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1. RESUMO EXECUTIVO / EXECUTIVE SUMMARY  
 

O Parque Nacional Marítimo-Terrestre das 
Illas Atlánticas de Galicia (PNMTIAG), coa 
excepción da illa de Cortegada, aínda 
presenta ceos nocturnos de aceptable 
calidade. Porén, as illas do PNMTIAG están 
sometidas a fortes presións luminosas tanto 
externas como internas, que impiden a 
preservación das características básicas da 
noite natural o que require dunha 
intervención inmediata de todas as partes 
interesadas. En concreto: 

- Malia que os datos dos sensores SQM (Sky 
Quality Meter) da Rede Galega de Medida 
do Brillo do Ceo Nocturno existentes nas illas 
suxiren unha tendencia a un escurecemento 
progresivo do ceo no cénit, a percepción 
visual dos observadores parece indicar que o 
número de estrelas visibles tende a decrecer 
cada ano (ver seccións 4.4. e 5.2). 

- A banda xeográfica límite de 21.0 
mag/arcsec2 de escuridade cenital atópase 
criticamente perto da illa de Sálvora, toca no 
seu extremo Norte a illa de Ons, atravesa as 
illas Cíes de Norte a Sur polo seu centro e 
deixa Cortegada dentro da zona de alto brillo 
antropoxénico, fenómeno que pon de 
manifesto a fraxilidade das condicións da 
noite natural nas illas (ver sección 4.2)   

- Un elevado número de concellos 
contribúen en cantidade non desprezable á 
contaminación luminosa nas illas (ver 
sección 6.1). 

- Parte dos sistemas actuais de iluminación 
de alta luminancia existentes na costa e nas 
propias illas, polo seu incorrecto deseño ou 
instalación, contribúen de forma moi 
importante á contaminación luminosa no 
PNMTIAG (ver seccións 6.2 e 6.3) 

   Na sección 8 recollemos un conxunto de 
propostas de actuación para avanzar na 
descontaminación luminosa no ámbito do 
PNMTIAG. 

The Galician Atlantic Islands Maritime-
Terrestrial National Park (PNMTIAG), with 
the exception of the island of Cortegada, still 
has night skies of acceptable quality. 
However, the PNMTIAG islands are under 
strong photic pressures, both internal and 
external, that hinder the preservation of the 
basic features of the natural night, and call 
for an immediate action of all concerned 
stakeholders. 

More specifically: 

- Even though the datasets of the SQM (Sky 
Quality Meter) sensors of the Galician Night 
Sky Brightness Monitoring Network installed 
in the islands suggest a trend of progressive 
darkening of the zenithal sky, the visual 
perception of the observers would seem to 
indicate that the number of visible stars 
tends to decrease every year (see sections 
4.4. and 5.2).  

- The 21.0 mag/arcsec2 threshold geographic 
strip lies critically close to the Sálvora island, 
is tangent to the Northern tip of Ons, crosses 
in North-South direction the Cies islands 
through their very center and leaves 
Cortegada well within the higher 
anthropogenic brightness region, revealing 
the vulnerability of the natural conditions of 
the night at the islands (see section 4.2).   

- A high number of municipalities contribute 
in a non-negligible amount to the light 
pollution levels experienced at the islands 
(see section 6.1).  

- Some of the high-luminance lighting 
systems installed in the continental shore, 
and in the islands themselves, contribute 
decisively to the light pollution at the 
PNMTIAG (see sections 6.2 and 6.3).  

   Several action proposals to move toward 
the effective light decontamination of the 
PNMTIAG are listed in section 8. 
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Salvador Bará Viñas 
Juan Manuel Cano Vila 

Carlos Hervés Carrete 
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Arquipélago de Ons 
Salvador Bará Viñas 

Juan Manuel Cano Vila 
Carlos Hervés Carrete 

Ricardo Lago 
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Minia Manteiga Outeiro 
Sara Pérez Lantes 

Ana Ulla Miguel 
Carlos Villar Vázquez 
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3. OBXECTIVOS / OBJECTIVES 
 

 

Este é un estudo de seguimento da 
contaminación luminosa no Parque Nacional 
Marítimo-Terrestre das Illas Atánticas de 
Galicia (PNMTIAG), realizado en base aos 
datos rexistrados nos anos 2016 e 2017 e 
aos obtidos nas campañas desenvolvidas 
durante o veran de 2018 nas illas do Parque. 
Este traballo ten como obxectivos: 

• Estudar as condicións de calidade do 
ceo nocturno nas illas do PNMTIAG, 
en particular o grao de mantemento 
da súa escuridade natural (ausencia 
de brillo antropoxénico), 
transparencia (ausencia de 
atenuación da luz estelar), e 
turbulencia atmosférica. 

• Determinar a localización das fontes 
de contaminación luminosa (tanto 
nas illas como nas rexións costeiras 
adxacentes) que producen maiores 
efectos negativos sobre a noite 
natual no Parque. 

• Avaliar os cambios producidos desde 
as campañas anteriores (2014-2015). 

• Contribuír - a través da divulgación- a 
crear unha maior conciencia cidadá 
sobre a situación e proporcionar 
indicacións básicas para avanzar na 
descontaminación luminosa das illas 
do Parque. 

Os traballos realizados inclúen: (i) a análise 
dos datos recollidos polos sensores SQM-LR 
instalados de forma permanente nas 
estacións de MeteoGalicia de Cíes, Ons e 
Sálvora; (ii) a análise do brillo do ceo predita 
polos modelos numéricos máis recentes; (iii) 
a determinación cuantitativa da contribución 
relativa ao brillo do ceo nas illas das fontes 
de luz existentes nos concellos da súa 
contorna, e (iv) a análise dos datos de brillo 
do ceo, magnitude estelar límite e 

This is a follow-up study of the light pollution 
at the Galician Atlantic Islands Maritime-
Terrestrial National Park (PNMTIAG). It is 
based on the data acquired during the years 
2016 and 2017, as well as on the results of 
the field campaigns carried out during the 
summer of 2018 in several islands of the 
park. This work has the following goals: 

• Studying the quality of the night 
skies in the PNMTIAG islands, 
focusing on the degree of 
conservation of their natural 
darkness (absence of anthropogenic 
contributions to the sky brightness), 
atmospheric clarity (absence of 
attenuation of starlight) and seeing 
(turbulence). 

• Determining the location of the light 
pollution sources (both within the 
islands and in the nearby coastal 
regions) responsible for the largest 
negative impacts on the natural night 
in the Park. 

• Evaluating the changes experienced 
since the 2014-2015 campaigns. 

• Contributing -through science 
dissemination and outreach- to raise 
citizen awareness on the light 
pollution status of the Park, and 
providing basic guidelines for light 
pollution abatement. 

The works carried out comprise: the analysis 
of the dataset acquired by the SQM-LR 
sensors installed in the MeteoGalicia 
weather stations of Cíes, Ons, and Sávora; (ii) 
the analysis of the sky brigthness predicted 
by the most recent numerical models; (iii) the 
quantitative determination of the relative 
contribution of the light sources in 
neighboring municipalities to the sky 
brightness at the islands, and (iv) the 



6 

 

turbulencia recollidos nas campañas 
realizadas nos meses de agosto e setembro 
de 2018. Nestas campañas, coordinadas por 
Ana Ulla (Univ. de Vigo) e Salvador Bará 
(Univ. de Santiago de Compostela) 
participou activamente persoal docente e 
investigador das Universidades de Santiago 
de Compostela, Vigo e A Coruña, xunto con 
estudantes en prácticas da primeira, 
astrónomos/as da Agrupación Astronómica 
Coruñesa "Ío" e astrónomos/as e 
colaboradores/as pertencentes á Fundación 
Ceo, Ciencia e Cultura (FC3). A relación de 
persoas participantes en cada campaña pode 
verse na sección anterior. 

analysis of the data (sky brightness, naked-
eye limiting magnitude and seeing) acquired 
in the field campaigns carried out in August 
and September 2018. In these campaigns, 
coordinated by Ana Ulla (Univ. of Vigo) and 
Salvador Bará (Univ. of Santiago de 
Compostela) actively participated 
researchers from the Universities of Santiago 
de Compostela, Vigo, and A Coruña, as well 
as undergraduate students of the first one, 
astronomers of the Agrupación Astronómica 
Coruñesa "Ío" and astronomers and 
collaborators belonging to Fundación Ceo, 
Ciencia e Cultura (FC3). The full list of 
participants in each campaign can be found 
in section 2 above. 
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4. BRILLO DO CEO NOCTURNO / NIGHT SKY BRIGHTNESS 
 

 

4.1. Datos SQM das estacións de MeteoGalicia, anos 2016-2017  /  MeteoGalicia SQM 
yearly data records, 2016-2017. 

 

MeteoGalicia, a axencia meteorolóxica 
pública do Goberno Galego (Xunta de 
Galicia, 2018) opera unha rede de sensores 
SQM (Sky Quality Meter) que monitorizan o 
brillo cenital do ceo en 14 estacións 
automáticas distribuídas por toda Galicia, 
entre elas tres situadas no PNMTIAG (Cíes, 
Ons e Sálvora). Os sensores adquiren datos 
cunha frecuencia de un por minuto, 
expresando o brillo do ceo en magnitudes 
SQM. No sitio web de MeteoGalicia 
amósanse en tempo real promedios 
dezminutais destes valores (MeteoGalicia, 
2018); os datos minutais están a disposición 
de persoas investigadoras e do público en 
xeral. As seguintes páxinas conteñen gráficos 
relativos ás medidas acumuladas en cada 
arquipélago durante os anos 2016 e 2017. 
Para unha descripción detallada deste tipo 
de gráficos e das magnitudes fotométricas 
usadas neles pódese consultar Bará (2016), 
Kyba et al. (2015a), Puschnig et al. (2014a, 
2014b), Sánchez de Miguel et al. (2017). Os 
sensores SQM son un instrumento de baixo 
custo amplamente utilizado para este tipo 
de estudos (ver tamén Espey and McCauley, 
2014; Ges et al., 2018; Kyba et al., 2012; Pun 
and So, 2012; Ribas et al., 2015). 

 

Nas páxinas seguintes:  

Datos anuais SQM das illas Cíes, Ons e 
Sálvora. No momento de redactar este 
informe non existe todavía detector SQM 
permanente na illa de Cortegada. De arriba a 
abaixo: Densitograma, histograma, suma 
acumulativa e trazas diarias (SQMgrama). 

MeteoGalicia, the public meteorology agency 
of the Galician Government (Xunta de 
Galicia, 2018) operates a SQM (Sky Quality 
Meter) sensor network monitoring the 
zenithal sky brightness at 14 automated 
weather stations distributed throughout 
Galicia, among them three in the PNMTIAG 
(Cíes, Ons and Sálvora). These sensors take 
one reading per minute of the zenithal 
brightness expressed in SQM magnitudes. 
Ten-minute averages are displayed in real 
time in the MeteoGalicia website 
(MeteoGalicia, 2018); one minute readings 
are freely available for researchers and the 
public at large upon request. The following 
pages display the SQM measurements 
gathered in each archipelago in the years 
2016 and 2017. For a detailed description of 
these plots and the photometric magnitudes 
used therein, cfr. Bará (2016), Kyba et al. 
(2015a), Puschnig et al. (2014a, 2014b), 
Sánchez de Miguel et al. (2017). SQM 
sensors are low-cost devices widely used for 
this kind of studies (see also Espey and 
McCauley, 2014; Ges et al., 2018; Kyba et al., 
2012; Pun and So, 2012; Ribas et al., 2015).  

 
 
 

In the following pages: 

Yearly SQM data from Cíes, Ons and Sálvora 
islands. As of the time of writing this report 
there is still no permantent SQM detector at 
Cortegada island. From top to bottom: 
Density plot, histogram, cumulative sum and 
daily plot (SQMgram). 
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4.1.1. Illas Cíes    Ano 2016 / Year 2016                   Ano 2017 / Year 2017 
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4.1.2. Illa de Ons    Ano 2016 / Year 2016                   Ano 2017 / Year 2017 

 

 

 

 

 



10 

 

4.1.3. Illa de Sálvora    Ano 2016 / Year 2016                   Ano 2017 / Year 2017 
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Os densitogramas, histogramas e curvas de 
frecuencia acumulada amosados nas páxinas 
anteriores foron calculados usando o 
subconxunto de medidas SQM  ≥ 13.5 
magSQM/arcsec2, sen limitar os períodos de 
tempo nos cales foron rexistradas. Xa que 
logo, esas medidas recollen o conxunto total 
de condicións realmente experimentadas 
nas illas nos anos indicados, incluíndo todos 
os graos de cobertura nubosa, episodios de 
brétemas e chuvias, e todas as fases e 
alturas da Lúa sobre o horizonte. As curvas 
de frecuencias acumuladas amosan que un 
14% dos rexistros foron máis escuros que 
21.0 magSQM/arcsec2 para as illas Cíes en 
2016, fronte a un 18% en 2017. A illa de Ons 
tende a ter ceos máis brillantes, con 
soamente un 5-6% das lecturas máis escuras 
que dito limiar. A illa de Sálvora, pola súa 
parte, ten o maior número de rexistros 
escuros, cun 32% (2016) e 44% (2017) de 
medidas máis escuras que 21.0 
magSQM/arcsec2. 

 

The densitograms, histograms and 
cumulative frequency plots displayed in the 
previous pages were calculated for the 
subset of SQM measurements ≥ 13.5 
magSQM/arcsec2, irrespectively of the times 
at which they were recorded. They represent 
then the full range of actual conditions 
experienced at the islands in the respective 
years, including all degrees of cloud cover, 
fog/rain episodes, and all Moon phases and 
altitudes (above/below horizon). The 
cumulative plots show that 14% of the 
records were darker than 21.0 
magSQM/arcsec2 for the islands Cíes in 2016, 
vs 18% in 2017. The Ons island tends to have 
brighter skies, since only about 5-6% of the 
records were darker than this threshold. The 
Sálvora island, in turn, presents the larger 
number of dark records, with a 32% (2016) 
and 44% (2017) readings darker than 21.0 
magSQM/arcsec2. 

 

 

 

Porcentaxe de rexistros inferiores a 21.0 mag/arcsec2, sobre o total de rexistros 
comprendidos entre 13.5 e 24.5 mag/arcsec2 

Records percentage lower than 21.0 mag/arcsec2 in the overall dataset of records 
comprised beween 13.5 and 24.5 mag/arcsec2 

Arquipélago / Ano 2015 2016 2017 
Cíes 93.1    86.0 81.8 
Ons 97.4 95.3 93.9 
Sálvora 74.4 68.4 56.4 
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4.2. Previsións do Novo Atlas Mundial do Brillo Artificial do Ceo, 2016 / New World Atlas of 
Artificial Night Sky Brightness forecasts. 

 

Existen diversos modelos que permiten 
calcular o brillo antropoxénico do ceo 
nocturno a partir da distribución e 
propiedades das fontes de luz artificial e das 
características ópticas da atmosfera que 
condicionan a propagación da luz a traverso 
da mesma. O modelo máis actualizado con 
cobertura mundial é o desenvolvido por 
Falchi et al. (2016) para a obtención do New 
World Atlas of Artificial Night Sky Brightness. 
O citado traballo proporciona a predición do 
brillo cenital artificial do ceo, en píxeis da 
superficie terrestre de 30x30 segundos de 
arco2. As fontes artificiais de luz utilizadas 
nos cálculos son as correspondentes ao valor 
promedio da radiancia rexistrada polo 
radiómetro VIIRS-DNB do satélite Suomi-NPP 
(Baugh et al. 2013; Cao and Bai, 2014; 
Elvidge et al., 2013, 2017; EOG, 2018) nos 
meses de maio, xuño, e setembro a 
decembro de 2014, procesados polo Earth 
Observation Group (EOG, 2018; Falchi et al., 
2016). O brillo do ceo está expresado en 
mcd/m2, a pesar de que os cálculos foron 
efectuados na banda V de Johnson (Bessell, 
1979), que é moi semellante, pero non 
estritamente coincidente, coa V(λ) visual 
humana (Bará, 2017; CIE, 1990; Sánchez de 
Miguel et al., 2017). Usouse unha atmosfera 
estándar US62 con claridade K=1, 
correspondente a unha visibilidade de 26 
km. Nas figuras seguintes amósase o brillo 
cenital total esperado para cada pixel das 
illas do PNMTIAG, expresado en 
mag/arcsec2. Para estimar o brillo total 
cenital do ceo engádese a contribución 
natural estándar Ln= 0.174 mcd/m2, cfr. 
Falchi et al. (2016) e tamén Duriscoe (2013), 
á contribución de orixe artificial (La) 
calculada para cada pixel. A conversión 
aproximada de luminancia [cd/m2] a 
magnitudes V, mV [mag/arcsec2] realízase 
mediante a ecuación (Bará, 2017): 

Several models are available for calculating 
the anthropogenic night sky brightness from 
the distribution and known properties of the 
artificial light sources, and the optical 
characteristics of the atmosphere that 
determine the propagation of light through 
it. The most recent model with worldwide 
coverage is the one developed by Falchi et al. 
(2016) for the calculation of The New World 
Atlas of Artificial Night Sky Brightness. This 
work provides quantitative predictions of the 
artificial zenithal sky brightness in pixels of 
the Earth surface of size 30x30 square arc-
seconds. The artificial light sources used for 
these calculations are those corresponding to 
the average value of the radiance recorded 
by the VIIRS-DNB radiometer onboard the 
Suomi-NPP satellite (Baugh et al. 2013; Cao 
and Bai, 2014; Elvidge et al., 2013, 2017; 
EOG, 2018)  during the months of May, June 
and September to December 2014, processed 
by the Earth Observation Group (EOG, 2018; 
Falchi et al., 2016). The sky brightness is 
given in mcd/m2, even though the 
calculations were carried out in the Johnson 
V band(Bessell, 1979) which is very similar 
to, but not completely identical with, the 
human V(λ) visual band (Bará, 2017; CIE, 
1990; Sánchez de Miguel et al., 2017). A 
standard US62 atmosphere with clarity K=1 
(visibility 26 km) was used in the model. The 
following figures show the expected total 
zenithal night sky brightness for each pixel of 
the PNMTIAG islands, expressed in 
mag/arcsec2. The total zenithal sky 
brightness is estimated by adding the 
contribution of the standard natural sky Ln= 
0.174 mcd/m2, see Falchi et al. (2016) and 
also Duriscoe (2013), to the artificial 
brightness (La) calculated for each pixel. The 
approximate conversion from luminance 
[cd/m2] to V-magnitudes mV [mag/arcsec2] is 
made with (Bará, 2017): 

( ) ( )[ ]4
10 108.10log5.2 ×+−= anV LLm  
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Brillo cenital total do ceo nocturno na Illa de Sálvora, calculado co modelo de Falchi et al. 
(2016) para un brillo natural de 0.174 mcd/m2. Escala de cor en mag/arcsec2.  

Total zenithal sky brightness in Sálvora island, computed using the Falchi et al. (2016) 
model for a natural brightness of 0.174 mcd/m2. Color scale in mag/arcsec2.  

 

 
 

O mapa amosa que o conxunto do territorio 
da illa de Sálvora (non así as pequenas illas 
situadas cara o Norte, como Noro, Vionta, 
etc.) atónpanse dentro da zona con 
escuridade cenital esperada superior ás 21.0 
mag/arcsec2. 

 

The map shows that the whole territory of 
Sálvora island (unlike the smaller ones Noro, 
Vionta, etc, located Northwards) falls within 
the zone with expected zenithal darkness 
above 21.0 mag/arcsec2. 
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Brillo cenital total do ceo nocturno na Illa de Ons, calculado co modelo de Falchi et al. 
(2016) para un brillo natural de 0.174 mcd/m2. Escala de cor en mag/arcsec2.  

Total zenithal sky brightness in Ons island, computed using the Falchi et al. (2016) model 
for a natural brightness of 0.174 mcd/m2. Color scale in mag/arcsec2.  

 

 
 

A escuridade cenital en Ons aumenta 
progresicamente ao desprazármonos en 
direccións Sur e Oeste. Excepto na costa 
Norte (Punta do Centolo, importante lugar 
de cría de aves) a escuridade cenital 
esperada é, como no caso de Sálvora, 
superior ás 21.0 mag/arcsec2. 

 

The expected total zenithal darkness in Ons 
incresases monotonically towards the South 
and the West. With the relevant exception of 
the Northern edge of the island (Punta do 
Centolo, an importante area of seabird 
breeding), the expected sky darkness is, as in 
Salvora, larger than 21.0 mag/arcsec2.  
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Brillo cenital total do ceo nocturno nas Illas Cíes, calculado co modelo de Falchi et al. 
(2016) para un brillo natural de 0.174 mcd/m2. Escala de cor en mag/arcsec2.  

Total zenithal sky brightness in Cíes islands, computed using the Falchi et al. (2016) model 
for a natural brightness of 0.174 mcd/m2. Color scale in mag/arcsec2.  

 

 
 

A liña de escuridade cenital de 21.0  
mag/arcsec2 percorre as illas de Norte a Sur, 
dividíndoas polo seu eixe nunha zona máis 
brillante (cara ao continente) e unha máis 
escura (cara o océano). Os lugares con 
escuridade superior a 21.0  mag/arcsec2 
representan unha moi pequena extensión do 
territorio, poñendo de manifesto a 
fraxilidade da noite natural nas illas.  

The 21.0 mag/arcsec2 zenithal darkness line 
goes in North-South direction through the 
central axis of the islands, dividing them into 
a brightner zone (facing the continent) and a 
darker one (facing the ocean). The places 
with darkness larger than21.0 mag/arcsec2 
represent a small fraction of the territory, 
revealing the vulnerability of the natural 
night in the islands. 
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Brillo cenital total do ceo nocturno na Illa de Cortegada, calculado co modelo de Falchi et 
al. (2016) para un brillo natural de 0.174 mcd/m2. Escala de cor en mag/arcsec2.  

Total zenithal sky brightness in Cortegada island, computed using the Falchi et al. (2016) 
model for a natural brightness of 0.174 mcd/m2. Color scale in mag/arcsec2.  

 

 
 

A illa de Cortegada atópase a moi pouca 
distancia dos núcleos densamente poboados 
(e iluminados) de Carril e Vilagarcía, estando 
afectada tamén polas intensas fontes LED 
utilizadas para a iluminación dos parques de 
cultivos de moluscos. En consecuencia, a 
escuridade cenital predita polos modelos 
non supera no territorio da illa as 19.85 
mag/arcsec2. 

Cortegada island is located at a very short 
distance from the densely populated (and 
illuminated) nuclei of Carril and Vilagarcía, 
being also strongly affected by the intense 
LED luminaires used in the mollusk 
cultivation parks. In consequence, the 
predicted zenithal darkness in the territory of 
the island does not surpass the 19.85 
mag/arcsec2 limit. 
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4.3. Resultados das campañas 2018 / Results of the 2018 campaigns. 
 
 
Durante o verán de 2018 desenvolvéronse 
tres campañas de observación nas illas do 
PNMTIAG. Esolléronse noites sen Lúa e 
despexadas nos meses de agosto e 
setembro. As persoas participantes en cada 
campaña están indicadas na sección 2. 

   A primeira das campañas, nos días 9 e 10 
de agosto, desenvolveuse nas illas Cíes. 
Estaba inicialmente prevista para a Lúa nova 
de xullo, pero as malas condicións 
meteorolóxicas obrigaron ao seu adiamento. 
Nesta campaña adquiríronse datos do brillo 
cenital do ceo con SQM-L, estimacións da 
magnitude visual límite e imaxes DSLR RGB 
das fontes de luz das illas e da costa. 

   A segunda campaña tivo lugar na illa de 
Sálvora, os días 13 a 15 de agosto. Nela 
obtivéronse datos de brillo do ceo con 
sensores SQM-L e rexistros continuos con 
SQM-LU-DL, estimacións da magnitude 
visual límite, imaxes DSLR all-sky, imaxes das 
fontes de luz da costa e datos crus de 
turbulencia atmosférica cun monitor de 
movemento diferencial de imaxe modificado 
(DIMM, das súas siglas en inglés) 
implementado nos nosos laboratorios. 

   A terceira das campañas desenvolveuse na 
illa de Ons os días 7 a 9 de setembro. Nela, 
ao igual que en Sálvora, obtivéronse datos 
de brillo do ceo con sensores SQM-L, 
estimacións da magnitude visual límite, 
imaxes all-sky, imaxes DSLR RGB das fontes 
de luz das illas e da costa e datos de 
turbulencia atmosférica, incluíndo imaxes 
telescópicas de estrelas dobres con 
separacións menores de tres segundos de 
arco. Procedeuse asimesmo á medida do 
brillo cenital do ceo mediante SQM-LU-DL 
con GPS instalado en vehículo, medindo o 
brillo ao longo dunha ruta que abrangue as 
zonas central e sur da illa cunha tasa de 
mostraxe superior á requirida para a 
reconstrución continua do mesmo (Bará, 
2018). 

Three field campaigns were carried out in the 
PNMTIAG islands during the summer of 
2018. Several clear and moonless nights of 
the months of August and September were 
chosen. The full list of participants in each 
campaign is available in section 2 above.  

   The first campaign was held in Cïes Islands 
in August 9-10. This campaign was initially 
programmed for the new Moon of July, but 
the inadequate meteorological conditions 
forced to postpone it. In this campaign we 
acquired night sky brigthness data with 
SQM-L sensors, estimates of the naked-eye 
limiting magnitude and RGB DSLR images of 
the light sources at the island and the coast. 

   The second campaign took place in the 
Sálvora island in August 13-15. The data 
gathered included SQM-L as well as 
continuous SQM-LU-Dl recordings, naked-eye 
limiting magnitude estimates, DSLR all-sky 
images, images of the light sources of the 
continental shoreline, and atmospheric 
turbulence raw data recorded with a 
modified differencial image movement 
monitor (DIMM) developed in our labs. 

   The third campaign was conducted in Ons 
island in September 7-9. Much like in 
Sálvora, we got SQM-L as well as continuous 
SQM-LU-Dl recordings, naked-eye limiting 
magnitude estimates, DSLR all-sky images, 
images of the light sources at the island and 
the continental shoreline, and atmospheric 
turbulence raw data with the same device, 
including additional telescopic images of 
double stars separated less than three 
arcseconds. We also carried out continuous 
recordings of the zenithal sky brightness 
using a car-mounted SQM-LU-DL with GPS, 
measuring the brightness along a route 
across the central and southern regions of 
the island, at a spatial rate gigher than the 
minimum required for successful continuous 
reconstruction (Bará, 2018).   
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4.3.1. Datos SQM / SQM readings 
 
 
 
Illas Cíes, 9 e 10 de agosto de 2018 
 
Na noite do 9 ao 10 de agosto tres equipos 
de observadores, cada un cun SQM-L, 
percorreron a illa tomando medidas do brillo 
cenital do ceo en localizacións prefixadas 
coincidentes coas estudadas en anos 
anteriores (ver táboa e mapa a 
continuación). 

O detector SQM-LR da estación de 
MeteoGalicia en Cíes adquiriu datos 
minutais cuxos promedios dezminutais están 
dispoñibles na súa web (MeteoGalicia, 
2018). A gráfica da páxina seguinte recolle os 
valores rexistrados nesta noite, así como nas 
noites anterior e posterior. 

Á hora de valorar os datos cómpre ter en 
conta que arredor das 00h UTC tiña lugar o 
paso cenital da Vía Láctea na rexión de Cyg e 
Lyr. 

Cíes islands, August 9-10, 2018 
 
In the night of Aug. 9 to 10 three teams of 
observers, each with one SQM-L sensor, 
recorded zenithal sky brightness values in 
several locations of the islands, coincident 
with the ones studied in the campaigns of 
previous years (see table and map below). 

The SQM-LR detector of the MeteoGalicia 
weather station at Cies also acquired sky 
brightess data whose ten-minutal averages 
are available on their website (MeteoGalicia, 
2018). The plot in the next page displays the 
values recorded in the observation night as 
well as the previous and following ones. 

When assessing these results it shall be 
borne in mind that about 00h UTC the Cyg 
and Lyr regions of the Milky Way passed 
directly overhead. 

 
Medidas con SQM-L en Cíes / SQM-L measurements at Cíes 

Lugar Lat (°) Lon (°) 
Obs 

1 
Obs 

2 
Obs 

3 
Obs 

4 
Obs 

5 
Obs 

6 
Obs 

7 
SQM 
prom 

SQM 
std 

Hora 
(CEST) 

Casa Vieira 42.216607 -8.901167 20.74 20.50 20.62 20.72 20.71 20.94 20.76 20.71 0.13 23:30 
Estación de 
MeteoGalicia 42.213950 -8.906906 --- --- --- --- --- 20.77 20.69 20.73 0.06 00:40 

Pedra da 
Campá 42.217726 -8.906961 --- --- 21.00 20.88 21.02 --- --- 20.97 0.08 00:47 

Dique de 
Rodas 42.224996 -8.905070 20.80 20.81 --- --- --- --- --- 20.81 0.01 01:15 

Faro da 
Porta 42.212272 -8.912530 --- --- --- --- --- 20.85 20.74 20.80 0.08 01:20 

Queimadeiro 42.236873 -8.905096 20.85 20.83 --- --- --- --- --- 20.84 0.01 02:15 

Faro de Cíes 42.214157 -8.914399 --- --- 20.14 20.84 20.61 --- --- 20.53 0.36 02:17 

Lat: Latitude; Lon: Lonxitude; Obs 1 a 7: lecturas dos SQM-L (mag/arcsec2) efectuadas por cada 
observador; SQM prom: promedio dos valores anteriores; SQM std: desviación típica das medidas. 
Lugar: place; Lat: Latitude; Lon: Longitude; Obs 1 to 7: SQM-L readings (mag/arcsec2) recorded by 
each observer; SQM prom: average of the SQM-L values; SQM std: standard deviation of the SQM 

measurements. 
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Medidas con SQM-L manual en Cíes. Mapa de fondo © dos contribuíntes do OpenStreetMap.  

Hand-held SQM measurements in Cíes. Background map © OpenStreetMap contributors.  
 
 
 
 

 
Promedios dezminutais do brillo cenital do ceo rexistrado na estación de MeteoGalicia das Illas Cíes 

na noite do 9 ao 10 de agosto de 2018. 
Ten-minut averages of the zenithal sky brightness recorded at the Cíes islands MeteoGalicia weather 

station in the night of August 9 to 10, 2018. 
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Illa de Sálvora, 13 e 14 de agosto de 2018 
 
Na campaña de agosto de 2018 colocáronse 
dous detectores adicionais SQM-LU-DL na 
illa, un nas inmediacións do Faro (SN 2762) e 
outro na antiga aldea, agora deshabitada (SN 
2766).  

   SN 2762 

Estes detectores tomaron datos minutais na 
noite do 13 ao 14 de agosto. Os resultados 
das medidas, xa corrixidos da transmitancia 
do vidro das carcasas (−0.1 magSQM/arcsec2) 
amósanse na seguinte figura. O aumento de 
brillo do ceo arredor das 00h UTC 
corresponde co paso cenital da Vía Láctea na 
rexión de Cyg e Lyr. 

Sálvora island, August 13-14, 2018 
 
 In the August 2018 campaign two additional 
SQM-LU-DL detectors were installed at the 
island, one close to the lighthouse (SN 2762) 
and the other one in the uninhabited ancient 
village (SN 2766). 

 
SN 2766 

The detectors acquired data at a rate of one 
reading per minute during the night of 
August 13 to 14. The results, corrected for 
the transmittance of the glass window (−0.1 
magSQM/arcsec2), are displayed in the figure 
below. The brightness increase around 00h 
UTC corresponds to the zenithal transit of the 
Milky Way (Cyg and Lyr regions). 

 

 
Medidas dos detectores SQM-LU-DL no Faro e na aldea  
Lighthouse and village SQM-LU-DL  detector readings 
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O brillo do ceo nocturno na aldea (zona 
Norte da Illa) é sistemáticamente superior ao 
rexistrado na zona do Faro (Sur da illa). 
Durante a mesma noite, un equipo de tres 
observadoras fixo un percorrido pola illa, 
desde o Faro (23:14h CEST) até a aldea 
(00:48h CEST), avaliando a magnitude visual 
límite e tomando medidas simultáneas do 
brillo cenital con dous detectores manuais 
SQM-L (ver sección 5.1). O mapa seguinte 
amosa en cada punto o valor medio das 
lecturas de ambos detectores (sendo as 
diferenzas entre un e outro inferiores a 0.1 
magSQM/arcsec2). 

The night sky brightness at the village 
(Northern area of the island) is 
systematically higher than in the Lighthouse 
(South). During this very same night, a team 
of three observers walked from the 
Lighthouse (23:14h CEST) to the village 
(00:48h CEST), avaliating the naked-eye 
limiting magnitude and simultaneoulsy 
measuring the zenithal night sky brightness 
using two hand-held SQM-L detectors (see 
section 5.1). The map below shows for each 
measurement location the average value of 
the detector readings (being the inter-device 
differences smaller than 0.1 magSQM/arcsec2. 

 

 
Medidas con SQM-L manual en Sálvora. Mapa de fondo © dos contribuíntes do OpenStreetMap.  

Hand-held SQM measurements in Sálvora. Background map © OpenStreetMap contributors 
 

As lecturas na zona central da illa son 
lixeiramente máis brillantes que as da zona 
Sur. Porén, tendo en conta as horas ás que 
se realizaron, as diferenzas observadas non 
se deben soamente ao diferente brillo 
antropoxénico esperable en cada zona, 
senón á distinta distancia cenital da Vía 
Láctea durante o tempo que levou efectuar 
ese percorrido efectuado. 

The readings in the central area of the island 
are slighlty brighter than the ones in the 
South part. However, taking into account the 
times at which these measurements were 
made, the observed differences cannot be 
traced back only to actual differences in the 
anthropogenic sky brightness, since they are 
also dependent on the different zenithal 
distance of the Milky Way along the period 
of time invested in this route. 
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Promedios dezminutais do brillo cenital do ceo rexistrado na estación de MeteoGalicia da Illa de 

Sávora na noite do 13 ao 14 de agosto de 2018. 
Ten-minut averages of the zenithal sky brightness recorded at the Sálvora island MeteoGalicia 

weather station in the night of August 13 to 14, 2018. 
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Illa de Ons, 7 a 9 de setembro de 2018 
 
Na primeira noite desta campaña (7 ao 8 de 
setembro) dous equipos de observadores, 
cada un deles con dous SQM-L, percorreron 
as zonas sur e central da illa tomando 
medidas do brillo cenital do ceo en diversas 
localizacións (ver táboas e mapas nas páxs 
seguintes, e datos adicionais na sección 
5.1.c). Na segunda noite (8 ao 9 de 
setembro), un equipo de observadores, cun 
sistema redundante de dous SQM-LU-DL e 
GPS fixeron un percorrido en vehículo pola 
illa rexistrando de forma continua o brillo do 
ceo, cos resultados que se indican neste 
mapa: 

Ons island, September 7-9, 2018 
 
In the first night of this campaign 
(September 7 to 8) two observer teams, 
equipped with two SQM-L each, recorded 
zenithal night sky brightness data in several 
places of the Southern and Central regions of 
the island (see tables and maps in next 
pages, and additional data in section 5.1.c). 
During the second night (September 8 to 9), 
a team of observers, using a redundant 
system of two SQM-LU-DL plus GPS devices 
installed on a vehicle, ran through several 
practicable paths of the island recording in a 
continuous way the zenithal brightness, as 
shown in the map below:  

 
Brillo cenital antes do apagado, noite do 8 ao 9 de setembro, 2018 

Zenithal sky brightness before switch-off, Sept 8 to 9, 2018 

 
Medidas con SQM-LU-DL plus GPS (GlobalSat BU-353-S4) realizadas na noite do 7 ao 8 de setembro, 

antes do apagado de luces da illa. Traxecto con inicio no Chan da Pólvora, percorrido en sentido 
antihorario entre as 23:50 e as 00:37 (CEST) 

SQM-LU-DL plus GPS (GlobalSat BU-353-S4) measurements in the night of September 7 to 8, before 
switch-off.  Counterclockwise from Chan da Pólvora, starting at 23:50 CEST and finishing at 00:37 

CEST
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Medidas de brillo cenital con SQM-L, noite do 7 ao 8 de setembro. Antes do apagado 
SQM-L zenithal readings, night of September 7 to 8. Before switch-off 

Lat Lon Hora 
(CEST) SQM1 SQM2 SQM 

prom 
42.360484 -8.943894 22:59 20.71 20.79 20.75 
42.376970 -8.931771 23:05 19.74 20.10 19.92 
42.361241 -8.944330 23:06 20.79 20.81 20.80 
42.362953 -8.943668 23:10 20.83 20.82 20.83 
42.364799 -8.944810 23:21 20.81 20.78 20.80 
42.366878 -8.943258 23:29 20.75 20.82 20.79 
42.365864 -8.940837 23:36 20.77 20.83 20.80 
42.366005 -8.938667 23:42 20.80 20.83 20.82 
42.368791 -8.937976 23:49 20.74 20.75 20.75 
42.377147 -8.930600 23:50 20.49 20.66 20.58 
42.371023 -8.937575 00:03 20.79 20.79 20.79 
42.371029 -8.937584 00:08 20.76 20.76 20.76 
42.377176 -8.931466 00:10 20.53 20.63 20.58 
42.373172 -8.935430 00:17 20.90 20.81 20.86 
42.379036 -8.930502 00:45 20.51 20.72 20.62 

 

 

 

Medidas de brillo cenital con SQM-L, noite do 7 ao 8 de setembro. Despois do apagado 
SQM-L zenithal readings, night of September 7 to 8. After switch-off 

Lat Lon Hora 
(CEST) SQM1 SQM2 SQM 

prom 
42.376970 -8.931771 02:10 20.65 20.82 20.74 
42.377147 -8.930600 02:20 20.79 20.81 20.80 
42.358279 -8.938868 02:40 21.02 20.98 21.00 
42.377176 -8.931466 02:40 20.82 20.75 20.79 
42.361516 -8.939273 02:46 21.06 21.01 21.04 
42.363491 -8.940552 02:52 21.08 21.01 21.05 
42.364271 -8.937116 02:57 21.04 20.96 21.00 
42.368068 -8.934798 03:04 21.05 20.99 21.02 
42.370277 -8.933968 03:07 21.03 20.96 21.00 
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Medidas con SQM-L manual en Ons antes do apagado, noite do 7 ao 8 de setembro. Mapa de fondo 

© dos contribuíntes do OpenStreetMap.  
Hand-held SQM measurements in Ons before switch-off, night Sept. 8 to 9. Background map © 

OpenStreetMap contributors 

 

 
Medidas con SQM-L manual en Ons despois do apagado, noite do 7 ao 8 de setembro. Mapa de 

fondo © dos contribuíntes do OpenStreetMap.  
Hand-held SQM measurements in Ons after switch-off, night Sept. 8 to 9. Background map © 

OpenStreetMap contributors 
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Promedios dezminutais do brillo cenital do ceo rexistrado na estación de MeteoGalicia da Illa de Ons 
na noite do 7 ao 9 de setembro de 2018. 

Ten-minut averages of the zenithal sky brightness recorded at the Ons island MeteoGalicia weather 
station in the night of September 7  to 9, 2018. 
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4.3.2. Imaxes all-sky / All-sky imaging 

 

As imaxes hemisféricas (all-sky) obtidas con 
dispositivos baseados en chips CCD o CMOS, 
incluíndo cámaras comerciais RGB DSLR 
proporcionan datos con boa resolución 
angular da bóveda celeste (Aceituno et al., 
2011; Duriscoe et al., 2007;  Falchi, 2011; 
Jechow et al., 2017, 2017b, 2018; Kolláth, 
2010; Rabaza et al., 2010). A análise 
estatística de longas series temporais de 
imaxes all-sky mediante métodos modais 
permite obter importante información sobre 
a calidade do ceo (Bará et al., 2014, 2015). 

   Das Illas Atlánticas existen soamente series 
de imaxes all-sky correspondentes a días 
concretos nos que se realizaron campañas 
de investigación. Esas imaxes proporcionan 
indicacións fiables do estado do ceo no 
momento de obtelas (ver imaxes nesta 
páxina), pero non permiten estimar 
parámetros estatísticos para periodos 
anuais. Semella necesario considerar a 
posibilidade de instalación nas illas de 
cámaras all-sky que operen de modo 
continuado ao longo do ano. 

 
15-xul-2015, 01:02(CEST), Auto WB. 

Hemispheric (all-sky) images obtained with 
CCD or CMOs-based devices, including off-
the-shelf RGB DSLR cameras, provide 
celestial vault data with good angular 
resolution (Aceituno et al., 2011; Duriscoe et 
al., 2007;  Falchi, 2011; Jechow et al., 2017, 
2017b, 2018; Kolláth, 2010; Rabaza et al., 
2010) . The statistical analysis of long time 
series of all-sky images using modal 
approaches provides relevant information on 
the quality of the sky (Bará et al., 2014, 
2015).  

   There are only several all-sky image series 
of the Atlantic Islands, corresponding to the 
particular days in which field campaigns 
were carried out. These images offer reliable 
information about the sky quality at the time 
of recording them (see images below), but do 
not allow for estimating statistical 
parameters on a yearly basis. Its seems 
worth considering the need of setting up in 
the islands all-sky cameras that operate in a 
continuous mode throughout the year.  
 

 
15-ago-2018, 00:01(CEST), Manual WB. 

Sálvora. Canon EOS1200D, f/3.5, 30s, ISO-3200, f=5mm, unprocessed. 
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4.4. Tendencias de cambio 2015-2018 / 2015-2018 evolution trends.  

 

A análise da evolución do brillo artificial do 
ceo nocturno ao longo do tempo é un 
problema de especial complexidade, debido 
a que as medidas experimentais directas 
rexistran a suma do brillo artificial e do 
natural, e este último presenta unha altísima 
variabilidade debida aos cambios de posición 
e brillo dos corpos celestes  (nomeadamente 
a Lúa) e as cambiantes condicións 
atmosféricas. Iso fai que as tendencias de 
cambio soamente poidan aprezarse 
procesando longas series temporais de datos 
observacionais. Por outra banda, eses 
conxuntos de datos, usualmente de grande 
tamaño, deben ser reducidos a indicadores 
que permitan aprezar con facilidade os 
posibles cambios producidos. Un dos 
indicadores actualmente utlizados é a 
magnitude significativa mα (Bará, 2016), que 
é o valor promedio do conxunto de 
magnitudes rexistradas, ao longo dun 
período temporal dado, cuxo valor é 
superior ao cuantil 1-α. Neste traballo 
estudamos a evolución temporal da m1/3, é 
dicir, o valor medio do terzo superior de 
magnitudes (ceos máis escuros) rexistradas 
nos períodos de noite astronómica (Sol por 
debaixo de −18° respecto do horizonte) e 
sen Lúa (Lúa por debaixo de −5°), aprox. 
80000 datos minutais por ano. Os valores 
anuais da m1/3 en cada arquipelago con 
estación de medida nos anos 2015 a 2017 
están indicados na seguinte táboa:  

The analysis of the time evolution of the 
artificial brightness of the night sky is a 
particularly complex problem. The direct 
measurements made by the sensors record 
the sum of the artificial and the natural 
brightnesses, and the latter has a large 
variability due to the changes in the position 
and brightness of the celestial bodies (e.g. 
the Moon), and to the changing atmospheric 
conditions. Hence, the variational trends can 
only be assessed by processing long time 
series of observational data. On the other 
hand, these datasets, usually of very large 
size, have to be reduced to practical 
indicators in order to detect the possible 
changes experienced. One of these indicators 
is the significant magnitude mα (Bará, 2016), 
that is, the average value of the magnitudes, 
recorded along a given time period, whose 
value is higher than the quantile 1-α. In this 
work we have studied the evolution of the 
m1/3 , i.e., the average value of the upper 
third of magnitudes (darker skies) recorded 
in periods of astronomical night (Sun altitude 
below −18°) and without Moon (Moon 
altitude below −5°), about 80,000 readings 
per year, at a rate of one per minute. The 
annual values of the m1/3 for each 
archipelago where the MeteoGalicia 
wheather station has a SQM-LR detector, 
and for the years 2015 to 2017 are given in 
the Table below: 

 

Evolución da m1/3 anual (SQM-LR) nas illas do Parque 
Yearly evolution of the SQM-LR m1/3 in the islands of the Park 

Arquipélago / Ano 2015 2016 2017 
Sálvora 21.48  (0.33) 21.68  (0.32) 22.09 (0.40) 
Ons 20.96  (0.16) 21.02  (0.11) 21.08 (0.16) 
Cíes 21.17  (0.36) 21.27  (0.36) 21.43  (0.40) 

Valor medio anual (desviación típica da mostra) Unidades: mag/arcsec2  
Yearly average value (standard deviation of the sample) Units: mag/arcsec2  
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Diagrama polar da evolución temporal da m1/3 mensual en Sálvora (mag/arcsec2). O mes de Xaneiro 

de cada ano corresponde ao ángulo 0° no sistema convencional XY, e os meses sucesivos están 
situados en sentido antihorario. 

Polar diagram of the time evolution of the monthly m1/3 values in Sálvora (mag/arcsec2). January is 
located at 0° in the usual XY reference frame, and succesive months are ploted counterclockwise.  

 

 
Valores da m1/3 mensual en Sálvora (mag/arcsec2). En 2015 o detector de Sálvora estivo activo a 

partir do mes de setembro, nos meses anteriores asígnaselle un valor cero. 
Monthly  m1/3 values in Sálvora (mag/arcsec2). The Sálvora detector was fully operational since 

September 2015, previous values are set to 0. 
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Diagrama polar da evolución temporal da m1/3 mensual en Ons (mag/arcsec2). O mes de Xaneiro de 

cada ano corresponde ao ángulo 0° no sistema convencional XY, e os meses sucesivos están situados 
en sentido antihorario. 

Polar diagram of the time evolution of the monthly m1/3 values in Ons (mag/arcsec2). January is 
located at 0° in the usual XY reference frame, and succesive months are ploted counterclockwise.  

 

 
Valores da m1/3 mensual en Ons (mag/arcsec2).  

Monthly  m1/3 values in Ons (mag/arcsec2).  
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Diagrama polar da evolución temporal da m1/3 mensual en Cíes (mag/arcsec2). O mes de Xaneiro de 

cada ano corresponde ao ángulo 0° no sistema convencional XY, e os meses sucesivos están situados 
en sentido antihorario. 

Polar diagram of the time evolution of the monthly m1/3 values in Cíes (mag/arcsec2). January is 
located at 0° in the usual XY reference frame, and succesive months are ploted counterclockwise.  

 

 
Valores da m1/3 mensual en Cíes (mag/arcsec2).  

Monthly  m1/3 values in Cíes (mag/arcsec2).  
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A análise dos datos da m1/3 anual (ver Táboa 
anterior) suxire unha tendencia ao 
escurecemento do ceo das illas, a un ritmo 
cercano a 0.2 mag/arcsec2 por ano en 
Sálvora, 0.06 mag/arcsec2 en Ons e 0.1-0.15 
mag/arcsec2 en Cíes. Esa tendencia pode 
apreciarse tamén nos valores da m1/3 
mensual (gráficas de páxinas anteriores), 
que en termos xerais tenden a aumentar 
cada ano. A desviación típica das mostras é 
relativamente alta, aínda que estas mostras 
están compostas dun número elevado de 
medidas (~80000) polo que a desviación 
típica das medias é unhas 280 veces menor. 

   Este comportamento da m1/3 é consistente 
coa evolución interanual do número global 
de rexistros con mag/arcsec2 superiores a 
21.0 (ver táboa en sección 4.1). 

   Porén, unha análise máis detallada dos 
datos obriga a termos certas cautelas. A m1/3 
é un indicador moi útil da evolución da 
calidade do ceo en entornos urbanos, pero 
presenta algunhas limitacións para o estudo 
do que sucede en lugares escuros ou lugares 
nos que se produzan con certa frecuencia 
condicións meteorolóxicas adversas que 
afecten ás lecturas dos sensores, por 
exemplo, acumulacións de neve sobre o 
sensor en zonas de montaña, ou mestas 
brétemas nas illas. O terzo de medidas máis 
escuras (co que se calcula a m1/3) en 
entornos urbanos corresponde a noites sen 
nubes e con baixa concentración de 
aerosois, dado que en noites anubradas o 
reflexo da luz artificial na base das nubes dá 
lugar a medidas notablemente máis 
brillantes que as rexistradas en noites 
despexadas (Kyba et al., 2012; Bará, 2016; 
Ribas et al., 2016). Pola contra, nos lugares 
escuros ou con frecuentes episodios de 
brétemas mestas ou acumulacións de neve, 
o terzo de medidas máis escuras contén 
lecturas efectuadas cando o sensor non ten 
ceos despexados no seu campo de visión, 
rexistrando valores anomalamente escuros 

The analysis of the m1/3 annual data (see 
Table above) suggests a trend towards 
darkening of the sky in the islands, at a rate 
close to 0.2 mag/arcsec2 per year in Sálvora, 
0.06 mag/arcsec2 per year in Ons e 0.1-0.15 
mag/arcsec2 in Cíes. This trend can also be 
observed in the monthly m1/3 values (see 
figures in the pages above), that tend to 
increase every year. The standard deviation 
of the samples is relatively high, although 
these samples are composed of a high 
number of records (~80,000) so that the 
expected standard deviation of the mean is 
about 280 times smaller. 

   The behavior of the m1/3 is consistent with 
the yearly evolution of the overall number of 
records with mag/arcsec2 higher than the 
21.0 threshold (see table in section 4.1). 

   However, a detailed analysis of the data 
suggests that some caution must be 
exercised. The m1/3 is a very useful indicator 
of the sky quality evolution in urban settings, 
but has some limitations for the study of 
dark places or sites where adverse 
meterorological conditions that may affect 
the sensor readings be experienced with 
some frequency (e.g. snow over the sensor in 
mountain areas, dense oceanic fog in the 
islands). The upper third of darkest readings 
used to compute the m1/3 corresponds in 
urban settings to clouldless nights with low 
aeroson concentration, since in overcast 
nights the reflection of artificial lights in the 
clouds base gives rise to measurements 
noticeably brighter than the ones in clear 
nights (Kyba et al., 2012; Bará, 2016; Ribas 
et al., 2016). On the contrary, in dark places, 
or sites with frequent episodes of thick fog or 
snow, the upper third of darkest 
measurements contains readings made with 
the field of view of the sensor lacking clear 
skies, recoding then abnormally dark values 
(in the sense of being much darker than the 
expected natural sky). The presence of these 
adverse episodes can be deduced from the 
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(no senso de seren superiores á escuridade 
estándar do ceo natural). A presenza deses 
fenómenos adversos pode deducirse dos 
histogramas de medidas de Sálvora e Cíes 
(ver sección 4.1.), onde se apreza un certo 
número de lecturas superiores a 22.0 
mag/arcsec2. Efectos semellantes son 
esperables en zonas escuras en presenza de 
nubes, dado que a cobertura nubosa 
diminúe neses casos a cantidade de luz 
detectable das estrelas e a falla de fontes 
artificiais cercanas fai que non se reflicta luz 
na base das nubes. 

   Debido a isto, unha medida máis acaída da 
evolución da calidade dos ceos nas illas do 
Parque é a magnitude significativa calculada 
sobre o segundo terzo de magnitudes 
rexistradas nas mesmas condicións de noite 
astronómica e sen Lúa utilizadas para definir 
a m1/3. Con carácter xeral, podemos xeralizar 
a definición da magnitude significativa mα,β 
como o valor promedio do conxunto de 
magnitudes rexistradas, ao longo dun 
período temporal dado, cuxo valor é 
superior ao cuantil 1-α e inferior ao cuantil 
1-β. A magnitude significativa calculada 
sobre o segundo terzo de medidas de brillo 
do ceo será pois denotada como m2/3,1/3. Os 
seus valores para as illas de Sálvora, Ons e 
Cíes nos anos 2015 a 2017 poden verse na 
táboa e figuras a continuación:  

histograms of measurements in Sálvora and 
Cíes (see sec. 4.1.) where a certain number of 
readings higher than 22.0 mag/arcsec2 is 
apparent. Similar effects are to be expected 
in dark regions under cloudy skies, since the 
cloud cover will in that cases reduce the 
amount of starlight reaching the sensor, 
whilst the absence of artificial lights will 
avoid the presence of reflections at the base 
of the clouds. 
 
 
 

   Taking into account these factors, a more 
appropriate indicator of the time evolution of 
the sky quality at the islands of the Park is 
the significant magnitude computed over the 
middle third of magnitudes recorded under 
the same conditions of astronomical night 
and absence of Moon used for the 
calculation of the m1/3. We can generalize 
the definition of the significant magnitude, 
mα,β, as the average value of the 
magnitudes, recorded during a given time 
period, whose value is compised between the 
quantiles 1-α and 1-β.The significant 
magnitude evaluated using the middle third 
of recordings will then be denoted by m2/3,1/3. 
Its values for the islands of Sálvora, Ons and 
Cíes in the years 2015 to 2017 are shown in 
the table and figures below: 

 

 
 

Evolución da m2/3,1/3 anual (SQM-LR) nas illas do Parque 
Yearly evolution of the SQM-LR m2/3,1/3 in the islands of the Park 

Arquipélago / Ano 2015 2016 2017 
Sálvora 21.08  (0.07) 21.26  (0.10) 21.52 (0.07) 
Ons 20.69  (0.07) 20.78  (0.07) 20.80 (0.06) 
Cíes 20.79  (0.07) 20.90  (0.08) 20.98  (0.07) 

Valor medio anual (desviación típica da mostra) Unidades: mag/arcsec2  
Yearly average value (standard deviation of the sample) Units: mag/arcsec2  
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Valores da m2/3,1/3 mensual en Sálvora (mag/arcsec2).  

Monthly  m2/3,1/3 values in Sálvora (mag/arcsec2). 

 

 

 
Valores da m2/3,1/3 mensual en Ons (mag/arcsec2).  

Monthly  m2/3,1/3 values in Ons (mag/arcsec2). 
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Valores da m2/3,1/3 mensual en Cíes (mag/arcsec2).  

Monthly  m2/3,1/3 values in Cíes (mag/arcsec2). 

 

 

   En ausencia de información adicional é 
difícil valorar se estas tendencias 
corresponden a un cambio real nos valores 
de brillo do ceo cenital en banda SQM, e, de 
ser así, que consecuencias efectivas ten para 
a observación visual humana en banda V(λ). 
Existen varias causas polas cales a m1/3 
rexistrada pode aumentar sen que diminúa o 
brillo do ceo percibido por observadores 
humanos. Algunhas delas son íntrínsecas aos 
detectores (escurecemento progresivo da 
óptica, aumento da opacidade da xanela da 
carcasa), aínda que estes efectos non se 
teñen constatado nos detectores da rede de 
MeteoGalicia. Tamén poden ser debidas a 
avarias do sensor. Outros factores están 
relacionados con cambios no espectro da luz 
detectada: o cambio de lámpadas de 
descarga como as de sodio a alta presión por 
LED brancos conleva unha modificación do 
espectro da radiación emitida que dá lugar a 
diferentes medidas na banda dos SQM para 
igual fluxo fotópico. Nalgúns casos, e 

   Lacking additional information makes it 
difficult to assess whether these trends 
correspond to true changes in the value of 
the zenithal sky brightness in the SQM band, 
and, if so, what effective consequences this 
may have for human observing in the visual 
V(λ) band. There are several possible causes 
whereby the recorded m1/3 magnitude may 
increase withouth decreasing the sky 
brightness perceived by human observers. 
Some of them are instrinsic to the detectors 
themselves (darkening of the optics, loss of 
transmittance of the glass window of the 
enclosure), although none of them have been 
reported in the detectors of the MeteoGalicia 
network. Sensor damage cannot be 
excluded. Other potential causes are related 
to changes in the light spectra: the 
substitution of white LED for high-pressure 
sodium vapor lamps involves a 
corresponding change in the emitted 
spectrum, which translates into different 
SQM readings even if the photopic flux is 
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dependendo dos espectros dunhas e outras 
lámpadas, isto pode dar lugar a unha 
diminución dos valores rexistrados polos 
SQM aínda que a luminancia do ceo para 
observadores humanos se manteña 
constante ou mesmo aumente (Sánchez de 
MIguel et al., 2017). Non se pode descartar 
que algunhas das modificacións recentes dos 
sistemas de alumeado dos concellos 
circundates teñan reducido a cantidade de 
emisións en dirección aos ceos do Parque, 
polo uso de luminarias con maior factor de 
utilización, pola redución dos niveis 
lumínicos preexistentes para adaptarse aos 
requisitos do RD 1890/2008, ou por unha 
combinación de ambos factores. Estas 
reducións, porén, en caso de seren reais, 
vense contrarrestadas, cando menos 
parcialmente, pola tendencia xeralizada a 
substituír as lámpadas de vapor de sodio de 
alta presión con CCT 2200 K por LED de 4000 
K, cuxa radiación é moito máis intensamente 
esparexida pola atmosfera no rango típico 
de distancias que separan eses concellos das 
illas do Parque. 

   A falla de sensibilidade do radiómetro 
VIIRS-DNB do satélite Suomi-NPP na banda 
de longuras de onda do azul fai asimesmo 
difícil avaliar os cambios producidos nas 
fontes artificiais de luz na contorna do 
Parque. Esa falla de sensibilidade espectral 
fai que un cambio de lámpadas de vapor de 
sodio por LED de 3000 K- 4000 K se traduza, 
a ollos do radiómetro, nun escurecemento 
aparente das fontes que non se corresponde 
cos seus valores en banda V(λ). A análise das 
imaxes DSLR en bandas RGB subministradas 
pola Crew Earth Observations facility da 
Estación Espacial Internacional (Stefanov 
2008, Stefanov et al., 2017) poderá permitir 
dilucidar estes extremos nun futuro cercano. 

kept constant. In some cases, and depending 
on the particular spectral features of the 
lamps, this may give rise to a decrease in the 
readings of the SQM, whilst the sky 
luminance for human observers is constant 
or even increases (Sánchez de Miguel et al., 
2017). Other factor that cannot be initially 
discarded is that some of the recent changes 
in the public outdoor lighting systems of the 
municipalities surrounding the Park gave rise 
to a smaller amount of light directed to the 
skies of the islands, either because of using 
luminaires with higher utilization factors, 
reducing the preexisting  illumination levels 
in order to comply with the tenets of the RD 
1890/2008 regulation, or a combination of 
both. However, these reductions, even if 
being real, are partially offset by the general 
trend of substituting high CCT LED (4000 K) 
for the former high-pressure sodium vapor 
lamps (2200 K). High CCT light is more 
intensely scattered by the atmosphere in the 
typical distance ranges here considered. 

 

   The lack of sensitivity in the blue region of 
the spectrum of the VIIRS-DNB radiometer 
onboard the Suomi-NPP satellite makes it 
difficult to assess the actual changes made in 
the artificial light sources of the 
municipalities surrounding the Park. This lack 
of spectral sensitivity makes the substitution 
of LED (3000 K - 4000 K) for sodium vapor 
lamps appear, in the radiometer data, as an 
apparent darkening of the light sources that 
does not correspond with their actual 
emissions in the V(λ) band. The analysis of 
the RGB DSLR images provided by the  Crew 
Earth Observations facility of the 
International Space Station (Stefanov 2008, 
Stefanov et al., 2017) may allow in a near 
future to settle out this issue. 
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5. MAGNITUDE VISUAL LÍMITE / NAKED-EYE LIMITING MAGNITUDE 
 

A avaliación da magnitude visual límite 
(NELM, das súas siglas en inglés) proporciona 
unha información directa sobre a calidade da 
percepción visual do ceo estrelado. Esta 
magnitude, correspondente á das estrelas 
menos brillantes percibibles por un 
observador promedio, determínase na 
práctica mediante conteo de estrelas en 
zonas específicas do ceo. Dado que as 
magnitudes fotométricas en banda V desas 
estrelas están convenientemente 
catalogadas, o número de estrelas visibles 
permite determinar a NELM. Nestas 
campañas utilizamos varias zonas estándar 
da International Meteor Organization, xunto 
coas súas correspondentes táboas de 
magnitudes (IMO, 2018). 

   Ademáis de depender das características 
particulares do sistema visual e da 
experiencia de cada observador,  a un nivel 
fundamental a NELM depende basicamente 
de dous factores externos á persoa 
obervadora: 

• A transmitancia da atmosfera, que por 
mecanismos de absorción e 
esparexemento reduce a cantidade de 
luz procedente dunha estrela que chega 
á superficie terrestre, tendo en conta 
ademáis que, consonte diminúe a altura 
sobre o horizonte do grupo de estrelas 
observado a masa de aire atravesada 
pola luz aumenta (e polo tanto, a luz 
sofre unha maior atenuación), e 

• A contaminación luminosa, que ao facer 
brillar o aire diminúe o contraste da luz 
estelar sobre o fondo xeral de brillo total 
do ceo (natural + antropoxénico) e 
dificulta progresicamente a detección 
das estrelas. 

Nas seguintes páxinas recóllense os 
resultados das observacións efectuadas no 
PNMTIAG na campaña de verán de 2018. 

The evaluation of the naked-eye limiting 
magnitude (NELM) provides a direct 
information on the quality of the visual 
perception of the starry sky. NELM is the 
magnitude of the faintest stars that can be 
detected by an average observer. In practice 
it is determined by the number of stars 
observable in specific zones of the sky. Since 
the photometric V-band magnitudes of these 
stars are conveniently catalogued, the 
number of visible stars allows one to 
determine the NELM.  

In these campaigns we have used several 
standard sky zones of the International 
Meteor Organization, with their 
corresponding look-out tables of magnitudes 
(IMO, 2018). 

Besides depending on the particular features 
of the visual system and the previous 
training of each individual observer, the 
NELM depends, at a fundamental level, on 
two external factors: 

• The transmittance of the atmosphere, 
that reduces the amount of star light 
reaching the surface of Earth, due to the 
combined effects of absorption and 
scattering. As the altitude over the 
horizon decreases, the air mass traversed 
by the light rays from the observed stars 
increases (and hence, the light is more 
attenuated), and 

• Light pollution, since the increased air 
glow reduces the contrast of the star 
light over the total brightness of the 
surrounding sky (natural + 
anthropogenic), and it makes it  
progressively more difficult to detect the 
faintest stars. 

The results of the observations made at the 
PNMTIAG in the summer 2018 campaigns 
are described in the following pages. 
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5.1. Resultados das campañas 2018 / Results of the 2018 campaigns. 

 

A. Illas Cíes (9-10 agosto 2018)  / Cíes Islands (August 9-10, 2018) 
 

LUGAR HORA 
(CEST) SQM Zona  

1 N1 NELM 
1 

Alt1  
(°) 

Zona 
2 N2 NELM 

2 
Alt2 
(°) 

Dique Rodas 01:15 20.80 11 11 5.28 26 16 5 5.15 26 

 01:15 20.81 14 8 5.06 81 16 5 5.15 26 

Queimadeiro 02:15 20.85 14 9 5.39 79 16 5 5.15 19 

 02:15 20.83 14 8 5.06 79 16 5 5.15 19 
Pedra da Campá 00:44 21.00 14 13 5.91 77 16 5 5.15 30 

 00:47 20.88 14 9 5.39 77 16 5 5.15 30 

 00:50 21.02 14 10 5.58 77 16 6 5.64 29 
Faro de Cíes 02:15 20.14 14 3 3.90 79 16 10 6.11 19 

 02:17 20.84 14 3 3.90 79 16 8 5.85 19 

 02:20 20.61 14 3 3.90 78 16 10 6.11 18 

Est. MeteoGalicia 00:40 20.77 14 9 5.39 76 16 8 5.85 31 

 00:40 20.69 14 9 5.39 76 16 7 5.79 31 

Faro da Porta 01:20 20.85 14 9 5.39 81 16 6 5.64 26 

 01:20 20.74 14 11 5.64 81 16 5 5.15 26 
Casa Vieira 23:20 20.50 3 8 5.13 26 14 7 4.94 62 

 23:20 20.94 3 7 4.83 26 --- --- --- --- 

 23:33 20.71 14 7 4.94 64 3 6 4.56 25 

 23:33 20.72 14 8 5.06 64 3 6 4.56 25 

 23:33 20.62 14 7 4.94 64 3 6 4.56 25 

 23:37 20.74 14 8 5.06 64 3 6 4.56 25 

 23:37 20.76 14 9 5.39 65 3 4 3.78 25 

 23:42 N/A 14 6 4.79 66 --- --- --- --- 

 23:47 N/A 16 6 5.64 38 --- --- --- --- 

 23:47 N/A 16 5 5.15 38 --- --- --- --- 

 23:47 N/A 16 4 4.67 38 --- --- --- --- 

 23:47 N/A 16 4 4.67 38 --- --- --- --- 

 23:47 N/A 16 5 5.15 38 --- --- --- --- 

 23:47 N/A 16 4 4.67 38 --- --- --- --- 

 23:47 N/A 16 5 5.15 38 --- --- --- --- 

Valores da magnitude visual límite, determinada por diferentes persoas observadoras, en sete 
localizacións nas Illas Cíes. SQM: valores cenitais, en mag/arcsec2; Zona 1 e 2: zonas IMO utilizadas; 

N1 e 2: Número de estrelas contadas en cada zona; NELM1 e 2: magnitude visual límite 
correspondente; Alt 1 e 2: altura sobre o horizonte (graos) dos grupos estelares observados.  

Naked-eye limiting magnitudes, determined by different observers, in seven locations of the Cies 
Islands. SQM: zenithal readings, in mag/arcsec2; Zona 1 and 2: IMO zones observed; N1 and 2: 

Number of stars visible in each zone; NELM1 and 2:corresponding naked-eye limiting magnitudes; Alt 
1 and 2: Altitude (degrees) of the observed stars over the horizon. 
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Zonas de medida magnitude límite (IMO 2018): 11 (Boo), 16 (UMa), 3 (UMa) e 14 (Cyg)  

Limiting magnitude measurement zones (IMO 2018): 11 (Boo), 16 (UMa), 3 (UMa), and 14 (Cyg) 
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A seguinte gráfica indica as 
correspondencias entre o brillo cenital 
medido con SQM-L manuais (en 
mag/arcsec2) e a NELM (en mag) estimada 
por cada observador. Á hora de avaliar este 
resultado cómpre ter en conta que as 
estimacións foron feitas en distintos lugares 
e con grupos estelares situados en 
diferentes azimuths e alturas sobre o 
horizonte, polo que non é esperable unha 
relación monótona entre un e outro tipo de 
medidas.  

Cada tipo de símbolo corresponde a unha 
persoa observadora diferente. 

 

The next figure shows the correspondence 
between the zenithal sky brightness 
measured with hand-held SQM-L (in 
mag/arcsec2) and the NELM (in mag) 
estimated by each observer. When 
interpreting this plot it shall be taken into 
account that the estimations were made at 
different sites and with star groups located 
at different azimuths and heights over the 
horizon, so a monotone relationship between 
both data sets is not expected a priori. 
    
Each symbol type corresponds to a different 
observer. 
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B. Illa de Sálvora (13-15 de agosto, 2018) / Sálvora Island (August 13-15, 2018) 

 

As medidas en Sálvora foron feitas por un 
equipo de tres observadores (unha 
experimentada e dous noveis nesta tarefa 
concreta), na noite do 13 ao 14 de agosto de 
2018. En cada lugar de observación (ver 
mapa en sección 4.3.1) tomáronse dúas 
medidas do brillo cenital do ceo con dous 
SQM-L manuais, e observouse a zona estelar 
IMO 7 (Cep).  

The measurements at Salvora were made by 
a team of three observers (one experienced 
and two beginners in this particular task) on 
the night of the 13 to 14 August 2018. In 
each observation site (see map in section 
4.3.1) two measurements of the zenithal sky 
brightness were taken with two hand-held 
SQM-L. The IMO 7 stellar zone (Cep) was 
uses to assess the NELM 

 

Lat: Latitude; Lon: Lonxitude; SQM 1 e 2: lectura dos SQM-L (mag/arcsec2); SQM prom: promedio 
dos valores anteriores, N1: número de estrelas contadas por observadora experimentada; N2 e 3: 

Número de estrelas contadas por observadores non experimentados; NELM 1 a 3: magnitudes 
visuais límites correspondentes; Alt: Altura sobre o horizonte (en graos) da zona 7 (Cep) observada. 

Lat: Latitude; Lon: Longitude; SQM 1 and 2: SQM_L readings (mag/arcsec2); SQM prom: average of 
the SQM-L values, N1: number of stars perceived by the experienced observer; N2 and 3: Number of 

stars perceived by less experienced observers; NELM 1 to 3: corresponding naked-eye limiting 
magnitudes; Alt: height above the horizon (degrees) of the observed zone 7 (Cep). 

 

 
Zona 7 (Cep) (IMO, 2018) / Zone 7 (Cep) (IMO, 2018) 

Lat (°) Lon(°) HORA 
(CEST) 

SQM 
1 

SQM 
2 

SQM 
prom N1 N2 N3 NELM 

1 
NELM 

2 
NELM 

3 
Alt 
(°) 

42.466565 -9.013222 23:14 20.96 21.07 21.02 12 5 5 5.73 4.79 4.79 54 
42.469259 -9.005930 23:27 21.09 21.03 21.06 10 8 6 5.36 5.26 5.12 55 
42.468571 -9.010026 23:37 21.10 21.01 21.06 12 6 7 5.73 5.12 5.17 56 
42.468641 -9.007468 23:48 21.07 21.06 21.07 12 6 7 5.73 5.12 5.17 58 
42.470617 -9004244 00:00 21.09 21.02 21.06 11 7 8 5.42 5.17 5.26 59 
42.471366 -9.006057 00:21 20.94 20.96 20.95 9 7 8 5.29 5.17 5.26 61 
42.472715 -9.007709 00:31 20.92 20.82 20.87 10 8 8 5.36 5.26 5.26 62 
42.474881 -9.008891 00:40 20.90 20.82 20.86 10 8 9 5.36 5.26 5.29 63 
42.476534 -9010073 00:48 20.89 20.85 20.87 9 6 8 5.29 5.12 5.26 64 



42 

 

 
Magnitude visual límite fronte medidas cenitais con SQM-L. Á hora de interpretar esta figura cómpre 
ter en conta o indicado para as illas Cíes (ver apartado anterior) / NELM vs zenithal SQM-L readings 

for the three observers in Sálvora. The same cautions as in the Cíes case apply (see above). 
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C. Illa de Ons (7-9 de setembro, 2018) / Ons Island (September 7-9, 2018) 

 

As medidas en ons foron feitas na noite do 7 
ao 8 de setembro de 2018 por dous equipos 
de dúas persoas cada un, o primeiro (A) na 
zona sur da illa, antes do apagado das luces, 
e o segundo (B) na zona centro, antes e 
depois do apagado da iluminación. O equipo 
A utilizou a zona IMO 7 (Cep) e o B as 14 
(Cyg), 19 (UMi-Dra) e 7 (Cep). Tomáronse 
asimesmo medidas do brillo cenital con dous 
SQM-L. 

The measurements at Ons were made in the 
night of 7 to 8 September 2018 by two teams 
of two observers each, the first one (A) 
surveying the South region of the island, 
before the switch-off of the lights, and the 
second one (B) in the central region, before 
and after the switch off. The A team 
observed the IMO 7 (Cep) and the B team the 
14 (Cyg), 19 (UMi-Dra) e 7 (Cep). SQM-L 
zenithal measurements were also collected.   
 

Rexión sur da illa  - antes do apagado de luces - Equipo A 
South region of the island  - before switching off-lights - Observer team A 

Lat: Latitude; Lon: Lonxitude; SQM 1 e 2: lectura dos SQM-L (mag/arcsec2); SQM prom: promedio 
dos valores anteriores, N1 e 2: número de estrelas contadas por dous observadores independentes; 
NELM 1 e 2: magnitudes visuais límites correspondentes; Alt: Altura sobre o horizonte (en graos) da 

zona 7 (Cep) observada. 
Lat: Latitude; Lon: Longitude; SQM 1 and 2: SQM_L readings (mag/arcsec2); SQM prom: average of 

the SQM-L values, N1 and 2: number of stars perceived by two independent observers; NELM 1 and 2: 
corresponding naked-eye limiting magnitudes; Alt: height above the horizon (degrees) of the 

observed zone 7 (Cep). 

 

Lugares de observación-  Equipo B 
Observing locations - Team B 

 

Lat (°) Lon(°) HORA 
(CEST) 

SQM 
1 

SQM 
2 

SQM 
prom N1 N2 NELM 

1 
NELM 

2 
Alt 
(°) 

42.360484 -8.943894 22:59 20.71 20.79 20.75 6 5 5.12 4.79 63 
42.361241 -8.944330 23:06 20.79 20.81 20.80 7 7 5.17 5.17 64 
42.362953 -8.943668 23:10 20.83 20.82 20.83 7 6 5.17 5.12 64 
42.364799 -8.944810 23:21 20.81 20.78 20.80 6 7 5.12 5.17 65 
42.366878 -8.943258 23:29 20.75 20.82 20.79 5 6 4.79 5.12 66 
42.365864 -8.940837 23:36 20.77 20.83 20.80 6 7 5.12 5.17 66 
42.366005 -8.938667 23:42 20.80 20.83 20.82 8 6 5.26 5.12 67 
42.368791 -8.937976 23:49 20.74 20.75 20.75 8 8 5.26 5.26 67 
42.371023 -8.937575 00:03 20.79 20.79 20.79 7 6 5.17 5.12 68 
42.371029 -8.937584 00:08 20.76 20.76 20.76 8 6 5.26 5.12 68 
42.373172 -8.935430 00:17 20.9 20.81 20.86 6 6 5.12 5.12 68 

Lugar Lat (°) Lon(°) 
Baixada peirao 42.376970 -8.931771 
Peirao 42.377147 -8.930600 
Praia Dornas 42.377176 -8.931466 
Antes da Punta Castelo 42.379036 -8.930502 
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Rexión central da illa  - antes/despois do apagado de luces - Equipo B Observadora 1 
Central region of the island  - before/after switching off-lights - Team B Observer 1 

SQM: lectura do SQM-L (mag/arcsec2); N1 a 3: número de estrelas contadas pola observadora, nas 
zonas IMO indicadas; NELM 1 a 3: magnitudes visuais límites correspondentes; Alt1 a 3: Alturas 

sobre o horizonte (en graos) das zonas IMO 14, 19 e 7 observadas. 

SQM: SQM_L readings (mag/arcsec2); N1 to 3: number of stars perceived by the observer; NELM 1 to 
3: corresponding naked-eye limiting magnitudes; Alt1 to 3: height above the horizon (degrees) of the 

observed zones (IMO 14, 19, and 7). 

 

 

Rexión central da illa  - antes/despois do apagado de luces - Equipo B Observadora 2 
Central region of the island  - before/after switching off-lights - Team B Observer 2 

SQM: lectura do SQM-L (mag/arcsec2); N1 a 3: número de estrelas contadas pola observadora, nas 
zonas IMO indicadas; NELM 1 a 3: magnitudes visuais límites correspondentes; Alt1 a 3: Alturas 

sobre o horizonte (en graos) das zonas IMO 14, 19 e 7 observadas. 

SQM: SQM_L readings (mag/arcsec2); N1 to 3: number of stars perceived by the observer; NELM 1 to 
3: corresponding naked-eye limiting magnitudes; Alt1 to 3: height above the horizon (degrees) of the 

observed zones (IMO 14, 19, and 7). 

Lugar HORA 
(CEST) SQM  N1 

14 
N2 
19 

N3 
7 

NELM 
1 

NELM 
2 

NELM 
3 

Alt1 
(°) 

Alt2 
(°) 

Alt3 
(°) 

Antes do apagado das luces da illa / Before switching-off lights in the island 
Baixada peirao 23:05 19.74 3 0 --- 3.90 --- --- 80 41 64 
Peirao 23:40 20.49 3 3 3 3.90 3.89 4.07 84 38 67 
Praia Dornas 00:10 20.53 2 --- 4 2.49 --- 4.23 82 36 68 
Antes Castelo 00:45 20.51 3 3 3 3.90 3.89 4.07 77 34 69 

Despois do apagado das luces da illa / After switching-off lights in the island 
Baixada peirao 02:10 20.65 5 3 4 4.73 3.89 4.23 61 28 66 
Peirao 02:25 20.79 5 3 4 4.73 3.89 4.23 59 28 66 
Praia Dornas 02:35 20.82 4 --- 4 4.65 --- 4.23 55 27 64 

Lugar HORA 
(CEST) SQM  N1 

14 
N2 
19 

N3 
7 

NELM 
1 

NELM 
2 

NELM 
3 

Alt1 
(°) 

Alt2 
(°) 

Alt3 
(°) 

Antes do apagado das luces da illa / Before switching-off lights in the island 
Baixada peirao 23:05 20.10 3 0 --- 3.90 --- --- 80 41 64 
Peirao 00:05 20.66 5 3 4 4.73 3.89 4.23 83 36 68 
Praia Dornas 00:25 20.63 4 --- 5 4.65 --- 4.79 80 35 69 
Antes Castelo 00:45 20.72 5 3 5 4.73 3.89 4.79 77 34 69 

Despois do apagado das luces da illa / After switching-off lights in the island 
Baixada peirao 02:15 20.82 6 3 5 4.79 3.89 4.79 61 28 66 
Peirao 02:25 20.81 6 4 5 4.79 5.19 4.79 59 28 66 
Praia Dornas 02:45 20.75 4 --- 4 4.65 --- 4.23 55 27 64 
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Zona 9 (UMi-Dra) (IMO, 2018) / Zone 19 (UMi-Dra) (IMO, 2018) 

 

 

 
  
Magnitude visual límite fronte medidas cenitais con SQM-L en Ons, catro observadores. Cada tipo de 

símbolo corresponde a un observador diferente. Á hora de interpretar esta figura cómpre ter en 
conta o indicado para as illas Cíes (ver apartado anterior) / NELM vs zenithal SQM-L readings in Ons, 

four observers. Each symbol type corresponds to a different observer.The same cautions as in the Cíes 
case apply (see above). 
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5.2. Tendencias de cambio 2015-2018 / 2015-2018 evolution trends. 

 

A detección de cambios na magnitude visual 
límite presenta problemas metodolóxicos 
relevantes. As medidas son feitas en días 
concretos, por diferentes observadores (con 
distinto nivel de experiencia previa), a 
diferentes horas da noite, utilizando campos 
estelares situados a distinta distancia cenital 
e distinto azimut (é dicir, con distinto brillo 
artificial do ceo e, no que atinxe á distancia 
cenital, distinta atenuación atmosférica). A 
redución destas medidas a un patrón común 
(equivalente a distancia cenital cero e 
medianoite UTC nunha atmosfera estándar) 
non é en xeral posible, cos datos 
proporcionados pola instrumentación 
dispoñible. Podemos, con todas as reservas, 
analizar os valores medios da magnitude 
límite visual obtidos en cada illa en cada ano. 
Esa información, aínda que en ningún caso 
concluínte, pode permitir albiscar tendencias 
a comprobar cunha maior acumulación de 
datos observacionais. 

   A impresión subxectiva maioritaria dos 
participantes en campañas desenvolvidas 
entre 2014 e 2018  é que o brillo do ceo nas 
illas tendeu a aumentar. Esa impresión pode 
ser doadamente debida a un sesgo derivado 
do coñecemento do aumento da 
contaminación luminosa a nivel mundial, e 
non é conforme cos datos recollidos polos 
SQM da rede de MeteoGalicia (ver discusión 
na sección 4.4.). Porén, si parece estar 
apoiada polos valores de magnitude límite 
colleitados ao longo do tempo (ver informes 
CLPNIAG-01 a 07). Acumulando nun vector 
único todos os datos de magnitude visual 
límite recollidos en cada campaña en cada 
illa, sen distinción de observadores, horas e 
posición dos campos estelares observados, o 
valor medio [desviación estándar da mostra 
en mag; número de datos] rexistrado na illa 
de Ons foi de 5.43 mag [0.35; 64] nas 
campañas do verán de 2014, 5.28 mag [0.77; 
28] no verán de 2015, e 4.61 mag [0.58; 56] 

The detection of changes in the naked-eye 
limiting magnitude poses some relevant 
methodological issues. These measurements 
are made at a set of particular days, by 
different observers (with different levels of 
previous experience), at different times 
during the night, using starfields located at 
different zenithal distances and azimuths 
(i.e. with a different artificial contribution to 
the overall sky brightness, and, regarding 
zenithal distance, different atmospheric 
attenuation). Reducing these measurements 
to a common reference frame (e.g. 
equivalent to zero zenithal distance and UTC 
midnight on a standard atmosphere) is not 
possible due to the lack of essential data. We 
can, however, and with all due caution, 
analyze the average values of the naked-eye 
limiting magnitude obtained at each island 
each year. This information, although in no 
way conclusive, may allow to ascentain some 
trends that shall in any case be verified with 
larger observational datasets. 

   The prevailing subjective feeling of the 
participants in the campaigns carried out in 
the period 2014-2018 is that the sky 
brightness in the islands tended to increase. 
This feeling may well be due to a bias derived 
from the knowledge of the worldwide 
increase of light pollution, and it seems to 
contradict the data gathered by the 
MeteoGalicia sensor network (see discussion 
in sect. 4.4.). However, it seems to be backed 
up by the values of the naked-eye limiting 
magnitude collected during the campaigns of 
the last years (see reports CLPNIAG-01 to -
07). Pooling in a single vector all NELM data 
gathered in each campaign in each island, 
withouth regard for observers, times and 
position of the observed star fields, the 
average value [standard deviation of the 
sample, in mag; sample size] recorded at the 
Ons island was 5.43 mag [0.35; 64] in the 
2014 summer campaign, 5.28 mag [0.77; 28] 
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no verán de 2018. Nas illas Cíes, o valor 5.60 
mag [0.55; 21] rexistrado en 2015 pasou a 
ser 5.11 mag [0.55; 49] en 2018. E en Sálvora 
as 5.72 mag [0.13, 3] mag de 2015 pasaron a 
ser 5.26 mag [0.22; 27] en 2018. 

   Se ben estes resultados non reúnen as 
condicións metodolóxicas mínimas 
requiridas para obter firmes conclusións, si 
apuntan a un progresivo abrillantamento 
dos ceos en banda visual humana que 
require un seguemento e atención especiais, 
dadas as súas consecuencias para a 
observación do ceo estrelado, así como pola 
súa posible incidencia e/ou efectos adversos 
sobre as especies humana e de fauna e flora. 

 

   

in the 2015 one, and 4.61 mag [0.58; 56] in 
the summer of 2018. In the Cíes islands, the 
value 5.60 mag [0.55; 21] recorded in 2105 
became 5.11 mag [0.55; 49] in 2018. And in 
Sálvora island the 5.72 mag [0.13, 3] of 2015 
became 5.26 mag [0.22; 27] in 2018.  

   Even though these results do not meet the 
minimum necessary conditions to formulate 
sharp conclusions, they suggest a trend of 
progressive brightening of the sky in the 
human visual band that deserves special 
attention and monitoring, given its relevant 
consequences for the visual perception of the 
starry sky, as well as its possible incidence 
and / or adverse effects on human and flora 
and fauna species. 

 



48 

 

 

6. FONTES DE CONTAMINACIÓN LUMINOSA / LIGHT POLLUTION SOURCES 
 

6.1. Análise das fontes continentais (I): datos de satélite / Continental light sources (I): 
satellite data.  

Diversos instrumentos a bordo de 
plataformas en órbita terrestre 
proporcionan información sobre as emisións 
de luz de orixe artificial en horario nocturno 
(Kyba et al., 2015b). Entre eles cabe destacar 
o radiómetro VIIRS-DNB do satélite Suomi-
NPP (Baugh et al. 2013; Cao and Bai, 2014; 
Elvidge et al., 2013, 2017; EOG, 2018) e as 
cámaras DSLR-RGB do Crew Earth 
Observation Program, da Estación Espacial 
Internacional (Stefanov et al., 2017). Estas 
fontes de datos complementan as obtidas 
históricamente polo programa de satélites 
DMSP (Cinzano and Elvidge, 2004), e serán 
en breve complementadas por novas imaxes 
procedentes de diversas plataformas, entre 
elas o satélite chinés LuoJia 1-01, da 
Universidade de Wuhan (LJ101, 2018; Wei, 
2018).  

 A partir dos datos de radiancia 
subministrados polo VIIRS-DNB en banda 
pancromática (500-900 nm), adquiridos 
diariamente arredor das 01:30 hora solar 
local, é posible estimar o brillo artificial do 
ceo mediante a aplicación de diversos 
modelos de cálculo (Aubé, 2015; Aubé and 
Simonneau, 2018; Aubé et al., 2016; Bará et 
al., 2015; Cinzano and Elvidge, 2004; Cinzano 
et al., 2001, 2001b; Falchi et al., 2016; 
Garstang, 1986, 1989; Kocifaj, 2007, 2016; 
Ribas, 2016, 2017; Sánchez de Miguel, 2016; 
Solano Lamphar and Kocifaj, 2016; 
Zamorano et al., 2016). En particular, pode 
estimarse o brillo cenital artificial do ceo 
(ZSB) mediante o procedemento de Cinzano 
e Falchi (2012) e o brillo promedio artificial 
da bóveda celeste (ALR) ou calquera outro 
descriptor fotométrico linear (Duriscoe, 
2016), mediante o modelo simplificado de 
Duriscoe et al. (2018).  

Several instruments onboard Earth orbiting 
platforms provide information about the 
artificial light emissions at nighttime (Kyba et 
al., 2015b). Among them, the VIIRS-DNB 
radiometer of the Suomi-NPP satellite 
(Baugh et al. 2013; Cao and Bai, 2014; 
Elvidge et al., 2013, 2017; EOG, 2018) and 
the DSLR-RGB cameras of the Crew Earth 
Observation Program, at the International 
Space Station (Stefanov et al., 2017). These 
sources of data complement those 
historically acquired by the DMSP satellite 
program (Cinzano and Elvidge, 2004) and 
will be soon complemented by new imagery 
from several orbiting platforms, among them 
the University of Wuhan chinese LuoJia 1-01 
satellite (LJ101, 2018; Wei, 2018).  
 
 

 From the radiance data provided by the 
VIIRS-DNB in panchromatic band (500-900 
nm), acquired daily at about 01:30 solar local 
time, it is possible to estimate the artificial 
sky brightness  using several calculation 
models (Aubé, 2015; Aubé and Simonneau, 
2018; Aubé et al., 2016; Bará et al., 2015; 
Cinzano and Elvidge, 2004; Cinzano et al., 
2001, 2001b; Falchi et al., 2016; Garstang, 
1986, 1989; Kocifaj, 2007, 2016; Ribas, 2016, 
2017; Sánchez de Miguel, 2016; Solano 
Lamphar and Kocifaj, 2016; Zamorano et al., 
2016). In particular, it is possible to estimate 
the artificial zenithal sky brightness (ZSB) by 
the procedure developed by Cinzano and 
Falchi (2012), and the artificial all-sky 
average brightness ratio (ALR), or any other 
linear photometric indicator (Duriscoe, 
2016), using the simplified model of Duriscoe 
et al. (2018). 
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 En calquera dos casos, e utilizando a 
técnica descrita por Bará e Lima (2018) é 
posible identificar a contribución porcentual 
de cada fonte terrestre ao brillo total 
predito, e agrupar esas contribucións por 
concellos (ou calquera outra endidade 
territorial) para avaliar a contribución 
relativa de cada territorio circundante aos 
niveis de contaminación luminosa 
observados. Os mapas incluídos a 
continuación amosan a contribución 
porcentual (%) dos concellos veciños ao 
brillo total do ceo rexistrado en lugares 
característicos das illas do PNMTIAG, en 
noites despexadas. 

 A análise dos resultados revela que: 

• Un número relativamente elevado de 
concellos contribúen en proporcións 
non desprezables á formación do 
brillo artificial do ceo en cada illa. 

• O peso que cada concello ten 
depende das súas emisións absolutas 
de luz, da súa distancia respecto do 
lugar de observación, da variable 
estudada (brillo cenital ou 
hemisférico promedio) e do estado 
da atmosfera. A igualdade doutras 
condicións, en circunstancias 
atmosféricas nas que diminúe a 
visibilidade, o peso relativo dos 
concellos cercanos aumenta. 

Poden conseguirse melloras substanciais na 
calidade da noite natural nas illas actuando 
nos concellos con maior peso nas mesmas. 
Porén, unha solución efectiva e sostible a 
longo prazo para o PNMTIAG require unha 
actuación coordinada en toda a faixa 
costeira. 

    In any case, using the technique described 
by Bará and Lima (2018) it is possible to 
identify the percent contribution of each 
terrestrial source to the total predicted 
brightness, and to aggregate these 
contributions by municipalities (or any other 
suitable territorial entities) in order to assess 
the relative contribution of each surrounding 
territory to the observed light pollution 
levels. The following maps display the 
percent (%) contribution of the neighboring 
municipalities to the night sky brightness at 
characteristic sites of the PNMTIAG islands, 
for clear (cloudless) nights, calculated 
according to this technique. 

 The results show that: 

• There is a relatively high number of 
municipalitiies contributing with non-
negligible amounts to the build up of 
the overall artificial sky brightness in 
each island. 

• The weight of each municipality 
depends on its absolute emissions of 
light, its distance to the observing 
site, the photometric variable under 
study (zenithal or hemispheric 
average) and on the prevailing 
atmospheric conditions. Everything 
else being equal, the relative weight 
of the municipalities located closer to 
the observing site increases as the 
visibility decreases. 

Significant improvements of the quality of 
the natural night at the islands can be 
achieved acting on the municipalities with 
greater weights. However, an effective, long-
term sustainable solution for the PNMTIAG 
will no doubt require a coordinated joint 
action along all the coastal region. 
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ILLAS CÍES  

 
1. Brillo artificial cenital en Dique de Rodas. Contribución porcentual de concellos cercanos, para 

visibilidade 26 km (K=1.0). Artificial zenithal sky brightness at Dique de Rodas. Percent 
contribution of neighboring municipalities, for visibility=26 km (K=1.0). 

 
2. Brillo artificial hemisférico promedio en Dique de Rodas. Contribución porcentual de concellos 

cercanos, para visibilidade 65 km (K=0.35). Artificial average of hemispherical sky brightness at 
Dique de Rodas. Percent contribution of neighboring municipalities, for visibility=65 km (K=0.35). 
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ILLA DE ONS  

 
1. Brillo artificial cenital en Canexol. Contribución porcentual de concellos cercanos, para visibilidade 

26 km (K=1.0). Artificial zenithal sky brightness at Canexol. Percent contribution of neighboring 
municipalities, for visibility=26 km (K=1.0). 

 
2. Brillo artificial hemisférico promedio en Canexol. Contribución porcentual de concellos cercanos, 

para visibilidade 65 km (K=0.35). Artificial average of hemispherical sky brightness at Canexol. 
Percent contribution of neighboring municipalities, for visibility=65 km (K=0.35). 
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ILLA DE SÁLVORA  

 
1. Brillo artificial cenital na zona do Faro. Contribución porcentual de concellos cercanos, para 

visibilidade 26 km (K=1.0). Artificial zenithal sky brightness at the lighthouse zone. Percent 
contribution of neighboring municipalities, for visibility=26 km (K=1.0). 

 
2. Brillo artificial hemisférico promedio na zona do Faro. Contribución porcentual de concellos 

cercanos, para visibilidade 65 km (K=0.35). Artificial average of hemispherical sky brightness at 
the lighthouse. Percent contribution of neighboring municipalities, for visibility=65 km (K=0.35). 
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ILLA DE CORTEGADA  

 
1. Brillo artificial cenital na zona da Capela. Contribución porcentual de concellos cercanos, para 

visibilidade 26 km (K=1.0). Artificial zenithal sky brightness at the chapel zone. Percent 
contribution of neighboring municipalities, for visibility=26 km (K=1.0). 

 
2. Brillo artificial hemisférico promedio na zona da Capela. Contribución porcentual de concellos 

cercanos, para visibilidade 65 km (K=0.35). Artificial average of hemispherical sky brightness at 
the chapel. Percent contribution of neighboring municipalities, for visibility=65 km (K=0.35). 
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6.2. Análise das fontes continentais (II): imaxes DSLR / Continental light sources (II): DSLR 
imagery. 

 

A transformación máis notoria producida 
nos últimos anos na paisaxe nocturna da 
costa situada en fronte do PNMTIAG é o 
proceso continuado de cambio das 
tradicionais lámpadas de vapor de sodio por 
LED fríos de 4000 K. Este proceso ten 
consecuencias diversas: por unha banda 
reduce en parte a contaminación luminosa 
mediante un mellor confinamento dos feixes 
de luz (con algunhas excepcións, ver figuras) 
e a diminución en certos casos dos niveis 
existentes de iluminación para adaptarse ao 
R.D. 1890/2008; por outra, incrementa a 
contaminación luminosa debido ao uso de 
fontes de luz de alta temperatura de cor 
(CCT) que é máis eficazmente dispersada 
pola atmosfera. Ademais, algunhas 
luminarias están instaladas de forma que 
teñen a máxima emisión en dirección 
horizontal, con potenciais consecuencias moi 
negativas para a fauna, en especial aves 
mariñas. 

The most conspicuous transformation of the 
nightscape in the continental shoreline in 
front of the PNMTIAG is the ongoing process 
of substitution of 4000 K LED for the high-
pressure sodium vapor discharge lamps 
traditionally used in this zone. This process 
has mixed consequences, reducing in part 
the light pollution effects due to a better 
confinement of the light beams (with some 
exceptions, see below) and lowering the 
preexisting illumination levels for compliance 
with the present regulations (R.D. 
1890/2008), and increasing it due to the 
choice of hight CCT sources whose light is 
more efficiently scattered by the 
atmosphere. Additionally, some high 
luminance sources are installed such that its 
maximum radiance is emitted in horizontal 
directions (see images below), with 
potentially harmful consequences for 
wildlife, especially seabirds. 

 
Costa ao SurLeste das illa Cíes, a partir de Toralla (esquerda) cara Baiona   

Shoreline South-East of Cies, from Toralla (left) toward Baiona 
Arriba/top:  Desde o Faro de Cíes / from Cies Lighthouse,  14 marzo 2015, Canon EOS 1200D, f/5.6, 

10s , ISO-800, f=55 mm, auto WB, (c) S.B.V 
Abaixo/bottom: Desde / from Casa Vieira, 9 agosto 2018, Canon EOS 700D, f/8, 5 s,  ISO-3200, f=31 

mm, auto WB,  (c) J.P.N. 
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Costa ao NorLeste de Sálvora: Aguiño, Ribeira, A Pobra. 

Continental shoreline at the North-East of Sálvora: Aguiño, Ribeira, A Pobra 
Arriba/top: 14 xullo 2015, 23:58 (CEST), Canon EOS 1200D, f/3.5, 10 s, ISO-400, f= 18 mm, auto WB  

Abaixo/bottom: 14 agosto 2018, 23:21 (CEST) cos mesmos parámetros / same settings  
Obtidas desde / made from: Camiño da praia do Castelo, Sálvora. (c) S.B.V. 

 

 
Costa ao Leste de Ons  / Continental shoreline at the East of Ons 

Arriba/top:  12 abril 2015, 02:04 (CET), EOS1200D, f/5.6, 10 s, ISO-800, f=32 mm, auto WB. 
Abaixo/bottom:  08 setembro 2018, 23.34 (CEST), idem salvo/excepting for f=55mm. 

Obtidas a carón do Faro de Ons / made from a vantage point close to the Ons lighthouse. (c) S.B.V. 
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6.3. Fontes de contaminación nas illas do PNMTIAG / Light pollution sources at the 
PNMTIAG islands. 

 

As lámpadas e luminarias existentes 
nalgunhas das illas do PNMTIAG son 
asimesmo unha fonte importante de 
contaminación luminosa e contribúen de 
xeito non desprezable ao deterioro da 
calidade das súas noites. Estas fontes de luz 
están maioritariamente asociadas a 
establecementos de hostelaría, vivendas 
particulares e instalacións do propio Parque. 
Os seus efectos principais no que atinxe á 
contaminación luminosa son os seguintes: 

• Contribúen ao incremento do brillo 
do ceo mediante procesos de 
esparexemento a curtas distancias, 
particularmente notables cando a 
concentración de aerosois 
atmosféricos é alta. 

• Introducen luz, de forma directa, en 
espazos que non deberían estar 
iluminados, xerando nalgúns casos 
unha importante intrusión luminosa, 
cuxas consecuencias en termos  
medioambientais, ben coñecidas 
noutros contextos xeográficos, aínda 
non teñen sido suficientemente 
estudadas no PNMTIAG. 

• Na maioría das ocasións dan lugar a 
fortes efectos de encandeamento 
(*deslumbramento), dificultando de 
forma sensible a percepción da 
contorna e en particular a do ceo 
estrelado. 

A situación nos diferentes arquipélagos, en 
termos xerais, é a seguinte: 

 

Cíes 

As principais fontes de luz non apantalladas 
pertencen aos establecementos hosteleiros, 
incluído o cámping. Existen luminarias no 
exterior das edificacións do Parque que, de 

The lamps and luminaires installed in several 
PNMTIAG islands are a relevant source of 
light pollution, and contribute in a non-
negligible way to jeopardizing their nights. 
These light sources are mostly associated 
with catering and accommodation 
establishments, private homes, and the 
facilities and auxiliary buildings of the 
National Park itself. The main effects of 
these lights, from the light pollution 
standpoint, are the following ones: 

• They contribute to the increase of the 
sky brightness, through short-range 
scattering processes that are 
particularly noticeable when the 
aerosol concentration in the 
atmosphere is high.  

• They directly illuminate spaces that 
should be in darkness, giving rise in 
some cases to an important light 
intrusion effect whose environmental 
consequences, well known in other 
geographical contexts, have  not 
been enough studied at the 
PNMTIAG.   

• These light sources give also rise to 
strong glare effects, making it 
difficult the perception of the natural 
surroundings and, in particular, of the 
starry skies. 

 

The situation in the different achipelagos, on 
general grounds, is as follows: 

 

Cíes 

The main unshielded light sources belong to 
accomodation establishments, including the 
only camping facility in the island. Some 
luminaires in the exterior façades of the 
auxiliary buildings of the National Park, 
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seren acendidas en horario nocturno, 
producen niveis relevantes de 
contaminación luminosa. 

 

Ons 

A noite da illa de Ons, antes do momento no 
que se interrompe o subministro eléctrico 
local, está fortemente deteriorada, en 
tempada de verán, polas lámpadas 
existentes nos diversos establecementos 
hostaleiros en moitas vivendas particulares. 
Estas lámpadas, na súa maioría LED de alta 
luminancia e alta temperatura de cor, 
permanecen acendidas até a hora de corte 
(arredor das 02:30 CEST) emitindo luz en 
direccións claramente inapropiadas. A 
iluminación existente nas novas instalacións 
do camping é particularmente inaxeitada, 
desde o punto de vista da instrusión 
luminosa e o encandeamento. 

 

Sálvora 

Nestes momentos as fontes de luz locais na 
illa de Sálvora, practicamente inexistentes, 
non supoñen un factor relevante, alén da luz 
procedente das instalacións accesorias do 
faro. 

 

Cortegada 

Non hai fontes locais relevantes na propia 
illa. Porén, as luminarias LED asociadas aos 
parques de cultivo de moluscos que se 
atopan na liña de costa de Cortegada e nos 
baixos adxacentes de Carril representan un 
importante elemento disruptor iluminando 
de forma notoria os fondos mariños (Bará et 
al., 2018) con consecuencias 
medioambientais aínda non avaliadas. 

 

during nighttime, produce relevant levels of 
light pollution. 

 
 

Ons 

Before the switch-off of the main power, the 
night at the Ons island is strongly degraded 
in summer time, due to the lamps installed in 
several restaurants and accommodation 
establishments as well as in many private 
homes. These lamps, mostly high brightness 
LEDs with high CCT, are kept on until the 
mains power curfew (about 02:30 CEST) 
emitting ligth in clearly inconvenient 
directions. The lighting sources of the new 
camping facilities are particularly 
inappropriate, regarding light intrussion and 
glare. 

 

 

Sálvora 

As of today, outdoor light sources in Sálvora 
are not a matter of concern, beyond the light 
that may leak from the auxiiary buildings of 
the lighthouse. 

 

 
Cortegada 

There are not relevant outdoor light sources 
within the island itself. However, the 
powerful LED luminaires installed in its 
shoreline, belonging to the mollusk 
cultivation parks near the island as well as in 
the shallows near Carril are an important 
factor of disruption of the natural night 
darkness. These lamps strongly illuminate 
the seabed (Bará et al., 2018) with still not 
evaluated environmental consequences. 
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7. TURBULENCIA / SEEING  
 

Durante as campañas do verán de 2018 en 
Sálvora en Ons foron adquiridas extensas 
series de datos de movemento diferencial de 
imaxes estelares, mediante un sistema 
DIMM redundante modificado desenvolvido 
nos laboratorios da USC (traballo a cargo de 
J.M.C.V., C.H.C e S.B.V.). Estas series de 
datos están sendo procesadas no momento 
de redactar este informe.  

   Leváronse a cabo nas mesmas illas 
osbervacións telescópicas visuais e 
fotográficas de estrelas dobres separadas 
menos de 3 segundos de arco, en particular 
de ε Lyr, a dobre-dobre de Lyra (ε1 con mags. 
4.7-6.2, separación 2.6 segundos de arco e ε2 
con mags 5.1-5.5 separadas 2.3 segundos de 
arco), podendo ser resoltas sen dificultade. 

 

 
Rexistrando datos de turbulencia en Sálvora 

Recording turbulence data in Sálvora 

(Newton 200 mm f/5, HEQ5) 

 

During the campaigns carried out in the 
summer of 2018 in Sálvora and Ons we 
recorded large datasets of differential 
movements of star images, using a modified 
redundant DIMM system developed at our 
USC labs (work by J.M.V.V, C.H.C, and S.B.V.) 
These datasets are being processed at the 
time of drawing this report. 

 
   Visual and photographic telescopic 
observations of binary stars closer than 3 arc 
seconds were also made, in particular of ε 
Lyr, the double-double in Lyra (ε1 with 4.7-
6.2 mags., separation 2.6 arcseconds, and ε2 
with 5.1-5.5 mags.,  separation 2.3 
arcseconds), having no difficulty for resolving 
them. 

 

 

 
ε1 Lyr desde Ons  
ε1 Lyr from Ons 

(Maksutov-Cassegrain 150/1800 mm, HEQ5) 

 



59 

 

 

8. AVALIACIÓN XERAL E PROPOSTAS DE ACTUACIÓN / OVERALL ASSESSMENT 
AND PROPOSALS 
 

 

O Parque Nacional Marítimo-Terrestre das 
Illas Atlánticas de Galicia conserva aínda 
ceos nocturnos de apreciable escuridade, 
pero se atopa sometido a unha forte presión 
luminosa procedente dos concellos 
costeiros (ver sección 6.1) que, de aumentar 
nos próximos anos, daría lugar á perda das 
condicións que permiten manter algunhas 
das certificacións coas que conta (Starlight 
2015), en particular, a condición de que a 
escuridade cenital do ceo sexa superior a 
21.0 mag/arcsec2. Segundo se pode ver na 
sección 4.2. a banda de isoluminancia cenital 
21.0 mag/arcsec2 está perigosamente perto 
das illas de Sálvora e Ons, e atravesa xa polo 
seu eixe central Norte-Sur as illas Cíes. 
Cortegada, polo seu carácter practicamente 
urbano, atópase actualmente moi lonxe de 
poder acercarse a eses niveis de escuridade, 
ainda que algunhas actuacións de mellora 
serían plausibles. 

   Ademáis das consecuencias relativas á 
posibilidade de contemplación dos ceos 
estrelados, é previsible que un aumento das 
emisións luminosas incida negativamente 
sobre aspectos importantes da vida e o 
medio ambiente natural das illas e das 
zonas marítimas protexidas (Gaston et al., 
2013, 2014; Hölker et al., 2010a, 2010b; 
Longcore and Rich, 2004; Navara and 
Nelson, 2007; Rich and Longcore, 2006). 

   As principais prioridades en materia de 
contaminación luminosa no PNMTIAG, ao 
noso xuizo, son as seguintes: 

En relación aos concellos da contorna (non 
limitados aos da área de influencia 
socioeconómica), nas súas accións de 
reforma, reparación ou mellora dos sistemas 
de alumbrado público: 

The Galician Atlantic Islands Maritime-
Terrestrial National Park still preserves 
significantly dark night skies, but it is 
subjected to a strong luminous pressure 
from coastal municipalities (see sect. 6.1) 
which, if increased for the next years, would 
soon involve the loss of the requirements for 
the current the certifications (Starlight, 
2015). In particular, the condition of zenithal 
night sky brightness darker than 21.0 
mag/arcsec2 would be jeopardized. 
According to the results shown in sect. 4.2. 
the zenithal isoluminance band of 21.0 
mag/arcsec2 is dangerously close to the 
Sálvora and Ons islands, and already crosses 
the Cíes islands through their central North-
South axis. Cortegada island, being 
practically an urban district, is nowadays far 
from approaching this darkness level, 
although some improvement actions would 
be plausible. 

   Besides the deleterious consequences for 
the contemplation of pristine starry skies, it 
can be anticipated that an increase of 
luminous emissions will negatively affect 
important aspects of the natural wildlife 
environment of the islands and the marine 
protected areas alike (Gaston et al., 2013, 
2014; Hölker et al., 2010a, 2010b; Longcore 
and Rich, 2004; Navara and Nelson, 2007; 
Rich and Longcore, 2006). 

  The main priorities regarding light 
pollution at the PNMTIAG, in our view, are 
the following: 

Concerning the surrounding municipalities 
(including, but not limited to, the ones 
officially composing the socio-economic 
influence area), to improve the outdoor 
public lighting systems: 
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• Utilizar lámpadas coas temperaturas 
de cor máis baixas compatibles cos 
usos desexados, sempre por debaixo 
dos 3000 K e preferentemente 
inferiores a 2300 K (p.ex. vapor de 
sodio, LED pc-ámbar o LED filtrado). 

• Garantir a ausencia de emisións 
directas na dirección das illas e dos 
seus ceos. Garantir un factor de 
utilización do 100%, con cero fotóns 
emitidos de forma directa polas 
cabezas das luminarias en dirección a 
áreas diferentes ás que estritamente 
se deben iluminar. 

• Reducir ao máximo os niveis de 
iluminación pública exterior, 
adoptando como niveis máximos os 
niveis indicados como mínimos no 
R.D. 1890/2008 e aplicando fortes 
reducións de fluxo nas horas en que 
as características de uso das vías 
permitan a súa reclasificación en 
clases de iluminación inferiores. 

• Adoptar, de forma coordinada a nivel 
comarcal, un cupo máximo anual de 
emisións luminosas (en lm·ano para 
cada concello), e aterse a ese límite 
global na planificación de novas 
instalacións e reforma das existentes, 
redistribuíndo os niveis de 
iluminación no termo municipal de 
forma que non se superen os cupos 
máximos establecidos. 

 

En relación ao territorio do PNMTIAG: 

• Reformar urxentemente as 
luminarias e lámpadas existentes nas 
illas, moi especialmente as 
pertencentes a establecementos 
hosteleiros, pero tamén as de veciñas 
e veciños no caso de Ons, coa fin de 
evitar os prexudiciais efectos de 
intrusión luminosa, brillo aumentado 
do ceo e encandeamento que hoxe 

• Use lamps with as low as possible 
color temperatures, compatible with 
the intended uses, always below 3000 
K and preferentially below 2300 K 
(e.g. pc-amber, filtered LED high 
pressure sodium vapor). 

• Ensure the lack of direct emissions in 
the direction of the islands and their 
skies. Warrant an utilization factor 
100%, with zero photons emitted 
directly by the luminaire heads in 
directions other than the ones that 
have strictly to be illuminated. 

• Reduce as much as possible the public 
outdoor lighting levels, adopting as 
maximum levels those established as 
minima in the current regulation RD 
1890/2008. Apply additionally strong 
flux reductions at the times of the 
night when the frequency of use of 
the roads allows their reclassification 
as lower lighting classes. 

• Adopt, as a coordinated decision at 
county ("comarcal") level, a 
maximum yearly cap of luminous 
emissions (measured in lm·year) for 
each municipality, and abide by this 
global limit when it comes to 
planning new installation or 
modifying the existing ones, 
redistributing the lighting levels 
within each municipality in order to 
not surpass the established caps. 

Concerning the PNMTIAG territory: 

• Urgently upgrade the luminaires and 
lamps installed in the islands, most 
notably those belonging to hostelry 
establishments but also those of 
private homes in Ons, in order to 
avoid the deleterious effects of light 
intrusion, increased sky glow, and 
glare, that nowadays affect the 
islands, with special severity in Ons 
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afectan ás illas, en particular Ons e 
Cíes.  

• Reducir drasticamente a súa 
temperatura de cor, adoptando as 
recomendadas para Parques e zonas 
protexidas (CCT < 2300 K, p.ex. 
lámpadas de vapor de sodio, LED pc-
ámbar o LED filtrado). 

• Eliminar as intensas fontes de luz LED 
dos parques de cultivo de moluscos 
de Carril, que afectan gravemente á 
contorna mariña e liña de costa da 
illa de Cortegada. 

• Recoñecer expresamente no 
documento do Plan Reitor de Uso e 
Xestión (PRUX) do PNMTIAG o valor 
crucial da noite e da súa escuridade 
natural, especialmente desde o 
punto de vista medioambiental, pero 
tamén paisaxístico e científico-
cultural, e a incluír explicitamente a 
contaminación luminosa como 
ameaza, mencionando a lexislación 
aplicable sobre a mesma. 

• Incluír explicitamente a 
contaminación luminosa como 
conxunto de parámetros a analizar 
nos programas de investigación, 
avaliación e seguemento da situación 
medioambiental do PNMTIAG, así 
como en todas as avaliacións de 
impacto ambiental relacionadas co 
mesmo. 

• Aprobar medidas que regulen o uso 
da luz artificial nas actividades de 
calquera tipo desenvolvidas no 
ámbito territorial do PNMTIAG. Unha 
regulación que debe conter 
indicacións normativamente eficaces 
sobre niveis de iluminación, 
distribución angular das emisións, 
distribución espectral da enerxía 
radiante e limitacións horarias, entre 
outras. 

and Cíes.   

• Drastically reduce the lamp 
correlated color temperature, 
adopting those recommended for 
Parks and natural protected areas 
(CCT < 2300 K, e.g. high pressure 
sodium vapor, pc-amber or filtered 
LED). 

• Remove the intense LED light sources 
existing in the mollusk growing areas 
of Carril, that strongly impact the 
marine environment and the 
shoreline at the island of Cortegada. 

• Explicitly acknowledge the crucial role 
of the night and its natural darkness 
in the Master Plan for Use and 
Management (PRUX) of the 
PNMTIAG, from the environmental, 
landscape, scientific and cultural 
standpoints, and incude explicitly 
light pollution as a threat, quoting 
the applicable regulations. 

• Explicitly include light pollution as an 
environmental parameter set to be 
analyzed in current research and 
environmental monitoring programs 
of the PNMTIAG, as well as in all 
environmental impact assessment 
studies related to it. 

• Pass legal rules regulating the use of 
artificial light in any kind of activities 
developed in the PNMTIAG territory. 
These regulations shall include 
effective legal prescriptions on 
lighting levels, angular distribution of 
emissions, spectral distribution of the 
radiant energy, and appropriate 
curfew times, among others. 

• Develop actions for raising 
awareness, improving training, and 
providing support to the 
neighbouring municipalities, in order 
to reduce the negative impacts of the 
intense luminous emissions of the 
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• Desenvolver accións de 
sensibilización, formación, e apoio 
técnico aos concellos limítrofes para 
evitar a afectación do ámbito 
territorial do PNMTIAG polas 
intensas emisións luminosas da zona 
costeira continental. 

• Desenvolver accións de corrección, 
remediación e mellora, para 
recuperar na medida do posible a 
escuridade natural da noite no 
ámbito territorial do PNMTIAG, que, 
partindo en anos anteriores de niveis 
razoablemente bos, comeza a 
amosar preocupantes signos de 
degradación. 

continental shoreline on the 
PNMTIAG territory. 

• Develop actions intended to correct, 
remediate, and improve as much as 
possible the natural night darkness of 
the PNMTIAG territory that, starting 
in previous years from sensibly 
acceptable levels, is beginning to 
show worrying signs of deterioration.   
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