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This aspect must be carefully designed and/or pro-
grammed to provide lighting only in areas where it 
is strictly necessary. Examples include building en-
trances, stairs, ramps, changes in floor level, and 
back sections of parking lots, among others.

In this context, the traditional criterion of lighting 
uniformity should not be adopted for transit paths— 
whether pedestrian or vehicular—or any other types 
of areas, because the nature of the site demands 
minimizing the volume of implemented light. 
Consequently, continuously illuminating the entirety of 
these surfaces is inappropriate.

Currently, Supreme Decree No. 01 (D.S. N°01, Chile’s 
lighting pollution regulation, 2022) establishes 
that fixtures located in Special Protection Areas 
(Astronomical Communes) must comply with the 
following requirements:

A.	 Full enclosure requirement: Fixtures must ex-
hibit zero upward hemispherical flux, emitting a 
maximum of 0.49 cd/klm at a gamma angle of 
90°, and zero emission above said angle in any 
photometric C-plane, considering the fixture in 
its mounting position, generally at 0° relative 
to the horizontal. This guarantees an upward 
hemispherical flux (Upward Light Ratio—ULR) 
equal to zero.

B.	 Spectral requirement: Fixtures must emit less 
than 1% of flux in the blue band (380–499nm), 
less than 1% in the ultraviolet band (300–379 
nm), and less than 10% in the infrared band 
(780–1000 nm). All of this is based on the total 
radiance content in the visible spectrum (380–
780 nm).

C.	 Certification requirement: The aforemen-
tioned conditions must be verified through a 
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certification process, in which these parameters 
are evaluated, measured, and duly accredited.

However, the fixtures to be specified in an instal-
lation project for an optical observatory operating 
in the visible and infrared spectrum should, ideally, 
exceed these requirements, considering the nature 
of the site and the high sensitivity of the instru-
ments to be deployed.

3.1 / Need for Ultra-Narrow Spectrum 
Fixtures

Currently, there are LED technologies specifical-
ly designed to further narrow the emission spec-
trum, aiming to minimize the environmental impact 
of outdoor lighting while simultaneously improving 
luminous efficiency by concentrating the emission 
within the range of the human eye’s highest sen-
sitivity.

One of the most relevant solutions in this context is 
amber LED fixtures of approximately 590 nanome-
ters, which are particularly suitable for ecologically 
sensitive environments or areas near natural hab-
itats. For example, the company Access Fixtures 
(USA) offers products in both “PC amber” and “590 
Nanometer Amber” versions, thereby covering two 
distinct spectral categories.

PC amber typically corresponds to the light spec-
trum considered acceptable under D.S. N°01 in 
Chile, as it significantly reduces emissions in the 
blue-violet band (between 380 and 499 nm), keep-
ing it below 1% relative to the total spectrum (be-
tween 380–780 nm).

“590 Nanometer Amber” features an even stricter 
spectral cutoff, limiting practically all emission 
in the blue and part of the green bands (up to 
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approximately 570 nm). This could contribute to 
a further reduction in light pollution by minimizing 
atmospheric scattering and the impact on 
biodiversity sensitive to these wavelengths.

This type of spectrum can be described as an 
intermediate state between the spectrum of a 
blue-free LED (with less than 1% emission between 
380 and 499 nm), commonly referred to as “amber 
LED,” and the spectrum of low-pressure sodium—a 
practically monochromatic technology in the 
yelloworange range that is currently obsolete. This 
can be seen in Figure 8.

A. Main Benefits of the “590 Nanometer Amber” 
Technology:

	+ Wildlife-friendly: The 590 nm wavelength is 
practically imperceptible to many nocturnal 
species (such as sea turtles, birds, and insects), 
which reduces disruption to them.

	+ Low light pollution: These fixtures minimize 
glare and skyglow, favoring the conservation of 
the night sky.

Fig. 8. Comparison between light spectra: low-pressure sodium 
(left); “590 Nanometer Amber” (center), and “PC Amber” (right). 
Source: Access Fixtures, 590nm Light: Amber LED Fixtures - 
FWC, PC Amber, and 2200K.
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Source: Access Fixtures, 590nm Light: Amber LED Fixtures - FWC, PC 
Amber, and 2200K. 
Source: https://www.accessfixtures.com/amber-led-fixtures-fwc-pc-
amber-590nm-amber-and-2200k/

	+ High energy efficiency: They require lower en-
ergy consumption, offer a long lifespan, and 
contribute to the reduction of maintenance 
costs and carbon emissions.

B. Limitations

	+ Due to their low color rendering index (CRI), 
these fixtures are not suitable for applications 
requiring precise color perception, such as in-
door workspaces or inspection tasks.

	+ Their application should be reserved for con-
texts where environmental protection and the 
mitigation of impact on wildlife are priorities.

More information: https://www.accessfixtures.
com/590-nm-led-lighting/
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3.2 / Need for Ultra-Shielded Fixtures

Regarding outdoor fixtures intended primarily for 
circulation purposes, it is necessary to exceed the 
full enclosure requirement established by D.S. No. 
01. In other words, the probability of a direct lineof- 
sight to the light-emitting sources from any possi-
ble observation point associated with photosensi-
tive instruments must be minimized to the greatest 
extent possible.

A. Practical Example: Cerro Tololo (AURA-NOIR-
Lab)

Figure 9 shows a type of fixture implemented at 
the Cerro Tololo observatory facilities. This fixture 
is characterized by a monochromatic color within 
the red spectrum; however, its enclosure is far from 
being considered full, generating an upward hemi-
spherical flux of approximately 30–40%.

The protective grille is an accessory intended to 
prevent the glass enclosure from breaking (me-
chanical protection) and marginally reduces the 
luminous flux output; however, it is not designed 
to contribute to shielding toward the upper hemi-
sphere. It is worth noting that these fixtures are 
currently out of service.

Credit: OPCC

Fig 9. Photographs of the existing fixtures at the Cerro Tololo 
(AURA-NOIRLab) facilities.

OUTDOOR LIGHTING
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Fig 10. Photographs of the existing fixtures at the temporary 
facilities of the future GMT site.

B. Practical Example: Temporary Facilities of 
the Future Giant Magellan Telescope (GMT) 
Observatory)

The fixtures currently installed for circulation light-
ing consist of low-mounted LED wall sconces. 
From a spectral standpoint, they exhibit suitable 
characteristics for this type of site, as their emis-
sion is concentrated within the monochromatic red 
range (Figure 10).

However, regarding their degree of enclosure, 
they exhibit certain deficiencies. In particular, 
these sconces are not fully shielded because the 
light-emitting surface is slightly tilted at an angle 
greater than 0° relative to the horizontal. As a con-
sequence, residual emission occurs toward the 
upper hemisphere, which is incompatible with the 
strictest light pollution control criteria required for 
astronomical facilities.

OUTDOOR LIGHTING

Credit: OPCC
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C. Eractical Example: Differences Between 
Step-Light Recessed Fixtures Installed at the 
Giant Magellan Telescope (GMT) and Las 
Campanas Observatory (LCO).

Regarding wall-recessed fixtures for step and 
pedestrian circulation lighting, two different 
configurations currently exist in these types of 
facilities. Regardless of the spectral component of 
the light source used, the fundamental difference 
between a properly shielded fixture and one that 
is not lies in the design of its front enclosure and, 
particularly, in the arrangement of the optical 
control louvers or grilles.

The first configuration incorporates a front accessory 
with angled louvers, designed to limit light emission 
toward the upper hemisphere. Through this geo-
metric arrangement, a direct line-of-sight to the light 
source is restricted from high angles, favoring compli-
ance with strict light pollution control criteria.

The second configuration uses a front grille with par-
allel slats that do not provide effective shielding to-
ward the upper hemisphere. This condition is wors-

ened when the fixture incorporates a diffusing glass 
enclosure (opal or translucent), as the light is distrib-
uted in multiple directions.

In the latter case, the combination of the mounting 
position and the optical configuration of the fixture 
can cause a significant fraction of the emitted lu-
minous flux, estimated to be on the order of 50%, 
to be directed toward the upper hemisphere. The 
grille-type accessory primarily contributes to the 
mechanical protection of the glass enclosure and a 
slight reduction in the emitted flux, but it does not 
serve the function of redirecting light toward the 
lower hemisphere.

Figure 11 illustrates the differences between both 
configurations. From the standpoint of light pollution 
control and the specific requirements of astronom-
ical facilities, fixtures that do not incorporate effec-
tive upper-shielding systems are considered unsuit-
able for these types of proyect.

Fig. 11. Photograph of two types of recessed fixtures for 
step or pathway lighting. The fixture on the left, due to the 
morphology of its front enclosure, is considered fully shielded. 
In contrast, the fixture on the right features a configuration that 
allows luminous flux emission toward the upper hemisphere, 
and therefore cannot be considered fully shielded. 
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Credit: OPCC.
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D. Outdoor Fixtures with Varying Degrees of 
Enclosure

When specifying fixtures, alternatives must be 
considered whose degree of enclosure minimizes the 
probability of a direct line-of-sight to the light sources 
(for example, LED boards), by both instruments 
and individuals. This is achieved through the use 
of opaque optical elements around the perimeter 
of the light source, which also allows the fixtures 
to be installed at higher mounting heights without 
increasing the direct exposure of their light source.

Fig. 12. For each typology (arranged in columns), three fixtures 
intended for different uses are presented (wall sconces in 
two sizes and ceiling fixtures), featuring different degrees of 
enclosure. 
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As an example, the company Access Fixtures (USA) 
offers a product range called “FWC Sea Turtle 
Lighting,” whose optical quality can be described as 
ultra-enclosed.
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From the standpoint of their morphology, none 
of the fixtures in the left column comply with D.S. 
No. 01. The center column shows fixtures that can 
comply with said regulation, while the right column 
presents ultra-enclosed fixtures, which are suitable 
for this type of facilities, if the specification of oth-
er fixture suppliers is required, it may be feasible to 
consider the custom fabrication of accessories to 
maximize the enclosure of traditional-morphology 
fixtures (compliant with D.S. No. 01), such as those 
corresponding to the center column of Fig. 10.

E. Luminous Flux and Illuminance:

Regarding the volume of output luminous flux from 
the fixtures, it is necessary to adopt prudent cri-
teria with the goal of minimizing the total amount 
of installed light. In this regard, a maximum value 
on the order of 1,000 lumens is appropriate for wall 
sconces or ceiling fixtures installed at standard 
heights (2.5–3 m).

For fixtures intended for stairways or installed at 
lower heights, it is recommended to reduce the lu-
minous flux to values on the order of 500 lumens 
maximum, in order to avoid over-illumination and 
limit unnecessary light emission.

From the standpoint of illuminance levels, average 
values on the order of 0.25 to 5 lux are appropri-
ate,with localized maximum values not exceeding 
approximately 15 lux.

3.3 / Beacon Lighting and Pilot Lights

These light sources serve signaling and safety func-
tions. However, the vast majority of alternatives 
available on the market are designed to be visible 
at relatively large distances within illuminated indoor 
or outdoor contexts. Therefore, in an environment 
where a high degree of darkness is required, their 
luminous flux and deficient enclosure turn them into 
potentially polluting and disruptive sources.

For this reason, it is necessary to specify and devel-
op louver-type accessories that limit the emission 
from these sources solely to the directions strictly 
necessary for their visibility.

A louver can be defined as an optical control ele-
ment, generally consisting of opaque fins, slats, or 
cells, whose function is to limit, direct, and block 
light emission in specific directions, thereby reduc-
ing glare and preventing direct emission toward 
undesired angles—particularly toward the upper 
hemisphere or the observer’s field of vision. From a 
structural standpoint, these elements can be man-
ufactured from aluminum, steel, polymers, or other 
opaque materials, and arranged in linear, trans-
verse, or honeycomb configurations, depending on 
the required photometric control.

Fig. 13. Example of a fixture with a louver for shielding toward 
the upper hemisphere.

OUTDOOR LIGHTING
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Since commercial louvers are not available as 
independent accessories for this type of fixture, 
their ad-hoc fabrication is proposed using opaque 
materials, preferably metallic or equivalent, with 
a highreflectance interior finish to harness and 
redirect the blocked luminous flux toward useful 
directions.

Fig. 14. Top: Photograph of a beacon at the current GMT 
facilities. Bottom: Beacons currently installed at the Simons 
Observatory. 
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Credit: OPCC & FCC.
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Fig. 15. Schematic exploded view of the louver-type accessory 
required for a typical luminous beacon. The single beacon 
model NMS-HP LED (Auer Signal) and the multiple beacon 
model SL4-100-L-RYG-24LED (Eaton) are used as references

Regarding panel pilot lights, and considering that 
disabling them is not feasible due to signaling 
requirements, it is recommended to incorporate 
lateral and upper enclosures (mini-visor type) that 
block the direct line-of-sight to these sources 
outside their immediate field of use.

Additionally, the application of dimming filters or 
films that reduce their luminous intensity may be 
evaluated, provided that their operational function 
is not compromised.
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Fig. 16. Top: Panel pilot lights at the Simons Observatory. Bottom: Effects of red pilot lights on a 
panel near an antenna at the future GMT site. Their luminous impact is visible in medium-expo-
sure images. This sector is adjacent to where the OPCC conducts sky quality measurements.
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Lighting design for astronomical observatories, both optical and infrared, 
cannot be approached using the conventional criteria applied to general 
outdoor lighting projects. The extreme sensitivity of scientific instruments 
and the need to preserve night sky quality demand a specific design 
strategy, where minimizing light pollution constitutes a priority objective.

In this context, it is essential to restrict the spectral content in the blue and 
violet bands to the greatest extent technically possible, prioritizing narrow-
spectrum light sources with low atmospheric scattering. Furthermore, all 
outdoor fixtures should feature zero emission toward the upper hemisphere 
and provide shielding levels that exceed those required by regulations and 
recommendations, minimizing the probability of a direct line-of-sight to the 
light sources from any observation point or photosensitive instrument.

Similarly, installed luminous flux and illuminance levels must be kept significantly 
below those typically used in conventional outdoor lighting, illuminating only 
those areas where light is strictly necessary to guarantee the safety and 
operation of the facilities.

Finally, signaling elements such as luminous beacons, pilot lights, status 
indicators, and other similar devices require special consideration. This 
equipment is typically designed to operate in environments with relatively 
high ambient lighting levels and, therefore, exhibits luminous intensities 
incompatible with an environment of extreme darkness. Consequently, it 
is recommended to incorporate specific optical control solutions—such 
as louvers, visors, shielding, or dimming systems—that limit their visibility 
exclusively to the directions required for their operational function, thereby 
reducing their contribution to the site’s light pollution.

0.4/ 
Discussion
and Conclusions

24



	 Criteria for Llighting Design in Observatory Facilities
Javier Sayago, Lighting Specialist - Technical Assistant OPCC

June 2026


