CIE in relation to circadian and neurophysiological photometry.

1 Introduction

The focus of the 2019 Manchester (UK) workshop (“the workshop”) (Brown et al., 2022) related
to making recommendations about how to optimize light exposures for promoting circadian
health, well-being and performance. It identified the central role of melanopsin-based
photoreception in the eye for predicting human physiological responses to light. Its outputs are
intended to provide an interpretation for governments, the lighting community and professionals
working in public health, whilst highlighting the importance of scientific advances and the
growing evidence base in this area.

This Technical Note summarizes the proceedings and consensus of the Second International
Workshop on Circadian and Neurophysiological Photometry held in 2019 in Manchester. CIE
TN 003:2015 (CIE, 2015), Technical Note on the First International Workshop on Circadian and
Neurophysiological Photometry, 2013, dealt with the first workshop in a similar way.
Publications following from both workshops are set out in Table 1.

The workshop considered new evidence about what constitutes healthy light and lighting, and
the workshop’s recommendations are deliberately built on a measurement system introduced
by the 2013 Manchester workshop (“the first workshop”; see CIE TN 003:2015). CIE later
formalized this system as the international standard CIE S 026:2018 (CIE, 2018). The 2019
workshop provided a key next step by agreeing the first explicit international consensus
recommendations for light exposures that support healthy daily variation in physiology, sleep,
and alertness. The recommendations are specified in terms of appropriately quantified
numerical threshold levels and associated timings for when light should be sought or avoided.

The three main recommendations from the workshop below deal with daily exposures to light
for healthy day-active adults (aged between 18 and 55 years), using exposure thresholds as a
function of time-of-day (Brown et al., 2022). The thresholds are expressed in terms of the
melanopic equivalent daylight (D65) illuminance (CIE, 2018) (melanopic EDI, in Ix) measured
at eye height and in the direction of view. The workshop recommendations are described below
(for terminology, see Table 2).

¢ During the daytime the recommended minimum melanopic EDI is 250 Ix, using daylight
if available or, where addition of electric light is required, via white light with a high
melanopic daylight (D65) efficacy ratio (melanopic DER1).

1 During the daytime, Brown et al. (2022) recommend “polychromatic white light [with] a spectrum that, like natural
daylight, is enriched in shorter wavelengths close to the peak of the melanopic action spectrum.” Melanopic DER
is the ratio of melanopic EDI to photopic illuminance, sometimes called the “M/P ratio”.
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e During the evening the recommended maximum melanopic EDI is 10 Ix, starting at least
three hours before bedtime. To achieve low melanopic EDI values, using electric lighting
with a low melanopic DER is advisable.

e During the night, the recommended maximum ambient melanopic EDI is 1 Ix, and the
sleep environment should be as dark as safely possible, reverting to the 10 Ix maximum
melanopic EDI for unavoidable activities where more light is required for vision.

These three recommendations relate to the shaded areas shown in Figure 1 (to blue, grey and
dark grey, respectively), and derive from an interpretation of the data that are summarized in
that Figure.

Whilst there are exceptions to these guidelines, for a range of practical reasons, the workshop’s
consensus view is that these principles now have a sufficiently reliable evidence basis, drawn
from good quality scientific research, and that these initial recommendations can be applied to
architectural and integrative lighting designs, as well as lifestyle advice.

Table 1 — Timeline of key publications following from the 2013 and 2019 Manchester
workshops

The First International Workshop on Circadian and Neurophysiological Photometry
was held in Manchester (UK) on 10-12 January 2013.

A review paper (Lucas et al., 2014) setting out the first workshop consensus,
January with research and a-opic metrological recommendations. The 2014 “irradiance
2014 toolbox” first supported the use of five a-opic irradiances and a-opic equivalent
illuminance quantities relating to non-visual photoreception in humans.

July A Technical Note (CIE, 2015) interpreting the first workshop consensus. This
2015 included the second, Sl-compliant, irradiance toolbox as a CIE publication.

An International Standard (CIE S 026/E:2018, http://doi.org/10.25039/S026.2018)
for the a-opic measurement system, “CIE System for Metrology of Optical
Radiation for ipRGC-Influenced Responses to Light.” The standard retained the

lglg;/gmber approach of the recommendations of the first workshop, harmonized rod and
cone action spectra with existing CIE publications, and adopted the CIE standard
illuminant D65 as the reference daylight spectrum for normalizing a-opic
equivalent photometric quantities, via five new a-opic efficacy constants.
A CIE “a-opic toolbox” based on CIE S 026:2018 (CIE, 2018) to replace the
March irradiance toolbox. The 2019 beta-version and user-guide are superseded by
2019 maintained CIE versions (Schlangen et al., 2019):

(http://doi.org/10.25039/5026.2018.TB, http://doi.org/10.25039/S026.2018.UG).

Ma The 9th edition of the Systéme International (d'unités) (ISBN 978-92-822-2272-
201y9 0), incorporating a CIE reconciliation of the photon and energy systems of
radiometry (from the conversion basis in the first irradiance toolbox)

The Second International Workshop on Circadian and Neurophysiological Photometry
was held in Manchester (UK) on 21-23 August 2019.

October The latest CIE Position Statement on Non-Visual Effects of Light (CIE, 2019). Its

2019 guidance, informed by the 2019 workshop, is for high melanopic EDI during the
day, and low melanopic EDI at night, for people with a regular, day-active
schedule.

April 2020 | A meta-analysis of ecologically valid studies of physiological responses to light
exposures (Brown, 2020) to investigate the explanatory power of the five spectral
sensitivities in CIE S 026, the follow-up to one of the workshop papers

March A review paper setting out the latest workshop’s consensus (Brown et al., 2022),
2022 with recommendations about healthy exposures to light.
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