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ABSTRACT: The present study aimed to present a review of the literature regarding the interconnection between the
quality of the night sky and the growing interest in astrotourism. As a basis for data collection, studies of secondary
documentary nature were used. It is observed that the subject grows in interest on the part of scholars considering
the possibilities of application of the astrotourism activity, due to the distinctive elements of offer in the field of
tourism, in addition to appearing as a playful element in the perception of tourists. The study is relevant considering
the still small amount of studies in Brazil on the subject and the possibility of incorporating this type of service in the
national tourist trade, in addition to being able to appear as a distinctive element of the offer in rural areas, like
others countries.
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INTRODUCTION

Astrotourism is currently one of the niches with grow-
ing interest both from the theoretical field, from the
understanding of the potential, forms of offer, capacity
of interconnection with attractions, promotion of tour-
ist activity in locations outside the urban axis, among
other related aspects understanding of the offer.

In turn, municipal managers, individual entrepreneurs,
especially in rural areas, and other people interested in
enhancing the offer of this type of service can benefit
from this type of tourist arrangement considering the
low financial investment and the attractiveness of the
theme, which it can be easily linked to direct tourism
offers such as events, places, properties, as well as indi-
rectly from complementary services in accommodation
or similar facilities.

In this way, it is observed that studies related to Astro-
tourism are still embryonic and lack of expansion of
understanding, particularly considering the low supply
in Brazil, however, countries such as Portugal, United
States, Chile, Norway, Russia, among others, take ad-
vantage of the potential of this type of service and ex-
panded the actions of implantation of places capable
of exponentiation this type of experience.

The emergence of expansion of the understanding of
the subject is denoted when observing the expansion
of this type of offer in several countries where tourism
is in effervescence, or even the establishment of delin-
eating landmarks of the offer.

In this sense, the present study discussed in an intro-
ductory way the importance of the night sky for the
offer of Astrotourism based on tourism in rural areas,
based on the assumption of the expansion of this mar-
ket niche and the possibility of structuring the system
of operation of this type supply in the national territo-

ry.

THEORETICAL FRAMEWORK

Night Sky

The night sky has been observed by humanity since the
beginning, in search of answers to the primal questions
of its origin and the origin of the universe (Tomanik &
Bastos, 2012). Consequently, looking at the sky is part
of the actions undertaken both with the naked eye or
with amateur equipment by laypeople and from spe-
cialized scientific observation centers.

From the technological evolution, the reality of observ-
ing the completely dark sky, in most urban regions, is
no longer the same. Not infrequently, to enjoy the nat-
ural landscapes and to contemplate the night sky, it is
necessary to move to regions more favorable to the
enjoyment of this type of tourist offer. Thus, the obser-
vation of the sky and its celestial bodies together with
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the management of tourism allow us to offer a service
aimed at recreation and enjoyment of activities at a
time when consumers want to travel to places outside
their usual residence (Valladares, 2020).

In this way, the interest in the consumption of astrono-
my has awakened the development of observatories
around the world that offer activities such as stargaz-
ing, eclipses, visits, among others (Marujo & Fialho,
2021), in addition to several other activities offered in
places that have reduced light pollution combined
with tourist facilities, generally in rural areas.

However, although the night sky is part of everyday
reality and the scientific interest of human beings, at
all times, in all societies, it has been suffering the con-
sequences of light pollution (Tomanik & Bastos, 2012)
and this impairs the observation of the sky, in animal
life and even in human life itself.

The night sky as heritage

The constant interaction with the sky, throughout the
history of human civilizations, configures it as a herit-
age of humanity, both in its natural and cultural as-
pects (Tomanik & Bastos, 2012). For this reason, its
preservation can be considered as a heritage of hu-
manity, essential for the night sky, in which it is one of
the objects of study of this article.

In consideration, it is sought to rescue this interest in
observing celestial bodies and marveling at a clear sky
in a natural landscape, in a way that promotes the
learning of astronomy (Valladares, 2020), in addition to
scientific education, studies, and activities in the field
that can promote sustainable tourism planning.

In 2021, in Brazil, a Bill 1975/21 was created that au-
thorizes bodies of the National System of Nature Con-
servation Units (SNUC) to create programs to certify
locations with great potential for observing the night
sky (Agéncia Camara de Noticias, 2021). With this, it
will strengthen the implementation of the astrotourism
typology in Brazil.

The project has similarities with international certifica-
tions, such as the International Dark-Sky Association,
with the International Dark-Sky Place (IDSP) program,
designed for communities, natural parks and protected
areas around the world to preserve and protect the
night sky through responsible lighting policies and
science education on the topic (IDA, 2021b).

Another project on the subject is the Starlight destina-
tions, places characterized by an excellent quality night
sky, where the tourist practice contemplates the de-
sired sky. The improvement in the quality of tourist
experiences goes beyond discovering associated scien-
tific, cultural, natural values, but also in the preserva-
tion of the sky (Starlight Foundation, 2021).
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Light Pollution

Artificial light at night used by anthropogenic process-
es is a cause arising from the evolution of a society
that, in recent decades, has been accompanied by the
industrial pace of development, that is, a recent
achievement compared to the history of humanity. Ex-
posure to these light sources at night, where there was
none before, occurred mostly after the invention of the
arc lamp (Owens et al., 2020).

Light pollution is generated by the use of artificial light
when it is carried out excessively or inappropriately
(IDA, 2021c¢), and can affect several components, such
as the environment, human health, the economy of a
place, science and education, especially of Astronomy
(Araujo, 2017).

The opinion of the International Astronomical Union
states that light pollution is the incorrect use of artifi-
cial lighting abroad, moreover, it divides the modalities
of how it presents itself. The diffuse glow of the sky can
be seen from long distances, the effect is about
sources that emit light directed in a way that ends up
dispersing among the particles that are part of the at-
mosphere, among them, the pollutants. Intrusive light
is light that invades unwanted places. Meanwhile, glare
is a consequence of excessive brightness, which gener-
ates high contrasts at night, and can cause glare (IAU,
2015).

However, the perception of human natural sensors has
great difficulty in detecting the effects of this type of
pollution, mainly because the damage caused is ten-
dentially noticeable if seen in the long term (Araujo,
2017). Therefore, this can be considered one of the
reasons why the reaction to problems does not lead to
satisfactory measures to combat light pollution by
public bodies.

Generally, to mitigate the consequences caused by
light sources, some factors must be considered: their
applicability, that is, whether it is necessary to illumi-
nate the object in question, considering the impacts of
its use; the protection structure, which directs light only
to the planned location; the intensity; and lighting con-
trol, preventing its dispersion, as well as additional en-
ergy dissipation when not in use. In addition, another
point is the ideal color temperature, and it is desirable
to limit as much as possible the emission of light that
has a low wavelength, close to the color blue (IDA,
2021a).

That said, from the lighting planning, it is sought that
the visualization of photons, by an individual, is in-
creased as the quality of a starry sky also depends on
the influence of light pollution in the atmosphere of
the place where the observation is carried out. The at-
mosphere is attenuated and contaminated by solid and
gaseous pollutants, and by light, that is, the less at-
mospheric interference by lighting, the greater the
contrast between the brightness of the object and the
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brightness of the sky (Araujo, 2017). It is also important
to demonstrate that the quality of the observation will
depend on other factors such as altitude and weather.
Although we share the same sky, because of this prob-
lem, not everyone can have access to the same
nightscape. Therefore, the Bortle Scale was developed
as a consistent method for comparing observations of
the night sky, divided into 9 classes, so that it is possi-
ble to establish the difference between different obser-
vation points (Bortle, 2001). As in the diagram below:

Figure 1: Bortle Scale

/ Bright
[ Suburban |
Sky Transition Sky Sky ransition Sky Site Site

8/9 7 6 5] 3 2 1

Excellent
Dark-Sky

City/ City to

Inner City Suburbia Suburban 0 \ Rural Dark-Sky

MO Bortle Scale  BOrtle’Scale BTt Clll  Bortle Scale Bortle Scale ~ Bortle Scale Bortle Scale

Source: EXOSS Citizen Science Project

In addition to negatively influencing the visualization
of stars, planets, and other stars, studies show that arti-
ficial light at night also affects the well-being of plants
and animals, among which insects, one of the most
affected, and which play an essential role for ecosys-
tem services, and their extinction would have devastat-
ing consequences for the planet (Owens et al., 2020).
“Prolonged and uninterrupted exposure to light at
night can have negative consequences for living be-
ings, due to the change in the function of the biologi-
cal clock and the production of melatonin” (Araujo,
2017), considered probably carcinogenic, among the
agents of group 2A by the World Health Organization.
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Astrotourism as a Tourist Potential in Rural Areas

Protection of the night sky has many benefits and po-
tential for tourism development and planning. Thus,
the concern with the night sky is part of sustainable
development, and tourism is evidenced as one of the
alternatives for promoting this heritage, as long as it is
creative and sustainable (Tomanik & Bastos, 2012).
Thus, in protected areas and low-density territories,
astronomical tourism has immense potential to satisfy
the different curiosities of some tourists or visitors in
the area of astronomy (Marujo & Fialho, 2021). Thus,
Astrotourism enters as a relevant potential in rural are-
as due to its low light incidence, which can be consid-
ered possible for the implementation of this tourist
activity by the rural owners themselves, as it is consid-
ered sustainable tourism.

The astronomical observations and appreciation car-
ried out in appropriate places for this purpose, whether
in observatories or even outdoors, constitute a form of
sustainable tourism and leisure, provided that local
carrying capacities are respected, contributing to the
preservation of the quality of the night sky (Tomanik &
Bastos, 2012). In contrast to the above, tourist service
providers in particular do not include astronomical at-
tractions in their tour packages, and therefore there is
a lack of supply of products linked to this modality,
causing waste of this type of alternatives (Valladares,
2020).

According to Dominici & Rangel (2017), the lIlha
Grande archipelago has some tourist activities, such as
fishing and the use of scientific research in the envi-
ronmental area, in which these are being affected by
light pollution, caused by the practice of inadequate
lighting. The regulation, according to the same au-
thors, would serve to guide companies and residents
to maintain good practices in the use of light and
would complement actions to protect the recognized
natural heritage of the Island.

Internationally, Astrotourism is a well-known term be-
cause it benefits from the strategic location of astro-
nomical observatories recognized in this case in neigh-
boring countries such as Chile, Argentina, other places
such as Hawaii, Canary Islands in Spain and many more
(Valladares, 2020). Thus, in Chile, some types of infra-
structure were designed and built precisely for the in-
vestigation of the cosmos, and it was presented as a
need for other places made possible for the observa-
tion of amateurs or simply tourists who want to know a
little more about the stars of the Southern Hemisphere
of our planet (Sepulveda; Palacios, 2020).

Thus, the activity of Astrotourism that is practiced sus-
tainably, promotes the preservation of the environ-
ment, culture, and the quality of the night sky for the
observation of starlight and other objects (Tomanik &
Bastos, 2012). In this regard, it is thought about the
development of Astrotourism in rural areas and re-
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search is carried out for its practice in the countryside
of Sdo Paulo, in the municipality of Rosana/SP.
Currently, tourists want genuine and exotic experienc-
es, so astronomical tourism is a type of tourism that
can meet the new demands present in some tourists
(Marujo & Fialho, 2021). In this way, the rural space
becomes one of the most viable places for this practice
and one can think of this tourist potential for the mu-
nicipality of Rosana/SP, as it has natural beauties and
attractions, diverse flora and fauna, in addition to have
the meeting of the Parand and Paranapanema Rivers,
where S&do Paulo's ground zero is located.

The objective of Astrotourism is to achieve maximum
profitability, but at the same time it must safeguard
natural resources and respect the population
(Valladares, 2020). From this, astronomical tourism en-
ters as a relevant factor for the development of tour-
ism in the municipality, being able to enjoy the night
sky, in which it becomes a natural resource that can be
valued by citizens and especially by rural properties. In
this way, the quality of the night sky can be a vector
for tourism (Tomanik & Bastos, 2012).

After all, Astrotourism is an activity that is emerging as
a sustainable option for the socio-economic progress
of the territories and a catalyst for the economy of
their communities (Araya-Pizarro, 2020) and, after the
COVID-19 pandemic, it could become an of the typol-
ogies of alternative tourism most sought after by tour-
ists. Therefore, for the same author, the diversification
of Astrotourism to occur needs to cover a broad
framework of tourist activities that, based on the cul-
ture of the sky and the stars, manage to combine to
generate a tourist product valued in the communities
where it will be implemented.

METHODOLOGY

The study uses a theoretical basis, which composes the
specific themes of the research, to carry out the quali-
tative analysis of the object of study. Considering this,
Lidke; André (1986, p.257) point out that “the case is
always well-defined, and its contours must be defined
in the development of the study”. In this sense, it will
use documentary research sources of a descriptive na-
ture, so that the object has its principles delimited, in
this case, Astrotourism.

To obtain a certain precision, the study goes through
the fundamental chapters that deal with the interaction
between individuals and the night sky, such as its inter-
pretation as an activity, conservation awareness, and
light pollution, a determining factor for the quality of
star viewing. Thus, conjecturing about its possibility of
implementation becomes an object of planning that
must be carried out for its consolidation.

In order to analyze the light pollution index in the re-
gion, the lightpollutionmap tool was used, a website
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that operates from the superposition of layers on a
map that displays the light intensity of a region. In this
sense, some places of interest were listed to compare
their indexes intending to identify the potential of the
night sky of the municipality. The data come from the
quantification performed by the VIIRS satellite, and also
from the study of the World Atlas of Artificial Night Sky
Brightness (Falchi, 2016).

DATA ANALYSIS

Located on the edge of Sdo Paulo, 780 km from the
capital, the municipality of Rosana is interspersed be-
tween two rivers, the Parana and the Paranapanema, in
which they enhance the municipality for tourist activi-
ties. In this way, both nature tourism and rural tourism
can be highlighted, where the activity is encouraged in
the settlements as an additional source of income. In
addition, fishing tourism presents itself as a predomi-
nant segment in the region for having a large water
extension, in addition to being close to the reservoir of
the Rosana Hydroelectric Power Plant.

The city includes the Municipal Bathhouse, which offers
points with departure for boats for tourist tours devel-
oped on local islands, such as the Parana River Islands,
which list 16 islands located in the proximity of the
Bathhouse of Rosana. The Parana River has the Mirante
installed 38 meters above the river bed (Secretaria de
Esporte, Turismo e Cultura, 2021).

The points of inference are the analyzed locations
based on the light pollution generated in the region
and its indicators. Thus, Figure 2 points to the locations
of analysis:

Figure 2: Indication of observation locations
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It is observed that the most distant places from urban
centers present a consistent difference in terms of light
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pollution and that the alliance between the natural
conditions of the locations, added to the potential of
taking advantage of the space for the implementation
of the Astrotourism service, could directly or indirectly
connect the attractions. Graph 1 shows the rates of
light pollution:

Graph 1: Analysis of the Illuminance Indices of the Chosen
Locations
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The data in the graph indicate the possibility of com-
paring the locations chosen in the municipality of Ro-
sana, and their respective luminosity indices in an area
from data collected by the VIIRS satellite, converted
into the unit of magnitude of the sky background, at
night, by arc second squared by the lightpollutionmap
tool.

The result of the analysis showed that the attractions
listed have low levels of luminosity, therefore, they
have a natural potential, the night sky is protected, a
point corroborated by Honorato & Violin (2020). The
record of the city's indexes shows that there is still a
high incidence of artificial lights impairing the quality
of the sky, since, without the nearby areas having ade-
quate lighting, it will cause a noticeable visual interfer-
ence in the region's sky, which can extend kilometers,
harming several locations beyond the urban area.

It is thus indicated that the location has potential for
offering Astrotourism, especially considering the possi-
bility of connecting both the attractions facing the riv-
ers of the region, generating income for the popula-
tions that live on this type of offer, and for the expan-
sion of the offer aimed at to rural tourism, which have
scenic beauty, ease of access and connectivity with the
object of analysis of this study.

Finally, it is important to emphasize that the conversion
of the data collected by the satellite lacks some specifi-
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cations that would help assertiveness in the quantifica-
tion of the luminance of the night sky brightness.
Therefore, an analysis model would be needed to find
out how light propagates in the earth's atmosphere,
taking into account several factors, such as the air con-
dition, the curvature of the earth.

FINAL CONSIDERATIONS

The offer of Astrotourism brings indicators of connec-
tivity with other attractions in the municipality and indi-
cates the possibility of increasing the offer considering
the possibility of generating in the target audience vis-
iting the municipality or even the residents of the sur-
roundings the ability to access a specific type of experi-
ence.

Astrotourism as a tourist offer can, for example, con-
nect with the activities carried out around the rivers
that bathe the municipality and already have a devel-
oped structure, at the same time that they can be com-
bined with offers linked to rural tourism in the munici-
pality, which already presents actions to boost demand.
This type of study contributes to the field of theory by
allowing advances in terms of understanding the topic,
expanding the scope of analysis and opening up a dis-
cussion on forms and types of supply in the field of
tourism, with special emphasis on the possibility of un-
derstanding regarding the connection between Astro-
tourism in rural areas and the night sky as an indelible
heritage to be contextualized and protected, aiming at
the object of study to be used as an interpretive factor
for the segment to be used as a tourist enhancer.

The study contributes to the field of understanding by
launching the perception of coherence between supply
and demand of a niche still unexplored in Brazil, but
which has gained relevance in other countries with the
adoption of certification programs with the objective
allied to the promotion of Astrotourism.

It is observed that from the management point of view,
the study brings to light the observation of the possi-
bility of implantation of structures aimed at Astrotour-
ism especially in rural areas or even in structures, as is
the example of the locality of analysis, in islands con-
sidering the low light and the relatively low values for
investment in the activity which can appear as added to
attractions such as activities in rural areas or even bird
watching, for example, which may have as additional
elements related to Astrotourism, or even specialized
offers focused exclusively in this type of activity.

The academic contribution of the study focuses on the
incorporation of understandings related to the way of
surveying luminosity indicators, in addition to the form
of triangulation of variables inherent to the under-
standing of the structuring of this type of niche in the
context of the tourist offer, especially in locations
where tourism is not presents as a central element of
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the local economy.

As an indication of future research, the expansion of
the scope of analysis is indicated intending to use case
or multi-case studies on the subject in order to broad-
en the understanding of the permissive elements of
offer of Astrotourism in Brazil, since it still it is an unex-
plored field of research, and with market expansion
trends.

The low levels of luminosity in the places demonstrate
that there is passive potential to be explored in the mu-
nicipality. However, the city has high levels, which
demonstrates that the application of the segment
would have to be accompanied by actions to combat
light pollution intending to safeguard the sky land-
scape and enhance it from the interpretation of the
possibilities that Astrotourism offers.
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