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2 About Sopotnia Wielka

2.1 Geography

Sopotnia Wielka is one of the nine villages in Jele±nia commune, located in the southern part of
Silesian Voivodeship, approximately35 km away from the nearest city and about100 kmfrom
the Katowice metropolitan area. Sopotnia Wielka is localized in a valley of the same-named
stream, in the area of ›ywiec Beskids (Pilsko massif). The whole village is part of the ›ywiec
Landscape Park (the oldest Polish Landscape Park, measuring358 km2, plus 186 km2 of park
bu�er zone). The southern parts of Sopotnia are close to the Polish-Slovak border. Sopotnia
is surrounded by many mountain peaks, such as: from the west � Kotarnica (1156 m MSL),
Romanka (1366 m MSL), Rysianka (1322 m MSL), from the south � Palenica (1338 m MSL),
Pilsko (1557 m MSL) and Buczynka (1205 m MSL), Šabysówka (904 m MSL), and Krzy»owa �
�Krzy»owski Gro«� (723 m MSL) from the east. A unique feature of this placement is that the
mountain peaks resemble a crown surrounding the village from almost all directions but north,
where the main access road is.

Figure 1: Localization of Sopotnia Wielka on the map of Europe
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Figure 2: Location of Sopotnia Wielka against the map of the Silesian Voivodeship
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Figure 3: The borders of the Jele±nia commune
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Figure 4: Administrative borders inside of the Jele±nia commune, including Sopotnia Wielka

This area is dominated by a highland subclimate. It is an excellent region for practicing
winter sports because of a long-lasting snow cover. Its great valor is clean, fresh mountain air
coming straight from Pilsko massif (mostly south-western wind).

Sopotnia Wielka is situated aside the main communication arteries of the Jele±nia commune.
This placement greatly determines village's development and the role that it plays in tourism.
Two asphalt roads lead to Sopotnia Wielka � one, from Jele±nia, going through Sopotnia Maªa,
and the second, mainly a scenic route, from Krzy»owa through �Krzy»owski Gro«�. The main
road leading through Sopotnia Wielka does not have a connection with roads leading to Slovakia.
It is a dead-end road ending at the foot of Pilsko massif. Nevertheless, this road, as well as
its side streets, are vital components of the village. Because Sopotnia Wielka does not have a
market square, a park, or a boardwalk, these streets play a crucial role as transit takes place
along them, and this is also where the �soul� of the village is.
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Figure 5: Topographic map of Sopotnia Wielka area

The buildings are mostly single-family houses, holiday cottages, and a few guest houses
located along the main road which forms a small loop at the beginning and stretches all the
way to the steep mountain slopes overgrown with coniferous forest. �The center� is located near
the most important symbol of this village � a natural, 12 m high waterfall. It is considered a
natural monument, which is a showcase not only of Sopotnia Wielka itself but also of the entire
Jele±nia commune.
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Figure 6: Sopotnia Wielka

The area of Sopotnia Wielka is3238 ha. Agricultural land takes up 731 ha(22:6 %), 2452 ha
(75:7 %) is forestland, and other lands take up55 ha (1:7 %). The table below presents the
distribution of land use in more detail, which shows the low percentage of the area that is
inhabited and therefore illuminated.

Land use/type of soil Area [ha] Area [%]

Housing areas 21:05 0:65

Industrial areas 1:15 0:04

Other built-up areas 3:22 0:10

Developed agricultural land 21:90 0:65

Communication areas - roads 29:81 0:92

Forests and woodland 2456:75 75:88

A�orested areas on agricultural land 235:39 7:27

Permanent meadows 46:08 1:42

Wastelands 5:31 0:16

Pastures 132:35 4:09

Farm lands 268:25 8:29

Running inland waters 16:25 0:50

TOTAL 3237.51 100.00

Table 1: Types of land in Sopotnia Wielka
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2.2 Historical background

It is a typical woodcutters' village founded by Wallachian settlers and is associated with logging
and slash-and-burn agriculture. The �rst mentions of it appeared with the person of the Polish
king Jan Kazimierz (1609�1672), who, according to legends, drew excellent water from this area
on his way to Vienna. The seal of Sopotnia Wielka from 1850 shows a silhouette of a lion or a
lynx, latter being numerous in this area at that time. The waterfall on the Sopotnia Wielka
stream has also been known for a long time. It ful�lled various functions, for example driving
a waterwheel in a nearby sawmill (the present place of the guesthouse �Nad wodospadem�).
However, most of the preserved historical records refer to forest management, agriculture, and
land ownership during the reign of the Habsburg monarchy. The main road in Sopotnia Wielka is
also very important, it is shown in numerous photographs, postcards, and historical descriptions
(especially the �Gajka� section). It has been and still is the most important route to the highest
peak in the region � Pilsko.

2.3 Population and economy

The area of3238 hais inhabited by 1685people. The age tendency indicates the aging of the
rural community:

Age ranges (from 6 yr) Number of inhabitants

Children 6�14 years old 96

Youth 15�18 years old 179

Men 20�65 years old 552

Women 20�60 years old 468

The elderly 310

Table 2: Age distribution of the inhabitants of Sopotnia Wielka as of 31st October 2019

About 100 children attend the local primary school, usually in classes of 9 to 25 students.
There are 50 children aged 2.5 to 6 attending the kindergarten. These are not all the children of
this age, because the kindergarten cannot accommodate every child. The predominant branch
of economy in the village is related to forests: logging, tree processing, etc. The noise of
chainsaws and saw blades is a constant element of the environment during working hours of
sawmills. Due to the fragmentation of farms, poor soil quality, and lack of young people willing
to work, agriculture is a fading occupation. Fields are used as meadows, pastures, and for home
growing vegetables, mainly potatoes. The industry in the village is restricted by top-down
regulations adopted by the Jele±nia commune, which introduced legal prohibitions in favor of
tourist attractions. The only industrial establishment located in the village is a water bottling
plant. Regarding tourism, there are mainly guesthouses � 8 facilities classi�ed as agrotourism,
able to accommodate from 4 to 21 people, have been submitted to the commune database. In
the village single rooms and cottages for rent can also be found, but they are not reported to
the municipal records. Not included in the records is also the Summer Camp and Recreation
Center �Kordon�, with 35 beds, tightly surrounded by forest.

2.4 Future opportunities

Currently, there is an aging population in the village. Many young people move to work in
the city or abroad. People who remain are the ones who have managed to �nd jobs in the
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community or people living in cities who migrate to rural areas looking for peace and space.

There are no prospects for the development of other branches of the economy apart from
tourism, including active tourism, which is the top priority of the Jele±nia commune o�ce since
2018, marking the entire commune, including Sopotnia Wielka, with bicycle and ski-tour routes.
These actions, however, will neither create new jobs nor keep the residents in the village.

2.5 Tourism and its development in the Sopotnia Wielka area

The location of Sopotnia Wielka makes it a perfect destination for residents from neighboring
areas to enjoy day-long, weekend, and longer trips.

Typical attractions for visitors in Sopotnia Wielka are numerous hiking trails, which cross
here, wonderful landscapes, viewpoints, unique nature of the old Carpathian Forest, natural
values such as clean air and water, and the aforementioned waterfall or a poorly known Wickowa
Cave (101 m� the longest cave in the ›ywiec Landscape Park).
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Figure 7: A waterfall in Sopotnia Wielka

Newer forms of active tourism in this area are more and more often organized trips and
horse riding competitions (thanks to the stud built here by a private investor a few years ago),
ski-touring and cycling routes, and unprecedented astrotourism based on the protection of the
dark sky for astronomical observations. Since 1996, the latter �eld has become famous due to
the activity of the former astronomical club, and now the POLARIS-OPP Association, which
initiated not only night observation expeditions to nearby �elds and meadows, but also built a
small educational and recreational infrastructure based on astronomy and related sciences. The
most interesting ones are:
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ˆ 1:1 scale imitation of the interior of the Destiny Laboratory module of the ISS, visited in
person and approved in 2008 by the American astronaut G. Zamka,

ˆ an illuminated model-planetarium of Sopotnia Wielka for the year 2050 in H0 scale

ˆ Mobile Observatory based on the iconic Polish car Tarpan 237D

ˆ an astronomical observatory with a 14-inch Schmidt-Cassegrain telescope

ˆ ASTROMETEO station, which combines elements of a professional meteorological station
and one that studies night sky phenomena, including a bolide station

Figure 8: Illuminated mockup �Sopotnia Wielka 2050� in H0 scale

A unique advantage for both scienti�c research and tourism in Sopotnia Wielka is the
e�ective protection of the darkness of the night sky, implemented since 1997. This seemingly
trivial subject brings many bene�ts not only in the �eld of practical astronomy, but also in the
material, social, economic, and natural spheres. Thanks to the modernization of street lighting
in 2011, it is possible to admire the beautiful views of a dark sky full of stars with a perfectly
visible Milky Way and other astronomical objects. The community budget saves about 9 000
PLN a year (calculated by POLARIS-OPP Association and Jele±nia Commune O�ce), while
the residents can rest from the tiresome light of high-pressure sodium lamps, which used to hit
the windows, because of the incorrectly shaped lamp housings.

It is, therefore, the �rst locality in Poland where for the purpose of development of astro-
tourism and other areas all public lighting was modernized. Every year, Dark Sky Festivals,
events called Picnics with Astronomy, or open night-sky and astronomical phenomena observa-
tions are organized. In 2014, the construction of an astronomical observatory with a 3-meter
dome was initiated at a local school in Sopotnia Wielka. In 2017, the observatory's facility was
expanded with an all-purpose hall, providing the possibility to project a telescopic image on the
large screen of the multimedia projector.
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3 POLARIS-OPP

3.1 About the Association

POLARIS-OPP Association is a non-governmental organization with the status of a public
bene�t organization (OPP) operating since 1994 in the �eld of selected elements of social assis-
tance and science. The main statutory objective is to activate society (with particular emphasis
on people with fewer opportunities) through the popularization of astronomy and related sciences.

For 20 years the overriding goal of the organization has always been oriented towards people
and their passion. Coming from their passion for astronomy, the members of the association
implement newer and newer projects, programs, and activities aimed at increasing knowledge
and awareness of the universe around us. In implementing these ideas, they often use innovative
tools and methods, which distinguishes POLARIS-OPP from other organizations of this type in
Poland.

On the basis of this message, the association also builds other aspects of its activity. They
were the �rst in Poland to:

ˆ successfully implement the dark-sky protection program,

ˆ establish the National Action �1% for astronomy� (opportunity to donate 1% of the
personal income tax),

ˆ test a model of an unusual recreational and training o�er as a part of astrotourism,

ˆ launch a new range of non-commercial services called Astroevents or Picnics with Astron-
omy.

Figure 9: Logotype of POLARIS-OPP Association

POLARIS-OPP Association is above all an organization of enthusiasts bringing together people
with similar interests associated with dark-sky:

�We are able to enjoy what is often invisible to others. We com-
bine business with pleasure, taking satisfaction from astronomical
observations and passing this passion on.�
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3.2 Dark-Sky Program implemented by POLARIS-OPP

The Dark-Sky Poland Program has been functioning since 2004 within the structure of the
POLARIS-OPP Association, which was a partner organization of the IDA. One of its tasks is to
create a dark sky sanctuary in the ›ywiec region and to promote it based on astrotourism. Other
goals are clearly de�ned in several points, also in line with the activities of the International
Dark-Sky Association:

ˆ identify the appropriate lantern design available on the Polish market for street lighting,

ˆ records of places where systematic night-sky observations are carried out

ˆ making agreements with local authorities regarding the temporary switching o� street
lighting,

ˆ replacement of traditional lanterns with adequate street lighting in places where for
example, systematic astronomical observations are carried out with the participation of
large groups of interested parties,

ˆ fundraising for the purchase and replacement of lighting in designated areas,

ˆ development of informational lea�ets and organization of conferences,

ˆ announcing annual grant competitions for innovative solutions to help protect the dark
sky in Poland,

ˆ searching for institutional partners for the Dark-Sky Program both in Poland and abroad,

ˆ promotion of the program in the media.

Figure 10: Logotype of the Dark-Sky Poland Program

From the nationwide �1% for astronomy� campaign (www.astroprocent.pl ), which aims to
obtain 1% tax deductions for activities related to the popularization of astronomy in Poland,
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the Association decided to �nance several information campaigns such as Globe at Night or the
Polish WGW group. The last one visits various schools in the country and makes young people
aware of the problem of polluting the night sky with arti�cial light. Posters and lea�ets were
also published in small print runs.

In 2005 POLARIS-OPP organized the �rst Congress of Astronomical Organizations in the
Silesian Planetarium, being the discussion forum of Polish and Slovak astronomical associations
searching the new issues of the e�cient dark sky protection. The result of this meeting was the
development of a common position on this issue and eventually, two years later, an o�cial letter
has been addressed to the Polish authorities, drawing attention to this problem. Unfortunately,
both the congress activities and the public appeal met with minor interest. Therefore, the
Dark-Sky program focused on speci�c problems in the localities where e�orts to preserve the
natural qualities of the night sky were made. The o�cial website of the program was also
launched atwww.ciemneniebo.pl.

Currently, the program focuses on e�orts to establish a dark sky preservation in Poland in
several communes in the ›ywiec Beskids area. Local authorities and the Local Action Group
�›ywiecki Raj� based in Šodygowice try to include the Dark Sky program in its activities
�nanced from the European Union funds (Leader+, LEADER).

POLARIS-OPP Association has been operating since 1994, focusing mainly on the popular-
ization of astronomy and related sciences among young people. Main statuatory activities and
the Dark-Sky program are directed to the young people. Through workshops, trainings, night
sky shows using the Mobile Observatory, or the construction of models and mock-ups presenting
the problem of light pollution, they make the younger generation aware that it is worth to
make e�orts to preserve the view of the Milky Way and the night sky full of stars for those
who will come after us. More information about the program, its activities, and possibilities of
cooperation can be obtained through the Association's mail address: polaris@op.pl and on the
website: www.ciemneniebo.pl
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4 Actions taken to protect the dark sky in Sopotnia Wielka

4.1 The 1990's

The �rst actions related to the protection of areas where astronomical observations were most
often carried out in Sopotnia Wielka were undertaken back in the '90s. Negotiations of the
Polaris Astronomical Club with the local government resulted in maintaining a better quality of
the dark sky, thanks to turning o� the lighting late at night (00:00 to 04:00). An agreement
was concluded with the Jele±nia Commune O�ce and with the consent of the village council of
Sopotnia Wielka on temporary switch-o� street lighting (a total of 42 lamp housing) in the area
where the astronomical observations are conducted.

4.2 The �rst decade of the XXI century

After 2001, a local information campaign demonstrating the positive economic and social e�ects
of dark sky protection was carried out with participation of young people and local government.
This resulted in a change in the agreement to deactivate part of the street lighting for year-round
operation from 2002 from 00:00 to 04:00. However, this was an ad hoc solution based solely on
�xed settings of astronomical clocks and only the concluded cross-sector agreements of 2009
and 2011 gave real e�ects in reducing arti�cial light pollution. With the following years, the
infrastructure of street lighting developed and residents reported new places in which they would
like to have new lighting points. Unfortunately, more and more often these were mercury lamps,
emitting blue light, making observations even more di�cult than previous sodium lamps. The
search for external sources of �nancing has begun, which would allow reaching a compromise
in the area of night-time village lighting. Residents have reported dissatisfaction with the
shutdown of the lighting on large section of the streets, which do not have a sidewalk and the
roadside is very narrow, often turning into a steep ditch. The conducted research of the Polish
lighting market gave the members of the association an idea to apply for the funds from e.g
the European Union. In 2005 the organization launched the websiteciemneniebo.pl where
the materials related to the night sky protection are collected. The good practices in this �eld
as well as the places where the night sky is already protected, at the global and Polish level,
are indicated there. POLARIS-OPP have developed their own graphics, drawings, and aids
so that the portal users receive high-quality materials. The website is free of charge, and the
translations of foreign articles, papers, etc. are done by volunteers.
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Figure 11: Screenshot of the home page ofciemneniebo.pl

Over the years of running the portal, they have managed to create a rich knowledge base,
which has repeatedly been useful to students describing the problem of sky pollution with
arti�cial light in their bachelor's, master's, or diploma theses. Polish media (press, radio,
television) also refer to this website as a source of information.
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Figure 12: Sample screenshots from internet publications about the protection of the dark sky
that used our resources (ciemneniebo.pl , interviews, etc.)

By November 2019, there have been published more than 330 articles, the most popular of
which are: Arti�cial light maps 64 900 pageviews,The concept of arti�cial light pollution and its
range 30 933 pageviews,Why should we sleep in total darkness25 319 pageviews. The website
has an international range, but members are most pleased that among the entries, there are
many coming from the ›ywiec region, which allows them to state, that the inhabitants notice
the problem of arti�cial light pollution of the sky, they want to learn about it, and perhaps take
appropriate measures.

4.3 The second decade of the XXI century

Educational campaigns and meetings were conducted regularly to help people to understand
the problem of arti�cial light pollution. These activities were particularly intensi�ed during the
summer holiday season, as it allowed to activate local youth as much as possible and reached
tourists visiting the town.

The e�orts of the Dark-Sky Poland activists were successful in replacing all 150 sodium
street luminaires with Boyen 6 luminaires, which were properly constructed and positioned in
relation to the horizon line. The change was signi�cant, not only thanks to the selection of the
proper luminaire, but also the mounting, color and light power. As many as 108 of70 W sodium
luminaires and 42 of120 W mercury luminaires were replaced by 150 of50 W sodium lamps.
The disassembly and installation of the new lighting was carried out at the end of August 2011.

21



Figure 13: Replacement of streetlights in Sopotnia Wielka
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Figure 14: Sopotnia Wielka: Positioning of the correct luminaires (left) replacing the previous
incorrect (right)
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Figure 15: Quality of the night sky before (A & C) and after (B & D) the replacement of
luminaires

From 13th to 15th September 2012 POLARIS-OPP Association and the Astronomical
Institute of the University of Wroclaw organized the 12th European Dark Sky Protection
Symposium in Bielsko-Biaªa under the auspices of the International Dark-Sky Association.
The topic of the symposium was related to the various issues of light pollution � its causes,
negative e�ects and prevention methods. The event brought together activists from organizations
which �ght against light pollution, scientists, government o�cials, and the lighting industry
representatives. Almost 40 di�erent organizations, companies, institutes and other entities
sent their representatives to the Symposium, which resulted in almost a hundred participants
registered for the whole duration of the event.
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Figure 16: Poster of the 12th Dark Sky Symposium

The Dark-Sky Poland Program and its co-hosts had the pleasure of hosting not only the
participants from Poland and Europe, but also the activists from the USA, Japan and Saudi
Arabia. The second evening of the symposium was devoted to a short study trip to Sopotnia
Wielka, where a large group of participants could see the modernized street lighting under the
dark sky area CN-001, realised in 2011 as part of the RDP (Rural Development Programme)
project. To the surprise of many people, despite almost 170 street lamps lit, the glow over the
village was barely visible, and it is worth noting that this evening the weather was not good,
and the clouds concentrated more arti�cial light pollution. Foreign visitors showed great interest
in the project, because most of them had no idea that a dark-sky protection area with a bu�er
zone had already been created in the middle of Europe.

In 2013 the Association undertook an e�ective intervention in the installation of new lighting
for the parking lot at the church and cemetery in Sopotnia Wielka. POLARIS-OPP managed
to block the installation of the so-called Orbs, ball-shaped lamps directed upwards, by o�ering
bell-shaped lamps with a light source placed inside the luminaire enclosed with a �at glass.
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Figure 17: Bell-shaped lamps installed in the parking lot near the church in Sopotnia Wielka

In 2014, one of the participants of the 12th symposium, Andrej Mohar from Slovenia,
visited Sopotnia Wielka again, declaring his help in improving the limitation of the large light
distribution from halogen lighting of the local church. With the help of the local Voluntary Fire
Department, the position of the lamps, and the direction of light incidence on the body of the
building were properly examined, so that after calculations, the appropriate shields limiting the
escape of light beyond the contour of the church building were designed. Unfortunately, this
task turned out to be too complicated at that time. Andrej then was just developing his idea
with shields and the proper lighting of the churches, and his visit was not a last one.
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Figure 18: Data collection for the implementation of covers for external lighting of the church
in Sopotnia Wielka

In 2014, the construction of the astronomical observatory, the �rst one in the village and in
the commune, was completed. In fact, construction works at the observatory �nished at the end
of November, but the formalities and the holiday season, which lasted in December, delayed the
date of the actual commissioning of the facility. The dome was installed on the roof of the School
Complex No. 4, located approx.50 m. from the headquarters of the POLARIS-OPP Association,
and which is also the highest building in the area. Under the3 m hemisphere, an8" Newton
system telescope was �rst located on a parallactic assembly with automatic guidance, allowing
the observatory to be used primarily for basic astrophotography. In 2018 the telescope was
replaced with a new14" Schmidt-Cassegrain system. The optical tube with the Fastar system
was mounted on the EQ8 mount with the Go-To system and the possibility of presenting live
images on-line. Lighting was also installed in the entire observatory complex in accordance with
the principles of dark sky protection, and during the long weekend in January the coordinators
and young people did the �rst decoration and adaptation works such as installing a model of
the solar system and the nearest stars under the ceiling of the multifunctional hall. It was
also the moment when the Association began intensive search to eliminate the bothersome
external lighting of the church. Attempts to talk with the facility administrator did not bring
the expected results. The solution turned out to be a wireless control system for individual
luminaires connected to the community's electric network. Thanks to that,80 % of church
illumination could be remotely turned o�, which was a satisfactory solution for the users of the
observatory.
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Figure 19: Observatory dome with old8" telescope inside

In 2015 the association conducted numerous lectures and shows on the protection of the
night sky in the vicinity of Kutno (located in the center of the country) for thousands of listeners.
In that year, members of the organization co-authored a scienti�c publication, which was used
to educate people both in and outside of the Jele±nia commune. The slogan below says �Start
dimming�, in Polish however this is a wordplay, as �±ciemnia¢� can mean both to dim and to
prevaricate.

Figure 20: Cover of a publication about the protection of the dark sky

In 2015 members of the association were able to summarize their over 10-year e�ort to
preserve the dark sky in Sopotnia Wielka during the 3rd National Light Pollution Conference in
Krakow. The conference program included a study visit to Sopotnia Wielka, allowing to show
the e�ects of their activities as well as the methods and forms of education used there.
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Figure 21: Conference participants during a study visit to the POLARIS-OPP Association

In 2016�2017, the attempts were made to in�uence the provisions of the law at the national
level, in order to ensure that not only Sopotnia Wielka but also other astronomical institutions
operating in Poland be able to reduce the arti�cial light in the vicinity of astronomical observa-
tories. There was an opportunity for this because certain lighting standards were amended, and
the POLARIS-OPP Association submitted its comments and proposals to amend the provisions
of selected regulations. These e�orts have been supported by many astronomical organizations,
both professional and amateur. The proposals did not take e�ect as they were blocked by the
lighting lobby.

4.3.1 Remote measurements and observations

The POLARIS-OPP Association also performs remote observations and other activities. In
�astrometeo� garden, are located weather and air quality sensors and experimental environmental
chamber with additional all-sky camera. Figure 23 is a screenshot of webpagewww.polari
s.home.pl/pomiary where data from environmental sensors and experimental environmental
chamber are available.
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Figure 22: �Astrometeo� garden with environmental sensors and experimental environmental
chamber
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Figure 23: Screenshots of webpage for data visualization from environmental sensors and
experimental environmental chamber

Dome with 14" telescope, is prepared for remote observations. During online telescope
session, participants can make photos of observed objects. All sessions are under supervision of
trained operators from Association. Figure 25 presents �rst results from online session.

Figure 24: New14" Schmidt-Cassegrain Celestron telescope in POLARIS-OPP observatory
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Figure 25: Photos of deep-sky Messier Catalogue objects from14" telescope captured during
�rst online session

4.3.2 Activity of POLARIS-OPP between 2001 and 2018:

ˆ Constantly presenting various astronomical phenomena, such as lunar eclipses, interesting
occultations, and conjunctions, etc. Whenever possible, the observations were preceded by
lectures delivered by invited professionals who described the phenomenon, and explained
why it is worth observing and why it is unique. We used local media to promote these
shows, both traditional (Radio Bielsko, a local supplement to Gazeta Wyborcza, Dziennik
Zachodni, etc.) and internet sites (news portals, Jele±nia commune o�ce website, Facebook,
etc.). Sometimes the participants even did not �t into the lecture room, and long queues
of people lined up at the telescopes.
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Figure 26: Observations of the lunar eclipse in 2018

ˆ Carrying out several educational, popularizing, awareness-raising, etc. projects in village
focusing mainly on tourist tra�c (families with children, adults, school trips etc.), education
and visits in places of residence. The main tools used in these activities were the mockup
of �Sopotnia Wielka 2050�, the WOCN (eng. virtual observatory of the night sky) tent,
the Dark Sky tent, the Tarpan car with its technical facilities, as well as sky observations,
�lms, presentations, and lectures. Listeners received lea�ets, brochures, and information
cards issued and printed by the POLARIS-OPP Association and obtained from other
sources.

33



Figure 27: Dark Sky Tent - Demonstration of electricity consumption (converted into the amount
of coal needed per year) by di�erent light sources

ˆ Research activities in 2017 allowed the local youth to conduct independent research on the
state of the environment in Sopotnia Wielka, taking into account all forms of environmental
pollution. At the end of the study, a letter signed by the Chairman of the Board of the
POLARIS-OPP Association, the head of the local school, and the village mayor, was
addressed to the inhabitants of the village. Local authorities encouraged them to read
the results of the research and observations conducted by young people and called for
the protection of the environment and the dark sky. Letters were delivered to every
household.
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Figure 28: Young people packing appeals to envelopes and dividing them into several distribution
regions

Figure 29: Information lea�et addressed to the inhabitants of Sopotnia Wielka, about environ-
mental protection including the dark sky preservation

One of the best e�ects of these actions is the abandonment of the illuminated advertising
sign by the local bakery, commissioning of the design, and implementation of external
lighting in front of the bakery and the shop. Although the light is very bright, it is now
directed downwards, allowing customers to safely move around a small parking lot and
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the light is always turned o� after closing the store, i.e. at 20:00. In summer, when it is
bright outside for a long time, the lamps are not turned on at all.

Figure 30: Bakery's outside lighting

The second research and popularization activity worth mentioning is a project referring
to the history and culture of the ›ywiec region. Children and young people with the
help of ethnologists, historians, and employees of the Museum in ›ywiec, searched for
traces of their culture that refers to the night sky. They have searched legends, customs,
architecture, music, chants, poetry, art (both ancient ornaments, and contemporary forms
of expression). A dozen or so lectures and workshops were given, the e�ects of which were
presented to residents and tourists during the holidays in a specially prepared thematic
tent. During only 3 months of the exhibition, it was visited by over 300 people. All of
them could see how much our culture is related to the daytime and night skies, how the
lack of the dark-sky takes away a part of our identity and history.
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Figure 31: Section of the exhibition on night-sky in the culture of the ›ywiec highlanders

ˆ In March 2018 the organization hosted an international group of young people who wanted
to learn about e�ective ways to �ght light pollution used in the Dark-Sky protection area
in Sopotnia Wielka. During two-day intensive workshops, young people have been provided
with a huge dose of knowledge and experience in the form of lectures and workshops.

Figure 32: An international youth group learning about the methods of protecting the Dark
Sky in Sopotnia Wielka
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The year 2019 gave the opportunities not only to increase activities in the �eld of education
and to promote the subject on a national scale, but also brought real activities in the
�eld of replacing incorrect lighting on private properties. Just in Sopotnia Wielka, over 30
households applied for lighting replacement, in which almost 70 light points were replaced
(until 5th November 2019).

Figure 33: Replacement of private outdoor lighting with correctly positioned lamps emitting
warm light, equipped with a motion sensor
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Figure 34: Models of the proper luminaires used in private lighting modernization

Additionally, among the projects, one can mention a series of lectures related to the
night sky, always ending with observations in the observatory dome. According to the
attendance list, there were about 250 participants.

39



Figure 35: A poster informing residents about the dates and topics of lectures and observations

POLARIS-OPP have prepared and helped to translate many educational materials related
to the protection of the Dark Sky, including:

� the aforementioned booklet �Zacznij ±ciemnia¢�,

� the translation of the publication of the International Astronomical Union �Light
Pollution� co-published with the PTA in 2019,

� subsidized printing of materials after the 5th Nationwide Conference on Light Pollution
from 2017.
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Figure 36: Cover of the brochure prepared by the IAU in the Polish language version
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Figure 37: Post-conference publication on arti�cial light sky pollution, co-�nanced by the Dark
Sky program

The most recent didactic activity was the implementation of one of the episodes of the
popular science program Astronarium, devoted to the arti�cial light pollution. Almost
a month after its broadcast, it was watched by nearly 35 000 viewers. It is currently
available on YouTube athttps://www.youtube.com/watch?v=zicrM7JRuME
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Figure 38: A frame from the Astronarium program, Episode 85 [https://www.youtube.com/
watch?v=zicrM7JRuME]

4.4 Cooperation with the residents of Sopotnia Wielka and replace-
ment of private lighting

Due to lack of regulations on light pollution, POLARIS-OPP Association for many years has
been propagating the idea of protection of the dark-sky. As for today, apart from replacing
street lighting, several projects aimed at replacement of household lighting were realized. The
organization advises people on the lighting policies, encourages residents to use proper lighting
on private properties, and conducts educational activities directed towards the local youth and
tourists. Development of the municipality is based mainly on tourism, but the infrastructure is
not advanced enough to harm the darkness of the night sky. The Dark-Sky program contributed
to the development of astrotourism unprecedented on the national scale, and the small village
stands out among other vacation o�ers.

4.4.1 �Dark Sky Poland� project realized in 2019

The Dark Sky Poland project aimed to raise the awareness of the local community about the
light pollution, its harmfulness and the positive e�ects of the existence of the �dark sky�, its
impact on astronomy, ecology, health and economy. A training course for regional leaders was
held by speakers of the National Conference on Light Pollution.
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Figure 39: Presentation of the regional leaders involved in the propagation of the dark sky idea
among the local residents (Dark Sky Poland Project 2019)

Regional Leaders operated in 5 regions with both high and low degree of light pollution �
›ywiec Beskids, Izdebno, Izery, Bieszczady, Dobre Miasto. Their task was to modernize the
backyard lighting in at least 3 places, advise and guide residents of the given regions on the
illumination of private properties, involve residents in the steady development of municipalities
and collective activities of the local community to build a better future in their environment.
Finally, a contest for the best illuminated and the most properly modernized household was
held, and the winner received a150=900 mmre�ecting telescope.

Natalia Krzeszowiak became a regional leader in Sopotnia Wielka. Her actions involved:
persuading the residents, mainly of Sopotnia Wielka, to replace their outdoor lighting (re-
ceived about 30 applications), increase residents' awareness about light pollution � issuing
lea�ets, proposing the luminaires replacement for ones that comply with the rules of the dark sky
protection policies, photographic documentation, attendance lists and other necessary documents.

It was possible to modernize the lighting around a dozen or so houses, outbuildings, garages
and driveways in Sopotnia Wielka, as shown in following examples:

ˆ Installation of a street lamp at the residents request, due to the large number of accidents
- cars driving into a fence on a turn (as an example of a rational lighting on public land,
which compromises between a bright street and a dark sky).
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Figure 40: Example of a correct street lamp

ˆ Replacement of a LED cold light luminaire shining upwards for a LED warm light luminaire
aimed downwards � installation by the front door, covering stairs and a driveway. Because
of the considerable distance from the nearest street lamp, such outdoor lighting is necessary
here.

1 2

3 4

Figure 41: Sequence (from 1 to 4) of replacement of incorrect luminaire to correct one

ˆ Installation of the appropriate �at LED light bulb emitting warm light, and a proper LED
�xture aimed downwards, above the front door of a guesthouse, which has become an
astrotourism-friendly place
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Figure 42: Replacement of lighting in the guesthouse

ˆ Replacement of a hanging sphere-lamp over the stairs for a correct LED �xture � as a
result, much more light shines at the stairs, providing safety.

46



Figure 43: Before and after the replacement

ˆ Sopotnia Wielka's village mayor, local authority, supported these actions. He gave a lead
to the residents by adjusting the warm light LED luminaire above the stairs, as well as by
replacing the jar-like lamp for a proper LED luminaire.

Figure 44: Replacement of lighting in village mayor's house

ˆ Removal of the jar-like lamp and installation of the LED luminaire in a di�erent spot.

47



Figure 45: Replacement of the jar-like lamp

ˆ Replacement of the cold light LED for the one with a warm light and adjusting its position
to the correct one.

Figure 46: Before and after the replacement

ˆ The other owner received an appropriate LED luminaire to mount it above the garage.

Figure 47: Before and after the replacement of a lamp above the garage

ˆ The next owner received 6 correct bulbs for sconces on the elevation, turning on only when
someone goes out on the balcony. The luminaires have been installed by the technical
team, the property has one appropriate halogen aimed downwards, which lights up the
driveway.
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Figure 48: Installation of correct light bulbs on the balcony with a motion sensor

ˆ The next owner has replaced 2 warm light LED luminaires instead of cold light LEDs.

Figure 49: Correct warm light LED luminaire with a motion sensor

ˆ Replacement of the LED luminaire and adjusting its position.
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Figure 50: Before and after the replacement

Additionally, a deal between Dark-Sky Poland Program and Instal-Eko store in Jelesnia to
promote dark-sky friendly luminaires was made. Residents can now easily �nd and buy such
luminaires there. Village mayor and councillor were convinced to the activities related to
the rational lighting policy. They �lled out reports of modernization of outdoor lamps and
encouraged residents to join the initiative.

Activities carried out in the area of ›ywiec Beskids, related to the modernization of outdoor
lighting, sparked interest among the inhabitants. Sure enough, through consultations and lea�ets,
the people's awareness on the topic of light pollution has increased. At 12th December 2019,
a presentation ceremony was held, and a telescope was given to those who were the most
involved in modernizing their outdoor lighting. Inhabitants of Sopotnia Wielka feel that they
also contribute to the protection of the dark sky, simultaneously, their properties are better
illuminated and they set an example for people from other places.

4.4.2 �Dark Sky Community� project realized in 2020-2021

The project was created by the POLARIS-OPP Association and groups of friends, who decided
to take up the topic of protecting the night. They do it by intensifying the activities serving the
local Sopotnia Wielka community, to make it be the �rst in Poland to earn the International
Dark Sky Community designation, granted by the International Dark-Sky Association. The
initiative undertaken in 2011 is currently insu�cient because of the ever-greater expansion of
arti�cial light, as well as the ignorance of outsiders who come to the area, lighting up and
building their houses with incorrect lighting, harming the natural night environment of ›ywiec
Landscape Park and a designated Natura 2000 area. The concept that was initiated a few years
ago in this area, is an exceptional example of how to create a sense of social solidarity around a
topic that for others may appear completely abstract. But, in this area it has proved to be a
great idea for the development of the whole village.

The project's aim is to raise people's awareness on the issue of light pollution, which is one
of many grave dangers related to the advancement of civilization. In Sopotnia Wielka, initiative
group and invited experts organized lectures about the e�ect of light pollution on di�erent
domains, and light pollution-measuring workshops. Night sky observations were also conducted,
in order to popularize sciences, especially astronomy. In the Jele±nia municipality and Sopotnia
Wielka village, outdoor lighting is being replaced. This allows for a greater involvement of the
residents in creation of the dark sky community.

The most important projects carried out are following:

ˆ Record of incorrect arti�cial light sources, which may prevent Sopotnia Wielka from
getting the International Dark Sky Community designation.
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Figure 51: Incorrect luminaires in the house

ˆ A contest for children and youth was organized, in which they were supposed to create
mockups with the usage of upcycling, showing the methods of night sky protection.

Figure 52: Poster inviting children for the mockup contest
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Figure 53: Examples of mockups

ˆ The next edition of the annual Dark-Sky Festival was held � lectures on light pollution,
including one presented by professor Krystyna Skwarªo-So«ta from the University of
Warsaw about the impact of darkness on our health, and outdoor telescopic observations
of Perseids were organised.

Figure 54: VIII Dark-Sky Festival in Sopotnia Wielka

ˆ Foreign experts, including those from Slovenia, were contacted about the modernization
of the local church's lighting.
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Figure 55: Andrej Mohar's visit to Sopotnia Wielka

ˆ Inhabitants of the village were issued a letter which appealed for a registration to replace
the outdoor lights, and then, they were given proper lamps.

Figure 56: Activists from the initiative group visiting a residence in a village

ˆ New measurements of the night sky brightness were taken and compared to the results
obtained in previous years.

Figure 57: Photos from measurements

ˆ Work on the commissioning of a permanent light pollution monitoring system (ALPS)
with radiation analysis has been completed � more information can be found in the chapter
with dark-sky measurements.

4.4.3 Replacement of lighting around the church in Sopotnia Wielka

During the implementation of the �Dark Sky Community� project funded by the European
Solidarity Corps � a replacement of the illumination of the facade of the church in Sopotnia
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Wielka ensued. Volunteers from the project's initiative group, representatives of the supporting
organization � POLARIS-OPP Association, residents, a parish priest and a technical team from
the Tauron energy company took part in the activities. This replacement has been designed by
Mr Andrej Mohar from Dark Sky Slovenia � expert and designer of correct architectural lighting,
awarded in 2019 by the International Dark-Sky Association for his contribution to the protection
of dark skies in Europe. He is the author of innovative systems of illumination of churches with
shades preventing unnecessary light emissions with the use of dedicated masks/visors.

On 13th November 2020, another important step in the reduction of arti�cial light pollution
in Sopotnia Wielka was completed - the replacement of incorrect luminaires around the church,
for ones that signi�cantly reduce the spread of light in undesirable directions, also contributing
to the better exposure of the church's body and improving the protection of the dark sky at the
same time.

Architectural lighting � its illumination, is a distinction of an important architectural ob-
ject by night, with the help of arti�cial light. It also aims to improve the aesthetics of the
object. Today, thanks to computer technology, it is possible to successfully design appropriate
illumination. Architectural illumination is present even in rural areas where illumination of
e.g. a church � generates the greatest light pollution. Lamps should emit light only downwards.
However, if the light is being emitted upwards, a mask with the cutout of the contours of the
illuminated building should be used. A power reducer or a time switch, to reduce the amount
of light generated after for example midnight can also be used. This solution is used in the
municipality of Jele±nia through a council resolution.

Preparations for the replacement of the church's lighting took a very long time. The �rst
task was to perform on-site research by an expert on luminaires � Andrej Mohar from Dark Sky
Slovenia. In August 2020, during the visit to Sopotnia Wielka, appropriate measurements and
photographs around the church were taken. This data was used to develop suitable luminaires �
with the right power, angle of incidence/illumination and light color. The measurements had
to be precise - because each lamp was �tted with masks with the cut-out shape/contour of
the church. It is thanks to these masks and selected lamp lenses that the light is directed
only to the facade of the church and, slightly dimmed, to the pavement below it. Unlike
previous luminaires, the light no longer unnecessarily escapes up into the sky and into the nearby
forests behind the church, which is also equivalent to large savings and has a positive impact
on the ecology. The light also does not disturb the neighbouring residents, who could see a
large glow of cold light in their windows, which could a�ect their well-being and even their health.

In the second stage, the luminaires were designed by a Slovenian company, followed by a joint
analysis and discussions to match the appropriate solutions. After the project was approved by
the local parish priest and the �Dark Sky Community� project initiative group, the production
of lamps and masks for them has started. After this preparatory period, a time for the �nal
activities � installation of lighting � has come. For this purpose, Andrej Mohar from Dark Sky
Slovenia came to Poland again, but this time with the dedicated LED luminaires.

The replaced illumination in Sopotnia consists of innovative LED luminaires with a color
temperature of2000 K (so-called Amber LEDs), which illuminate the facade of the church in
the evening after sunset, with warm and pleasing to the eye light, and during prayer, when the
church is illuminated from the inside, allows to see the beautiful stained glass windows from the
street.
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Modernized lighting is a breakthrough solution used in Sopotnia Wielka and complements
the long-term e�orts to protect the night dark sky and the development of nationwide so-called
astrotourism. Previously, in 2011, there was a modernization of the entire street lighting, after
that the construction of the dome of the Astronomical Observatory at the local school, and then
the owners of many households volunteered for a free modernization of the outdoor lighting in
the framework of the �Dark Sky Poland� and the current �Dark Sky Community� project.

The e�ects of changing the lighting around the church certainly include the absence of a
glow around it, better conditions for the existence of ecosystems of nocturnal animals, a darker
night sky and excellent conditions for astronomical observations. This also incorporates savings,
because the previous lighting consumed nearly300 W, emitting scattered light in all directions.
Now it will be just under 100 W of directional lighting using special lenses.

Until now, the lighting of the church in agreement with the parish priest was turned o�
remotely during the observations at the astronomical observatory in Sopotnia Wielka. Now,
after the modernization, the lighting can remain on all night without a�ecting the quality of
research or popularization.

Similar solutions can already be found around churches in other towns in Poland, such as
Gruszów or Šososina Górna. But only in Sopotnia Wielka we have street lighting adapted for
this purpose, assuring the basic principle of ULOR=0% and �warm light� � so important to
be astronomy-friendly, important for the natural environment, but perhaps above all, for our
health. Particularly, we invite visitors to attend an after-sunset Mass in the Church of Our
Lady of Perpetual Help in Sopotnia Wielka. Interestingly � referring to the protection of the
dark sky � when you are inside, it is worth to look up at the ceiling of the church.

Figure 58: Masks with the cut-out shape of the church
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Figure 59: Replacement of the church's illumination

Figure 60: View before the modernization of the church illumination

Figure 61: View on the church after the illumination modernization

4.5 Dark-Sky Festivals

In 2013, the POLARIS-OPP Association, as part of the Dark-Sky Poland Program, initiated the
annual Dark-Sky Festivals organized in Sopotnia Wielka, near the period of Perseids maximum.
The event was addressed primarily to enthusiasts of astronomy and related �elds, but the
Festival became an opportunity to meet everyone who likes to look at the natural sky at night �
dark sky activists, astronomers, ecologists, residents of Sopotnia Wielka and the surrounding
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area, as well as numerous tourists from all over the country.

The main ideas behind the initiated Dark Sky Festivals are:

ˆ meeting people with the same views on the problem of pollution of the night sky with
arti�cial light,

ˆ exchange of information and already gained experience,

ˆ integration of various backgrounds and individual activists,

ˆ jointly improving the e�ectiveness of counteracting the loss of natural darkness of the
night,

ˆ thematic night classes, including mainly in the �eld of astronomical observations,

ˆ workshops for beginners (especially for young people: pupils, students, etc.)

Every year, the Festival is being enriched with additional attractions, e.g. a bicycle rally
to support the activities of the Dark Sky Program, �Astroquests� (astro-inspired �eld game),
etc. The idea of night sky observations with live music, adjusted in style to the nature of the
observation, has quickly developed. In 2015. the observation site was designated on one of the
hills surrounding Sopotnia Wielka, the sounds of the trumpet streamed over the dormant village,
encouraging many undecided residents to participate in the observations, or just to look at the
night, starry sky from their balconies and gardens.

Figure 62: 3rd Dark Sky Festival in Sopotnia Wielka

Since the Festival was widely announced in the local media and it grew in popularity, the
Jele±nia Commune O�ce joined as its co-organizator, o�ering experience in organizing mass
events. During good weather, 200 people came just for the night observations.
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Figure 63: 3rd Dark Sky Festival in Sopotnia Wielka

Currently, the Festival has become a permanent part of the calendar of events in the area.
Many people, having this event in mind, reserve places in local guesthouses one year in advance,
and electronic applications for passes to enter the vicinity of the observation site exceed the
parking capacity of the designated area (50 places).
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Figure 64: Extract from a bilingual brochure of Jele±nia commune presenting attractive events
in the region
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5 Current legal situation in Poland regarding light pollu-
tion

Currently, in the Polish legislation there is a paragraph 293 art. 6th Minister of infrastructure's
regulations of 12th April 2002, presenting that �Lighting devices, including advertisements,
placed outside of a building or in its surroundings cannot cause nuisance to its users nor the
passer-by and drivers.� The amendment of 12th March 2009 (Dz. U. z 2009 nr 56 poz. 461) says
more precisely, that the lighting intensity on the elevation of a building containing windows,
cannot surpass5 lx (white light) and 3 lx (colored light or of varying intensity). The regulations
above however include only the light directed at elevations and do not concern the light directed
towards the night sky. More information on:https://ciemneniebo.pl/pl/dzialania-w-po
lsce/160-nowe-wiato-w-sprawie-wiata
However, e�orts to promote legislative change regarding the protection against light pollution
are being made by Dr. Paweª Dro»d»al, who undertook the submission of a couple of petitions
related to changes in the building laws and actions to inform Poles about loss of natural darkness.
Also, with participation of Ms. Aleksandra Gajewska � member of the Parliament of Poland,
the petitions were proposed to the Minister of Environment in order to work on introducing
environmental legislation on light pollution. More information on:https://ciemneniebo.pl/p
l/dzialania-w-polsce/336-petycje-w-sprawie-zanieczy szczenia-swiatlem-czesc-i
and https://ciemneniebo.pl/pl/dzialania-w-polsce/337-pe tycje-w-sprawie-zaniecz
yszczenia-swiatlem-czesc-ii
Actions of the POLARIS-OPP Association are supported by the Ministry of Climate. On April
24, 2020 a reply to a petition from January 27 2020 for concerning changes in the legal act
of the Environmental Law regarding the light pollution has appeared. It is available under
the link: bip.mos.gov.pl/fileadmin/user_upload/bip/skargi_wni oski_petycje/Petyc
je_2020/005_Odpowiedz_z_24_kwietnia_2020_r..pdf The quoted actions were carried out
by �local organizations in cooperation with public institutions, which result in an implement
of rational methods of lighting�. The Commune of Jele±nia was mentioned as an example,
where actions consisting of dark-sky friendly street lighting was included. It has appeared
in Commune Council's resolution Nr. XXXVIII/226/2017 of August 30 2017 regarding the
adoption of local revitalization program for the years 2016-2025. Dark sky parks were also
mentioned (e.g. Izera Dark Sky Park), as a place of protection of the environment, favorable
for astronomical observations as well as the development of tourism. In the above mentioned
petition the lack and need of a legal regulation was indicated. Due to the lack of regulations in
the Polish law regarding the light pollution resulting from the lighting of private properties, the
so-called �guard of the night sky� inside the structure of the POLARIS-OPP Association will
arise as soon as possible in agreement with the village administrator and the local councilors of
the Jele±nia Commune. They will report and intervene with the residents, who will excessively
pollute the area with arti�cial light from their own properties. In order to encourage them to
correct attitudes, competitions will be announced for the most properly lit property on the
terrain of Sopotnia Wielka (compatible with the dark sky protection), also the correct home
�xtures will be purchased by the residents. Funds for this purpose can also be obtained from
sources such as:

ˆ Nationwide Action �1% for astronomy�, www.astroprocent.pl

ˆ The Village Fund of Sopotnia Wielka,

ˆ Deliberate funds of the Jelesnia Commune O�ce,

ˆ Grants and donations received through the POLARIS-OPP Association.

60



6 Night light intensity maps, SQM measurements

6.1 Light intensity maps

In this study, photos/measurements taken by the VIRS satellite, plotted on road maps and
hybrid Bing maps were used. They are available atwww.lightpollutionmap.info

Figure 65: Light pollution map within a radius of around 35�40 km from Sopotnia Wielka (data
from the satellite for 2019)
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Figure 66: Nearest sources of arti�cial light pollution closest to Sopotnia Wielka, marked with
dashed lines

These maps show the light emission status observed by the satellite in 2019, �rst in a wider
perspective (Fig. 65), then near area of Sopotnia Wielka (Fig. 66).

In addition, factors that a�ect the distortion of map indications are the close groupings of
individual towns in the area, and the fact that the photos were taken in March, where there is
still snow in the mountain area � a factor increasing light re�ection.

Figure 67: Light pollution map from 2012, showing that Sopotnia Wielka (with the exception of
the church area) is not as highlighted as the neighboring villages
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6.2 Tests performed using the SQM-L sensor

On Sopotnia Wielka's terrain the measurements of light pollution were performed repeatedly
by the use of a certi�ed SQM-L meter. The measurements were taken by trained amateurs:
volunteers or members of the POLARIS-OPP Association. The autumn studies in 2017 and
spring of 2018, have covered three areas in the Sopotnia Wielka village: two built-up areas and
one a�orested area.

The timing of the measurement depended on the phases of the moon (the most reliable
results are obtained at the new moon phase). October was chosen because the following months,
along with the winter ones, are characterized by greater air pollution from local home furnaces.
The tests were repeated in the spring.

On October 16/17 2017, the activists of the Dark Sky Poland Program under the direction of
Natalia Krzeszowiak and Piotr Nawalkowski, as well as local youth, obtained measures between
23:00 and 02:00. Five measurements were taken at zenith and four main geographic directions at
an angle of60° above the horizon. For this purpose, a rotating sky map with marked directions
and a 60° angle within the constellations was used.

On May 22 2018, the same team repeated the measurements between 02:00 and 03:00, due to
the presence of the moon after the new moon. Measurements were made as above. Air pollution
measurements were also made this time.

Figure 68: Measurement sites in Sopotnia Wielka

Next measurements were taken on the night of 14th to 15th September 2020 in the hours
00:00�03:00. It should be noted that in this period of time street lighting is always turned o� in
the hours 00:00�04:00 in order to save electricity by the Jele±nia commune.
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Obtained results were averaged and are shown in the tables. The interpretation took into
account temperature conditions and air humidity. Parameters were read from a portable weather
station and a second pocket device.

It should be remembered the lower value measured means that the night sky is brighter, so it
is more polluted with light. The reference values are: for a naturally dark sky22:0 mag=arcsec2,
and the city sky has a value of17:0 to 19:0 mag=arcsec2 [http://www.wygasz.edu.pl/index.
php/sky-quality-meter.html ].

6.2.1 Measurement site no. 1

Figure 69: Measurement site in built-up area no. 1
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Figure 70: Measurement site with street lamps marked in built-up area no. 1

Sky brightness [ mag=arcsec2]

Direction Device Readout value Average

Zenith
1 20.87 20.86 20.88 20.85 20.88

20.89
2 20.92 20.90 20.90 20.92 20.93

South (S)
1 20.91 20.92 20.90 20.89 20.90

20.93
2 20.96 20.95 20.94 20.96 20.95

West (W)
1 20.90 20.90 20.89 20.88 20.88

20.91
2 20.95 20.92 20.90 20.92 20.92

North (N)
1 20.84 20.83 20.79 20.85 20.84

20.83
2 20.84 20.84 20.84 20.82 20.85

East (E)
1 20.75 20.77 20.75 20.73 20.81

20.78
2 20.81 20.80 20.81 20.75 20.77

Average result for the whole area of measurement [ mag=arcsec2] 20.87

Table 3: Summary of the SQM measurements for the built-up area no. 1 in Sopotnia Wielka

The highest values were measured towards the south, constituting the border of Sopotnia Wielka
with Slovakia and a�orested areas. The lowest values were characterized towards the east, where

65



Sopotnia Wielka borders with buildings in Jele±nia and Krzy»owa. The zenith measurements
and the south direction are close to the value of21 mag=arcsec2, which is the characteristic of
the sky in rural areas.

6.2.2 Measurement site no. 2

Figure 71: Measurement site in built-up area no. 2

Figure 72: Measurement site with street lamps marked in built-up area no. 2
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Sky brightness [ mag=arcsec2]

Direction Device Readout value Average

Zenith
1 20.88 20.92 20.92 20.88 20.90

20.93
2 20.94 20.96 20.96 20.99 20.96

South (S)
1 20.85 20.93 20.93 20.93 20.93

20.96
2 20.99 21.00 21.02 21.00 20.99

West (W)
1 21.00 20.93 20.95 20.91 20.92

20.95
2 20.96 20.96 20.94 20.97 20.94

North (N)
1 20.86 20.85 20.85 20.80 20.86

20.86
2 20.91 20.89 20.87 20.87 20.85

East (E)
1 20.85 20.82 20.86 20.88 20.85

20.88
2 20.90 20.91 20.91 20.90 20.89

Average result for the whole area of measurement [ mag=arcsec2] 20.92

Table 4: Summary of the SQM measurements for the built-up area no. 2 in Sopotnia Wielka

The results indicating the darkest sky were obtained similarly to the area no. 1 towards the
south, where Sopotnia Wielka borders Slovakia and a�orested areas. Area no. 2 is located
further from Kieªbasow than area no. 1, for which the forest area could limit the in�uence
of the glow. In area no. 2, as in the case of area no. 1, the results of about21 mag=arcsec2,
characteristic for the rural sky, were obtained.

6.2.3 Measurement site no. 3

Figure 73: Measurement site no. 3 a�orested area
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Figure 74: Measurement site with street lamps marked in site no. 3 a�orested area

Sky brightness [ mag=arcsec2]

Direction Device Readout value Average

Zenith
1 20.97 20.94 21.00 20.94 20.95

20.97
2 20.99 20.97 21.00 20.98 21.00

South (S)
1 20.95 21.01 21.04 21.06 21.04

21.03
2 21.02 21.01 21.05 21.04 21.04

West (W)
1 21.09 20.96 21.04 21.01 21.03

21.02
2 21.04 21.05 21.00 20.99 21.02

North (N)
1 21.01 20.94 21.01 21.02 20.99

20.98
2 20.95 20.96 20.96 20.97 20.95

East (E)
1 20.89 20.94 20.93 20.95 20.90

20.94
2 20.95 20.96 20.95 20.93 20.95

Average result for the whole area of measurement [ mag=arcsec2] 20.99

Table 5: Summary of the SQM measurements for the a�orested area no. 3 in Sopotnia Wielka

The obtained results are similar to those from area no. 1 and 2 towards the south, where
Sopotnia Wielka borders Slovakia and forested areas. In area no. 3 at the zenith, the obtained
results were about21 mag=arcsec2, characteristic for the rural sky, but they were lower (except
for the eastern direction) than the results from other directions. In the surroundings there is a
visible sky glow coming from the bottling plant located approximately200 to 300 mfrom the
place of measurement, the light source is covered by the forest.
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Place Height [m MSL] Number of street
lamps

Average value
[mag=arcsec2]

Built-up area no. 1 557 20 20.87

Built-up area no. 2 576 22 20.92

A�orested area no. 3 713 4 20.99

Table 6: Comparison of the average night-sky brightness in the selected sites at area of3238 ha
of Sopotnia Wielka (population 1685) in 2017

6.2.4 SQM measurement results from 2020

Average sky brightness [ mag=arcsec2]

Place Autumn 2017 Autumn 2020

Built-up area no. 1 20.87 21.04

Built-up area no. 2 20.92 21.14

A�orested area no. 3 20.99 21.03

Table 7: Comparison of Sopotnia Wielka average sky brightness values measured at 2017 vs
2020

Results obtained con�rm e�ciency of the e�orts leading to preserve the low brightness of the
nocturnal sky at Sopotnia Wielka. During three subsequent years, regardless of the increase in
arti�cial illumination, the measured values of the sky brightness did not change, with, however,
a tendency to decrease. It could be considered as a positive result of the common impact of
the POLARIS-OPP Association, volunteers, activists, and the local authorities, together with
inhabitants of the village area.

6.3 Plans of measurements

In the future it is planned to carry out the �eld measurements systematically � annually during
the cyclical event Festival of the Dark Sky in Sopotnia Wielka with the participation of volunteers
as well as the local youth. A new IDA member of the volunteers - Jakub Konior, who will
supervise the correctness of the measurements in the areas where they have been already done
in the previous years.

The measurements will be carried out with the SQM-L meters, during cloudless and moonless
nights in the times of 23:00-2:00 depending on the length of astronomical nights. The readings
will be carried out 5 times at the zenith (upwards) and 5 times in the four main geographical
directions with the help of a rotating sky map at an angle of60° over the horizon. To avoid the
direct sources of light, the meter will be directed towards uncovered areas of the night sky e.g.
through trees. Next, after averaging the results measurements will be analyzed from individual
directions in a given place and comparison between the measurement areas will be done. The
geographical location and the atmospheric conditions: temperature, humidity, atmospheric
pressure, dust levels and di�erent unforeseen phenomenons will be taken into consideration.
The measurements will not be carried out when snow cover is present.
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6.3.1 ALPS station in Sopotnia Wielka

The next approach to permanent monitoring of light pollution is an ALPS (All-sky Light
Pollution Survey) device installed on the school's roof in Sopotnia Wielka, near the observatory.
The contractor and the substantive guardian of the device is Dr. Sylwester Koªoma«ski, a sta�
member of the Astronomical Institute of the Wrocªaw University. Current photos from the
station are available on this website:http://alps.astro.uni.wroc.pl/ALPS/static/image
s/ALPS-SOP_latest.png

Figure 75: ALPS station installed in Sopotnia Wielka (ALPS-SOP)

ALPS are light pollution observation stations, enabling constant and automatic monitoring
(light measurement and view) of the dark sky in a given area. Obtained results allow to compare
the sky brightness in terms of meteorological conditions, monitoring the changes of the light
pollution levels, popularization of the light pollution phenomenon issue, obtaining the current
night sky view near the observatories and a possibility to plan observations.
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Figure 76: Milky Way captured by ALPS-SOP station camera
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Figure 77: Meteor captured by the ALPS-SOP station camera

The ALPS station is equipped with a photometer for sky brightness measurements (Unihedron
SQM), a camera with an180° lens for registration of the sky pictures (ZWO ASI) and a computer
as well as the environmental control system. The device measures the sky brightness with
a time step of 1 min. (only at night), the registration of the sky photos with a time step
of 5 min. or more frequently (depending on the lighting conditions throughout the whole
day) and the physical conditions inside the station (temperature, pressure, humidity). Data
from ALPS-SOP station are available atwww.alps.astro.uni.wroc.pl/alps_sop with some
attractive visualization from previous measurements.
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Figure 78: Exemplary scotogram � graph of changes in the brightness of the night sky

Registration of systematic annual measurements as reports of the sky brightness will be
archived in a paper form, while on the website of the POLARIS-OPP Associationwww.polari
s.org.pl and www.ciemneniebo.pl daily results will be published from the stationery device
and published on the website of the Astronomical Institute of Wrocªaw University.

The results will also be reported to the Jele±nia Commune O�ce and the local action group
›ywiecki Raj which supports �nancially dark-sky activities on the terrain of Sopotnia Wielka,
and the data will also be available for the residents and discussed at village sessions.

Each year, the results will be analyzed by a team of experts coming to Sopotnia Wielka for
the Dark Sky Festival from all over Poland. They will evaluate the quality of the dark sky and
analyze factors in�uencing the light pollution.

6.3.2 Additional measurement stations in POLARIS-OPP Association

One of the measurement stations used for monitoring light intensity and sky visibility is a
climate chamber installed in the ASTROMETEO garden, designed and engineered speci�cally
for POLARIS-OPP Association's needs. The climate chamber's design guarantees optimal
environmental conditions for measuring devices, which requires constant temperature and
moisture, despite the constantly changing ambient conditions. These devices include, among
others, cameras and light sensors used for weather monitoring and analysing the sky's light
pollution.They must be placed under transparent domes in order to protect their optical systems
and electronics from water and to ensure the best visibility of the monitored area. The task
to provide such conditions throughout the year seems deceptively easy. During the summer,
the main factors in�uencing the quality of the measurements and safety of the devices are
high temperature, insolation and precipitation. The climate chamber is equipped with heat
exchangers based on Peltier's modules, supported by water cooling systems. Such a solution also
allows removal of excess moisture by condensation and draining it using an electric pump. This
process is identical as in air conditioning systems. The excess moisture, especially when the
temperature drops at night, would fog up the optical systems, which could damage them.The
chamber is equipped with a ventilation system, providing air exchange both inside the chamber
and under the domes. This solution is an additional safety measure, taken in order to protect
the electronics from overheating and to prevents the accumulation of moisture inside the domes.
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The chamber is also equipped with a safe heating system, kept on standby all year round. The
biggest handicap when taking measurements in winter is mainly snowfall and icing. The heating
system was designed in such a way that it prevents the icing of the cover, on which the domes
are located. A hot air dome rinsing/venting system not only prevents moisture accumulation,
which would lead to the constant dome fog up, but it melts the snow accumulating on the
domes which makes observation possible.Control over the chamber's run is fully automatic and
realised by the control unit, located under the chamber as well as through the internet thanks
to the microcontroller. Remote monitoring of the parameters and the option to control all
subassemblies allows to optimize the algorithms controlling the device so that it uses signi�cantly
less energy, and is easier to control. The chamber, besides its primary purpose, will also be used
for cosmic ray detection with scintillation detectors.

Figure 79: Experimental environmental chamber
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7 Characteristics of current lighting in the village

As in Sopotnia Wielka there are no parks, promenades, historic buildings, etc., public lighting
can be divided into following groups:

ˆ Street lighting

ˆ Lighting of public parking lots

ˆ Lighting of religious buildings (church) and public buildings (school complex)

ˆ Lighting of shops, guest houses, etc.

7.1 Street lighting

This lighting underwent a general replacement in 2011, described in the Section 4. As many as
150 iluminaires were replaced then, and under an agreement with the Jele±nia commune, each
new lamp is of the same model � BOYEN 6 with a sodium bulb. Thanks to these activities all
public lighting in Sopotnia Wielka is in agreement with IDA standards.

Figure 80: Boyen 6 lamp with �at tempered glass and sodium bulb

Parameters of these lamps help to protect the dark sky:

ˆ �at glass and ULOR (Upward Light Output Ratio) = 0

ˆ the light source is a50 W high pressure sodium bulb, giving a very good color temperature:
below 3000 K. Indicated in the table of parameters of typical sodium lamps.
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Table 8: Parameters of typical sodium lamps

Light source CCT [K] CRI [-]

HPS Standard 1950� 2050 � 39

HPS witch increased CRI 2200 60� 65

Super HPS 2500� 2550 � 80

This is a visualization of a photometric solid for street lamps in Sopotnia Wielka, which
indicates that the light from a lamp is directed only downwards.
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Figure 81: Photometric solid of Boyen 6 luminaire
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Figure 82: Possible luminaires installation: correct one, applied in Sopotnia Wielka (top) vs
incorrect (bottom)

7.2 Lighting of public parking lots

In Sopotnia Wielka, there is only 1 public parking lot. It is located next to the church and
cemetery. Six OW-21 lamps from the Polish company ROSA, the shapes of which resemble
church bells, were installed there.
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Figure 83: OW-21 lamp, shape, interior of the luminaire and the way of opening it � �gures
from the manufacturer's catalog

Since a50 W high-pressure sodium bulb was also used as a light source, its color temperature
does not exceed3000 K. Below we also present a simpli�ed drawing of the lamp's photometric
solid.
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Figure 84: Light distribution curve for the OW-21 �tting

The lamp ful�lls its task perfectly because it is installed on low poles, it is completely
�invisible� at night, and only small �triangles� of light are visible in the night photos.

7.3 Lighting of the school

The building of the school complex is illuminated by 3 halogen lamps. One of them is installed
under the roof of the entrance to the observatory and the multifunctional hall and shines with
a warm light. The other two are installed on the outer wall of the building, and are designed
to illuminate the playground and the side entrance to the gym. They all are equipped with a
motion sensor. Two of them require adjustment of the setting, for which the POLARIS-OPP
Association has obtained consent, and the work will be completed soon.
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Figure 85: Entrance to the observatory � outside of the school
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7.4 The lighting of shops, guest houses, etc.

The lighting of commercial, service, and accommodation points is appropriate to the size of
the facility and the tra�c around it, and is mostly turned o� at night or when these facilities
are not operating. This helps to lower the electricity bills, and to improve the aesthetics of
the environment. One of the shops with the help of the POLARIS-OPP Association replaced
the halogen lamp with one emitting a warm light, directed downwards. The replacement of
private lighting with the proper one (color and setting) in 2019-2020 has been described in
earlier chapters.

Figure 86: Solutions used in private facilities in Sopotnia Wielka
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8 Planned actions for the dark-sky protection in Sopotnia
Wielka

E�orts to include the ›ywiec Landscape Park, located in the vicinity of the Pilsko massif along
with a part of the commune of Ujsoªy and W¦gierska Górka, in line with the boundaries of the
Natura 2000, into the area of CN-001 (including to date Sopotnia Wielka alone), are underway.
However, this issue will require goodwill of local authorities of three communes, forest districts
of this area, and the management of landscape parks.

Members of POLARIS are still trying to obtain funds for further development of their
knowledge, competencies, and lighting workshops. Together with the Dark Sky Association
from Slovenia, they are trying to obtain �nancial support from the International Astronomical
Union's budget.

Together with their partners, they are preparing the next-6th-edition of the National
Conference on Light Pollution, where they will present achievements and e�orts to grant
Sopotnia Wielka the title of the Dark Sky Community.
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9 Summary

This study has presented the extensive work done by the POLARIS-OPP to educate on the topic
of sky pollution, and the measures taken to improve the quality of the night sky in Sopotnia
Wielka and Jele±nia commune. This was partly done by the work performed in the village
itself through ensuring the low night sky pollution by remodelling households' illumination
and street lighting. Work done on a national and international level, included attempts to
in�uence the provisions of law, as well as holding numerous events to inform about the issue,
and encouraging people to participate in workshops. People from around Poland book rooms,
in order to participate in night sky observations. It was also possible to present the e�ects
of association's e�orts to an international audience during many lectures and study visits in
Sopotnia Wielka.

Measurements that were taken, development of night-sky friendly lighting, and the inter-
national reach are important evidence of e�ectiveness of the activities that POLARIS-OPP
undertook. This work provided a lot of new learning resources, directly impacted the fur-
ther development of already existing tourism in the area, with the focus on the new area of
astrotourism.

The work of POLARIS-OPP does not �nish, as the association is working on the projects
such as introducing the ›ywiec Landscape Park into the area of CN-001, or preparing another
National Conference on Light Pollution as well as searching for new funds for the next activities.
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10 Attachments

10.1 Cooperation agreement with local government

Cooperation agreement nr CN-001/2/N-COP (original in Polish)
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Cooperation agreement nr CN-001/2/N-COP (translated in English)
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10.2 Letters of recommendation

Member of the Polish Parliament � Maªgorzata P¦pek
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Recommendation letter from the Head of Jele±nia commune � Anna Wasilewska
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Recomendation letter from the Councilor of Jele±nia commune on behalf of Sopot-
nia Wielka commune � Marek Pierlak
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Recomendation letter from the village mayor of Sopotnia Wielka � Jan Pilarz
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Recomendation letter from the headmaster of the school complex no. 4 in Sopotnia
Wielka � Ryszard Ducin
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Recomendation letter from head of the O�ce of the Association - Local Action
Group �›ywiecki Raj� � Magdalena Haase
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Recomendation letter from the owner of Agrotourism Bed&Breakfast �Nad Wo-
dospadem� � Aleksandra Hanarz
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Recommendation Letter by Andrej Mohar, Dark-Sky Slovenia
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Map sources: Google maps, Open Street Map, Jele±nia Commune O�ce, ligthpollution-
map.info, own studies.

Sources of photos and illustrations: POLARIS-OPP Association, Dark-Sky Poland, Julia
and Piotr Nawalkowski, Wojciech Noga, Konrad Kopa«ski, Jakub Konior, Natalia Krzeszowiak,
websites of local and national information portals, scans of covers of publications subsidized or
published with the participation of the POLARIS-OPP Association and the Dark-Sky Poland
Program, product catalogs of ES-SYSTEM and ROSA.
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