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realistic representation of annual natural light variations
[3]. In parallel, daylight evaluation approaches have
extended beyond merely photometric criteria to

Abstract. This study examines the inconsistencies
between scientific advances in daylight metrics and their
implementation in the regulations and certification
standards governing workplace design. Over the last Progressively include novel perceptual, user-centered
decades, climate-based daylight metrics (CBDMs) have Metrics and indicators of the non-visual effects of
become prevalent in research, since this measure providesdaylight-

a more realistic representation of annual day“ght However, the consolidation of advanced approaCheS in
variations. Added to CBDMs, novel metrics including recent research has not fully translated into their
perceptual metrics and indicators of the non-visual effects consistent integration in regulations and certification
of daylight have been developed. However, the standards. These findings raise concerns about the
implementation of advanced metrics in building alignment between scientific evidence and regulatory and
regulations and standards is still limited and inconsistent design practices.

with advanced approaches. A structured comparative study Taking the findings of Entrena-Martinez et al. [4] as a
was conducted to assess the alignment of lighting reference, we conducted a comparative study of widely
regulations and certification standards with scientific accepted daylighting performance metrics in the recent
evidence. Our ana|ysis was focused on the type' tempora| literature and the metrics implemented in the regulations
dimension and role of metrics in laws, standards and and certification standards currently in force.

certification standards. Our results demonstrate a structural

mismatch: whereas dynamic, perceptual and circadian 2. Methods

metrics are increasingly wused in studies, their

implementation in regulations and standards is still limited. A structured comparative study was carried out to assess
Certification standards serve as a stepping stone to the the alignment of the criteria adopted in building lighting
incorporation of advanced metrics into regulations. We regulations and certification standards with the evidence
need to advance towards a more consistent and integrative provided in the scientific literature. This study does not

use of daylight performance metrics combining the visual,
perceptual and physiological dimensions of natural light to
align building regulations and design practice with
scientific knowledge.

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

1. Introduction

The evidence currently available on the impact of
daylighting performance on visual comfort, occupant well-
being [1] and energy efficiency [2] in workspaces has led

provide new estimations or quantifications, but it takes
the results of the systematic review conducted by
Entrena-Martinez et al. [4] as the scientific framework of
reference.

A. Scientific framework of reference

This study is based on the results reported by Entrena-
Martinez et al. [4]. The authors identified and classified
the metrics used in the recent literature to assess
daylighting performance in workspaces into four
categories: static metrics; climate-based daylighting
metrics (CBDMSs); occupant-centered perceptual metrics;
and metrics for the non-visual effects of light. The

daylighting performance assessment to become a crucial systematic review by Entrena-Martinez et al. [4] revealed
factor in architectural design. that annualized CBDMs have become predominant in the
Over the last decades, research studies have consistentlyliterature, whereas perceptual and circadian metrics still
underscored the limitations of traditional static metrics demonstrate limited integration. For the purposes of our
while supporting the alternative use of CBDMs for a more study, these conclusions were assumed to outline the
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state of affairs in this field and were not reconsidered in
our study.
Table 1 summarizes the relevant metrics identified and
defines acronyms, categories and relevant literature
references. New evaluations or reinterpretations are not
provided.

Table I. - Summary and classification of daylight performance
evaluation metrics in workspaces, as identified by Entrena-
Martinez et al. [4].

METRIC | REFERENCES
STATIC METRICS
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].[10]-
(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 of
reference for our comparative analysis of building lighting
regulations, standards and certification systems.

B. Scope and comparative criteria

certification systems that respectively govern and guide
daylighting design in workplaces. We selected the most
relevant regulatory policies and certification standards in
professional practice that include natural lighting
requirements.

The aspects considered included the type, temporal
dimension and role of metrics in laws, standards and
certification systems, with special attention paid to the
level of integration of CBDMs and non-visual metrics.
The objective of this study was to identify consistencies,
inconsistencies and underlying discrepancies between the
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 by a set
of national and international laws, codes and non-
mandatory standards regulating indoor lighting design
and evaluation in workspaces. This Section analyses the
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 illuminance
thresholds for workplaces. This standard of reference is
used to demonstrate compliance with the lighting
requirements established in Spanish Royal Decree
486/1997 [49]. This document sets Minimum Maintained
Average llluminance fm) thresholds for each type of
visual task, along with Minimum Illuminance Thresholds
for surrounding and background areas. In the two cases,
overall uniformity (U7J) thresholds are provided to avoid
excessive lighting contrast across areas and ensure even
light distribution on the workspace. Additionally, UNE-
EN 12464-1:2022 incorporates Maintained Average
Cylindrical Illuminance Em,z), relevant to facial
expression visibility and three-dimensional perception.
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 spatial
perception.

It is worth noting that only a part of these metrics can be
directly applied to daylighting or mixed lighting
performance evaluation. Strictly photometric parameters;
including Average llluminance; Cylindrical llluminance;
Wall and Ceiling Illluminance; and Surrounding
llluminance, can be implemented regardless of the type
of light source. Additionally, metrics such as Overall
Uniformity (U01); Unified Glare Rating (UGR); Color
Rendering Index (Ra); Special Color Rendering Index
(Ri); and Correlated Color Temperature (Tcp) are

This study examines the consistency between predominant primarily applied to artificial lighting. These metrics are

metrics in the literature and their level of integration into
prescriptive building regulations and non-mandatory
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calculated assuming a stable, controllable illuminance
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distribution, whereas natural light distribution varies
across time and space.

Along with the Spanish Technical Building Code (CTE)
[50], UNE-EN 12464-1 is one of the most widely adopted
standards for indoor illuminance design and evaluation in
workspaces. However, these documents do not define
specific daylighting performance evaluation metrics. In the
CTE, lighting performance is mostly addressed in terms of
energy efficiency. This Code sets minimum energy
efficiency thresholds for lighting installations (VEEI_lim)
and maximum thresholds for the total installed power of
lamps and auxiliary equipment per unit of illuminated area
(PTOT/STOT). Moreover, the use of artificial lighting
control and modulation systems is compulsory, which is
applicable to mixed lighting conditions. The CTE requires
the installation of adjustable daylight harvesting systems
that adjust to the available natural light to ensure adequate
illumination levels under the conditions defined by law.

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 performance in
built spaces.

This standard establishes the Target llluminance (ET) and
Minimum Target Illluminance (ETM) levels that should be
achieved for at least 50% of the daylight hours in a year
across a specified percentage of the working plane area.
Certainly, ET and ETM illuminance criteria introduce
spatio-temporal conditions comparable to those considered
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 sunlight.
Additionally, this standard establishes criteria for assessing
exterior view quality based on horizontal view angle,
distance from external view, and number of layers visible.
Sunlight exposure is also evaluated on the basis of a
minimum time of sunlight exposure on a given date in
uncovered sky conditions.

In Spain, the non-mandatory standard UNE-EN 17037 is
commonly applied as a complementary reference to the
Technical Building Code (CTE) [50].

C. International regulatory framework for daylighting
performance evaluation

A variety of international regulatory documents establish
procedures for assessing performance in daylighting based
on the latest scientific evidence. The American National
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 CBDMs, more
specifically sDA and ASE, into annualized hourly models
and probabilistic criteria.

The ISO/CIE 8995-1:2025 standard [54] establishes
lighting requirements for indoor workspaces that are

applicable to artificial, mixed or natural lighting.
Moreover, the standard integrates the Melanopic
https://doi.org/10.24084/eqj26-220 28

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 indicators and
exterior view quality requirements.

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

Daylight availability and performance evaluation metrics
have recently been incorporated into diverse
environmental and occupant well-being certification
standards. The variety of methods and approaches
adopted highlight differences in daylighting techniques
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 sustainability, LEED
v5 certification (Leadership in Energy and Environmental
Design) [56] is the most consolidated example of
CBDMs integration. This certification standard explicitly
makes reference to the provisions set forth in IES LM-
83-23 as guidance for evaluating daylighting
performance. Moreover, this standard defines sDA and
ASE as quantitative indicators in credit EQE&cupant
Experience. In addition, it establishes the distance
between regularly occupied areas and envelope glazing.
By adopting hourly daylighting modeling and
probabilistic criteria, LEED v5 certification directly
translates CBDMs from the scientific literature into
daylighting performance evaluation practice.

Credit Hea-01: Natural Light of BREEAM New
Construction v7 (Building Research Establishment
Environmental Assessment Method) certification system
[57] established a variety of methods for evaluating
daylighting  performance, including verification
approaches based on daylight illuminance thresholds, EN
17037 requirements, and IES LM-83-23 climate-based
daylight metrics, as specified in guidance note GN50 0.0.
The WELL Building Standard v2 [58] relies on IES LM-
83 indoor daylighting evaluation metrics along with EN
17037 requirements. This standard additionally considers
the circadian effects of daylight and includes quantitative
metrics such as Equivalent Melanopic Lux (EML) and m-
EDI based equivalent formulations. Moreover, this
standard includes prescriptive spatial and facade design
requirements to optimize daylighting performance in
occupied spaces.

In other certification systems, a combined approach is
adopted. An example is Fitwel v3, Section 07:
Workspaces-Daylighting Access [59], which defines two
alternative methods to verify daylight availability: based
on compliance with defined design requirements or
through modeling-based assessment methods; in the
latter, sDA is used as an objective way to verify the
percentage of an area that receives sufficient daylight.
Living Building Challenge 4.1 [60] establishes daylight
availability and visual comfort requirements according to
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daylighting design and geometrical verification criteria. A

provide the intermediate step towards the transfer of

comparable approach is adopted by Green Globes (United scientific evidence into mandatory regulations. LEED
States and Canada) [61] and Ascent (outside the US and and BREEAM, among others, have contributed to the

Canada) [62], which additionally define the use of DF as a
guantitative daylight performance indicator.

5. Discussion

integration of CBDMs, primarily sDA and ASE, into
daylighting practice, albeit with disparate scopes, levels
of enforceability and verification methods. Unlike other
certification systems, the WELL Building Standard
incorporates EML-baseda-opic indicators, thereby

This study assesses consistency between the mostintegrating physiological dimensions into daylighting

commonly-used daylighting performance metrics in the

recent literature and their selective incorporation into

building regulatory frameworks. The results highlight that

building laws and standards are not systematically updated
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 use of
UDI, sDA, ASE and DGP is widespread in the literature;

however, the implementation of these indicators in

building regulations and standards is still partial and

inconsistent.

Our findings indicate that current regulations partially

incorporate advanced metrics and rely on evaluation
approaches that differ from those commonly used in
research. Whereas a dynamic, probabilistic, annual
approach is adopted in research, regulations priorizite
prescriptive, static, threshold-based criteria. As

summarized in Figure 1, certification standards lie at an
intermediate point.

| 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
* Advanced Metrics
* Voluntary Assessment

Partial

Transfer

Fig. 1. Structural relationships between approaches to
daylight performance assessment

These discrepancies do not stem from a lack of robust
evidence supporting the usefulness of CBDMs; rather, the
limited incorporation of advanced metrics in laws and
regulations is due to the fact that regulatory norms
prioritize stable, simple and universally-applicable criteria
over multi-parametric modeling of variable phenomena
such as daylight. In consequence, mandatory building
regulations adopt a prescriptive approach based on
thresholds and standard situations, rather than on an
integrative and continuous evaluation of daylighting
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 unequivocal
prescriptive criteria is hindered by its multi-parametric
nature, added to its reliance on evaluator's interpretation.
By integrating advanced metrics into daylighting
performance evaluation guidelines, certification systems
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evaluation.

This comparative study reveals an inconsistent usage of
CBDMs across research studies, building regulatory
frameworks and certification systems. This finding
highlights the necessity of developing a theoretical
framework that ensures a consistent use of daylighting
performance evaluation metrics across their different
levels of application. The partial and inconsistent use of
visual, non-visual and perceptual metrics hinders cross-
study comparability and limits the effective transfer of
scientific knowledge into practice and regulatory and
certification procedures.

6. Conclusion

This study assesses the level of consistency between the
most widely-used daylighting performance evaluation
metrics for workspaces in recent research studies and the
metrics adopted in relevant regulatory frameworks and
certification systems. Taking the study of Entrena-
Martinez et al. [4] as a reference, we concluded that
although CBDMs are widely applied in research studies,
their incorporation into daylighting regulations, standards
and certification systems has been partial and
inconsistent. This finding underscores the lack of a fully
structured theoretical framework for a consistent transfer
of scientific evidence into regulatory and certification
schemes.

This state of affairs is not due to the lack of solid
evidence on the effectiveness of CBDMs, but to their
challenging transferability to regulatory and certification
procedures, which seek to establish clear, verifiable and
universally-applicable criteria. Certification standards
operate as an intermediate step for the evidence-based
integration of advanced metrics in daylighting design
practice, although the use of non-visual metrics is still
limited.

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

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