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Abstract. This study examines the inconsistencies
between scientific advances in daylight metrics #rar
implementation in the regulations and certification
standards governing workplace design. Over the last
decades, climate-based daylight metrics (CBDMs)ehav
become prevalent in research, since this measorades

a more realistic representation of annual daylight
variations. Added to CBDMSs, novel metrics including
perceptual metrics and indicators of the non-vigfdcts

of daylight have been developed. However, the
implementation of advanced metrics in building
regulations and standards is still limited and iistent
with advanced approaches. A structured comparativay
was conducted to assess the alignment of lighting
regulations and certification standards with sdfient
evidence. Our analysis was focused on the typepdeah
dimension and role of metrics in laws, standardd an
certification standards. Our results demonstrageactural
mismatch: whereas dynamic, perceptual and circadian
metrics are increasingly wused in studies, their
implementation in regulations and standards iklstilted.
Certification standards serve as a stepping stonthé
incorporation of advanced metrics into regulationd/e
need to advance towards a more consistent and atites
use of daylight performance metrics combining treaial,
perceptual and physiological dimensions of natligak to
align building regulations and design practice with
scientific knowledge.

Keywords: Daylight metrics, climate-based daylighting,
workspaces, building lighting standards, buildingrtification
systems.

1. Introduction

The evidence currently available on the impact of
daylighting performance on visual comfort, occupaatl-
being [1] and energy efficiency [2] in workspacess Hed
daylighting performance assessment to become aatruc
factor in architectural design.

Over the last decades, research studies have tamikis
underscored the limitations of traditional statietrits
while supporting the alternative use of CBDMs famare

realistic representation of annual natural lightiattons

[3]. In parallel, daylight evaluation approaches have
extended beyond merely photometric criteria to
progressively include novel perceptual, user-ceater
metrics and indicators of the non-visual effects of
daylight.

However, the consolidation of advanced approaches i
recent research has not fully translated into their
consistent integration in regulations and -certifaa
standards. These findings raise concerns about the
alignment between scientific evidence and reguaaod
design practices.

Taking the findings of Entrena-Martinez et al. B a
reference, we conducted a comparative study of lwide
accepted daylighting performance metrics in theeméec
literature and the metrics implemented in the ragohs
and certification standards currently in force.

2. Methods

A structured comparative study was carried outsseas
the alignment of the criteria adopted in buildinghting
regulations and certification standards with tha&ence
provided in the scientific literature. This studgesd not
provide new estimations or quantifications, butakes
the results of the systematic review conducted by
Entrena-Martinez et al. [4] as the scientific fravoek of
reference.

A. Scientific framework of reference

This study is based on the results reported byeBatr
Martinez et al. [4]. The authors identified andssified
the metrics used in the recent literature to assess
daylighting performance in workspaces into four
categories: static metrics; climate-based daylighti
metrics (CBDMSs); occupant-centered perceptual wetri
and metrics for the non-visual effects of light. eTh
systematic review by Entrena-Martinez et al. [4jeaded
that annualized CBDMs have become predominanten th
literature, whereas perceptual and circadian nmeestil
demonstrate limited integration. For the purposeeus
study, these conclusions were assumed to outliee th



state of affairs in this field and were not recdesed in
our study.

Table 1 summarizes the relevant metrics identited
defines acronyms, categories and relevant litezatur
references. New evaluations or reinterpretatiores raot
provided.

Table I. - Summary and classification of dayligbtformance
evaluation metrics in workspaces, as identifiedhyrena-
Martinez et al. [4].

METRIC |
STATIC METRICS

REFERENCES

Em Mean horizontal illuminance af2],[5]-[17]
the workplane
(U] llluminance uniformity [2],[6].[8].[10],[13],
17
DF Daylight Factor [1],[6],[10],[18]
CLIMATE-BASED DAYLIGHT METRICS
DA Daylight Autonomy [5]-[6],[19]-[22]

DAo.co Continuous Overcast Daylight [20]
n Autonomy

sDA  Spatial Daylight Autonomy [1]-[2].[5].[9].[12]-
[13],[20]-[33]
uDlI Useful Daylight llluminance [1]-[2],[6].[8].[1p
[11],[18]-[24],[27],
[29]-[31],[34]-[44]
sUDI  Spatial Useful Daylight [17],[21]
llluminance
ASE  Annual Sunlight Exposure [9]-[10],[13],[19]-
[20],[22]-[23],[26]-
(28],[30]-[31]
DGP  Daylight Glare Probability [2],[6],[8].[11]-[12
[17],[19],[29],[32]-
[34],[40]
DGPs Simplified Daylight Glare [42]
Probability
GA Glare Autonomy [19]
sGA  Spatial Glare Autonomy [12],[17]-[19],[29]
[33]-[34]
UOD  Uniformity of Daylight [32]

VF Visual-effective Frequency [7]
PERCEPTUAL METRICS
pDA  Perceptual Daylight Autonomy [6]

spDA  Spatial Perceptual Daylight [6]
Autonomy

EVQ Exterior View Quality [1],[16],[42],[45]
NON-VISUAL METRICS

Ev Vertical illuminance at eye  [1],[14],[16]
level

EML  Equivalent Melanopic Lux [11]

m-EDI Melanopic Equivalent Daylight{1],[7],[11], [46]
llluminance

CF Circadian Frequency [1],[7]

CSA  Circadian Stimulus Autonomy [20],[31]

DVIA Daylight Vertical llluminance [33]
Availability

These metrics constitute the scientific framework o
reference for our comparative analysis of buildiggting
regulations, standards and certification systems.

B. Scope and comparative criteria
This study examines the consistency between predonhi

metrics in the literature and their level of intefpn into
prescriptive building regulations and non-mandatory

certification systems that respectively govern guditle
daylighting design in workplaces. We selected thestm
relevant regulatory policies and certification stards in
professional practice that include natural lighting
requirements.

The aspects considered included the type, temporal
dimension and role of metrics in laws, standardd an
certification systems, with special attention p&dthe
level of integration of CBDMs and non-visual megtic
The objective of this study was to identify consigties,
inconsistencies and underlying discrepancies betlee
latest scientific evidence and its integration into
regulatory policies and certification schemes.

3. Regulatory framework for daylighting
performance evaluation metrics for
wor kspaces

Daylighting performance evaluation is governed tset

of national and international laws, codes and non-
mandatory standards regulating indoor lighting giesi
and evaluation in workspaces. This Section analjfses
metrics implemented in regulatory documents for
assessing natural lighting in workplaces.

A. Sanish and European regulatory framework
governing lighting in workspaces

The UNE-EN 12464-1:2022 [47], which entirely adopts
EN 12464-1:2021 [48], establishes indoor illuminanc
thresholds for workplaces. This standard of refeeeis
used to demonstrate compliance with the lighting
requirements established in Spanish Royal Decree
486/1997 [49]. This document sets Minimum Maintdine
Average llluminance fm) thresholds for each type of
visual task, along with Minimum Illuminance Thre&t®
for surrounding and background areas. In the tvsesa
overall uniformity (U7J) thresholds are provided to avoid
excessive lighting contrast across areas and eruame
light distribution on the workspace. AdditionallyNE-

EN 12464-1:2022 incorporates Maintained Average
Cylindrical Illluminance Em,z), relevant to facial
expression visibility and three-dimensional periaept
Minimum thresholds are additionally established for
Vertical Wall Illluminance Em,wall) and Horizontal
Ceiling llluminance Em,ceiling). These parameters are
included in the formulas for evaluating average
environment illuminance, which is crucial for spéti
perception.

It is worth noting that only a part of these medraan be
directly applied to daylighting or mixed lighting
performance evaluation. Strictly photometric partarse
including Average llluminance; Cylindrical llluminae;
Wall and Ceiling Illluminance; and Surrounding
llluminance, can be implemented regardless of yipe t
of light source. Additionally, metrics such as Qaler
Uniformity (U0); Unified Glare Rating (UGR); Color
Rendering Index (Ra); Special Color Rendering Index
(Ri); and Correlated Color Temperature (Tcp) are
primarily applied to artificial lighting. These migts are
calculated assuming a stable, controllable illumasa



distribution, whereas natural light distribution ries
across time and space.

Along with the Spanish Technical Building Code (QTE
[50], UNE-EN 12464-1 is one of the most widely at#mp
standards for indoor illuminance design and evalnain
workspaces. However, these documents do not define
specific daylighting performance evaluation metricsthe
CTE, lighting performance is mostly addressed img=of
energy efficiency. This Code sets minimum energy
efficiency thresholds for lighting installations B#I_lim)
and maximum thresholds for the total installed powok
lamps and auxiliary equipment per unit of illumiedtarea
(PTOT/STOT). Moreover, the use of artificial lighgi
control and modulation systems is compulsory, whih
applicable to mixed lighting conditions. The CTHEu&es
the installation of adjustable daylight harvestsystems
that adjust to the available natural light to ersatequate
illumination levels under the conditions definedlaw.

B. Spanish and European regulatory framework for
daylight performance evaluation

UNE-EN 17037:2020+Al1 [51], which adopts EN
17037:2018+A1:2021 [52], defines a standardized
methodology for evaluating natural light performara
built spaces.

This standard establishes the Target llluminand® @nhd
Minimum Target llluminance (ETM) levels that shoudd
achieved for at least 50% of the daylight hours igear
across a specified percentage of the working pkree.
Certainly, ET and ETM illuminance criteria introduc
spatio-temporal conditions comparable to thoseidensd

in some sDA thresholds; however, ET and ETM differ
conceptually and methodologically from CBDMs and
cannot be considered to be equivalent.

UNE-EN 17037:2020+A1 also includes Daylight Glare
Probability (DGP) for evaluating glare from sunligh
Additionally, this standard establishes criterindasessing
exterior view quality based on horizontal view angl
distance from external view, and number of layéasthie.
Sunlight exposure is also evaluated on the basia of
minimum time of sunlight exposure on a given date i
uncovered sky conditions.

In Spain, the non-mandatory standard UNE-EN 17@37 i
commonly applied as a complementary reference ¢o th
Technical Building Code (CTE) [50].

C. International regulatory framework for daylighting
performance evaluation

A variety of international regulatory documentsabéish
procedures for assessing performance in daylightasgd

on the latest scientific evidence. The Americanidetl
Standard ANSI/IES LM-83-23 [53], a national ANSI-
approved standard released by the Illuminating
Engineering Society (IES)s the standard of reference in
USA. This standard explicitly incorporates CBDMspne
specifically sDA and ASE, into annualized hourly dets
and probabilistic criteria.

The ISO/CIE 8995-1:2025 standard [54] establishes
lighting requirements for indoor workspaces that ar
applicable to artificial, mixed or natural lighting
Moreover, the standard integrates the Melanopic

Equivalent Daylight Illuminance (m-EDI) metric, an
indicator of non-visual light effects.

In China, the GB/T 5699-2025 [55] standard, which
replaces GB/T 5699-2017, contemplates static
daylighting metricsas DF and introduces Uniformity
Ratio of Daylighting, as well as non-visual indimat and
exterior view quality requirements.

4. Environmental and occupant well-being
certification systems: Integration of
daylight metrics

Daylight availability and performance evaluationtrits
have recently been incorporated into diverse
environmental and occupant well-being certification
standards. The variety of methods and approaches
adopted highlight differences in daylighting teahres
and performance thresholds. These non-mandatory
certifications have contributed to the progressive
incorporation of advanced metrics into professional
practice.

In the field of energy efficiency and sustainaljlitEED

v5 certification (Leadership in Energy and Enviramtal
Design) [56] is the most consolidated example of
CBDMs integration. This certification standard esiply
makes reference to the provisions set forth in LB&
83-23 as guidance for evaluating daylighting
performance. Moreover, this standard defines sDA an
ASE as quantitative indicators in credit EQEcupant
Experience. In addition, it establishes the distance
between regularly occupied areas and envelopengiazi
By adopting hourly daylighting modeling and
probabilistic criteria, LEED v5 certification diryg
translates CBDMs from the scientific literature aint
daylighting performance evaluation practice.

Credit Hea-01: Natural Light of BREEAM New
Construction v7 (Building Research Establishment
Environmental Assessment Method) certification ayst
[57] established a variety of methods for evaluatin
daylighting  performance, including verification
approaches based on daylight illuminance threshé&is
17037 requirements, and IES LM-83-23 climate-based
daylight metrics, as specified in guidance note GRD.
The WELL Building Standard v2 [58] relies on IES EM
83 indoor daylighting evaluation metrics along wiEh
17037 requirements. This standard additionally ictans
the circadian effects of daylight and includes ditative
metrics such as Equivalent Melanopic Lux (EML) amd
EDI based equivalent formulations. Moreover, this
standard includes prescriptive spatial and facazkgd
requirements to optimize daylighting performance in
occupied spaces.

In other certification systems, a combined approech
adopted. An example is Fitwel v3, Section 07:
Workspaces-Daylighting Access [59], which defines two
alternative methods to verify daylight availabilityased

on compliance with defined design requirements or
through modeling-based assessment methods; in the
latter, sDA is used as an objective way to verifig t
percentage of an area that receives sufficientigtatyl

Living Building Challenge 4.1 [60] establishes dght
availability and visual comfort requirements acéogdto



daylighting design and geometrical verificationtexia. A
comparable approach is adopted by Green GlobegedUni
States and Canada) [61] and Ascent (outside theandS
Canada) [62], which additionally define the usééf as a
guantitative daylight performance indicator.

5. Discussion

provide the intermediate step towards the transfer
scientific evidence into mandatory regulations. CEE
and BREEAM, among others, have contributed to the
integration of CBDMs, primarily sDA and ASE, into
daylighting practice, albeit with disparate scopesgls

of enforceability and verification methods. Unlik¢her
certification systems, the WELL Building Standard
incorporates EML-baseda-opic indicators, thereby

This study assesses consistency between the mostintegrating physiological dimensions into dayligafi

commonly-used daylighting performance metrics ie th
recent literature and their selective incorporatioho
building regulatory frameworks. The results hightighat
building laws and standards are not systematicgdtjated

on the basis of the latest scientific evidence.

The study conducted by Entrena-Martinez et al. [4]
revealed that CBDMs have become essential for
annualized daylight performance evaluation. The ofe
UDI, sDA, ASE and DGP is widespread in the literafu
however, the implementation of these indicators in
building regulations and standards is still partaid
inconsistent.

Our findings indicate that current regulations iadist
incorporate advanced metrics and rely on evaluation
approaches that differ from those commonly used in
research. Whereas a dynamic, probabilistic,
approach is adopted in research, regulations piteri
prescriptive, static, threshold-based criteria.
summarized in Figure 1, certification standardsaiean
intermediate point.

As

| SCIENTIFIC RESEARCH |

Representational Approach

e Dynamic & Probabilistic
¢ Annual Performance
e Visual & Non-Visual Metrics

Operational

Structural
Translation

Mismatch

REGULATORY FRAMEWORKS |

Prescriptive Approach

CERTIFICATION STANDARDS

Translational Approach

o Threshold-Based
* Reference Conditions
* Normative Criteria

e Hybrid Approach Partial
* Advanced Metrics

* Voluntary Assessment

Transfer

Fig. 1. Structural relationships between approactoe
daylight performance assessment

These discrepancies do not stem from a lack of stobu
evidence supporting the usefulness of CBDMSs; rattiner
limited incorporation of advanced metrics in lamsda
regulations is due to the fact that regulatory rerm
prioritize stable, simple and universally-applielotiteria
over multi-parametric modeling of variable phenomen
such as daylight. In consequence, mandatory bgildin

regulations adopt a prescriptive approach based on

thresholds and standard situations, rather thanaon
integrative and continuous evaluation of daylightin
performance thorough a year.

This rigid approach partially explains the limited
implementation of such widely-used metrics in the
literature as UDI. Translating this metric into gqoéevocal
prescriptive criteria is hindered by its multi-paetric
nature, added to its reliance on evaluator's ingeagion.

By integrating advanced metrics into daylighting
performance evaluation guidelines, certificatiorsteyns

annual

evaluation.

This comparative study reveals an inconsistent eisdg
CBDMs across research studies, building regulatory
frameworks and certification systems. This finding
highlights the necessity of developing a theorética
framework that ensures a consistent use of daytight
performance evaluation metrics across their differe
levels of application. The partial and inconsistas¢ of
visual, non-visual and perceptual metrics hindeoss:
study comparability and limits the effective traersbf
scientific knowledge into practice and regulatomyda
certification procedures.

6. Conclusion

This study assesses the level of consistency batéee
most widely-used daylighting performance evaluation
metrics for workspaces in recent research studidstize
metrics adopted in relevant regulatory frameworkd a
certification systems. Taking the study of Entrena-
Martinez et al. [4] as a reference, we concludedt th
although CBDMs are widely applied in research ssdi
their incorporation into daylighting regulationsarsdards
and certification systems has been partial
inconsistent. This finding underscores the lacla délly
structured theoretical framework for a consisteansfer
of scientific evidence into regulatory and certfion
schemes.

This state of affairs is not due to the lack ofidol
evidence on the effectiveness of CBDMs, but torthei
challenging transferability to regulatory and degtition
procedures, which seek to establish clear, vetdiamd
universally-applicable criteria. Certification stimds
operate as an intermediate step for the evidensedba
integration of advanced metrics in daylighting desi
practice, although the use of non-visual metricstit
limited.

It is necessary to advance towards a more integrati
theoretical framework that ensures the consistent
implementation of visual, perceptual and physiatagi
daylighting performance metrics across researctliesy
professional practice, regulatory frameworks and
certification standards.

Reducing this gap is crucial to improve methodaiabi
consistency and ensure the alignment of desigrtipeac
with scientific knowledge on daylight variations dan
effects on human well-being.

and
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