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Abstract: This paper explores the issue of light pollutianQroatia with a focus on its impact on astrophotgy. Light
pollution, defined as the alteration of naturalliigevels at night due to artificial sources, ha&seh increasing globally by 7—
10% annually. Croatian cities, particularly Zagredxhibit levels of light pollution comparable to joraglobal metropolises,
severely impacting the quality of astrophotograpHye study identifies Croatia’s darkest areas sul@dor astrophotography
(e.g., Lika, the islands of Lastovo and Vis, andiVKamen), as well as those with the highest lgghiution. It also examines
current legislation and implementation challengesluding concrete violations of the Light Polluti®rotection Act. Special
attention is given to the potential of developirgtratourism as a sustainable economic activity. Tiag@er proposes
technological, regulatory, and educational measutesreduce light pollution, such as implementinghting curfews,
modernizing public lighting, and establishing dalky parks. Ultimately, the paper underscores thedrfer a systematic,
collaborative approach involving the scientific cmmity, local authorities, the tourism sector, adc initiatives to preserve
the night sky as a valuable natural and culturaaearce.
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1.INTRODUCTION
1.1. Problem definition

Light pollution is a complex ecological phenomerdefined as the alteration of natural night-timehtig
levels caused by artificial light emissions. Acdagito the "Globe at Night" project by Christoplikgiba (GFZ
Helmholtz-Zentrum fur Geoforschung 202Bght pollution is increasing globally at an atang annual rate of
7-10%, significantly surpassing satellite measur@nestimates. This trend is global and Croatia as n
exception.

The consequences of light pollution are multifadeted well-documented. Disruption of natural ecteys
includes interference with bird migration pattermssorientation of nesting sea turtles, and chaniges
reproductive cycles of various animal species. thaasues in humans linked to light pollution irdéucircadian
rhythm disturbances, reduced melatonin productéiod,potentially an increased risk of certain casi@s noted
by the Croatian Institute of Public Health.

Astrophotographers, who capture celestial objeats, particularly affected. Light pollution dramatiiy
reduces the visibility of stars and celestial bed@minishes night sky contrast, and often conefygbrevents
quality astronomical photography. As a result, gtiotographers are forced to travel to remote,nofte
inaccessible locations, increasing the cost and tequired to create high-quality images.

In Croatia, light pollution is most pronounced ifan areas. A scientific study published in Ehelarsko-
geoloSko-naftni zbornik (Andr&i2018. - "Night sky brightness above Zagreb 2012729 reports that sky
brightness over Zagreb averages 16.9 magnitudeg/éncasec?), higher than that over Hong Kong and
Vienna—despite Zagreb having a significantly smigepulation.

Although Croatia implemented théght Pollution Protection Act (NN 14/2019) in 201i#s enforcement
remains weak. Lighting curfews are often ignorestatative lighting is used in protected naturaharge.g.,
the overly illuminated PeljeSac Bridge in the NeBay Nature Park), and the ban on illuminated bilts at
Zagreb intersections is regularly circumvented.

1.2. Aim and Purpose of the Study

The primary aim of this study is to systematicafiyestigate and document the state of light palutin
Croatia and its impact on astrophotography. Speolfiectives include:
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Identifying and analyzing the darkest location€noatia suitable for astrophotography
Documenting areas with the highest levels of ligitution
Investigating the causes and patterns of lightpiolh spread in Croatia
Assessing the impact of light pollution on astrajigoaphy quality
Evaluating the potential for developing astrotomrias a sustainable economic activity

The paper aims to provide a scientifically groundethlysis of the problem while offering practical
recommendations for its mitigation. Special at@mis given to the potential of astrotourism, whiaitording
to Krajnovi¢ and Hordov (2021)‘should remind us how little we know about therldone live in, and that a
piece of heaven is so close to us every night.”

The purpose of the paper is to contribute to thdeustanding of light pollution in the Croatian cextt raise
awareness of its impact on astrophotography andystems, and encourage the implementation of durren
legislation and development of new strategies ésgunve dark skies as a valuable natural resource.

1.3. Research Methodology

This paper employs a multidisciplinary approachudmg:
Data analysis from relevant sources, primarily wiightpollutionmap.info
Field research and photographic documentation wéwsa locations in Croatia
Comparative analysis of light pollution in Croatiand European cities
Review of scientific literature, especially artiglm theRudarsko-geolosko-naftni zbornik
Analysis of legal regulations, primarily théght Pollution Protection Act (NN 14/2019)
Assessment of astrotourism development potentis¢dhan existing practices such as workshops on
Ucka and night observations on Lastovo
The research combines gquantitative data on lightan intensity with qualitative assessment gfiihpact
on astrophotography. Special attention is givedaocumenting inadequate lighting examples and #féécts
on the night sky using original field photographs.
The methodological approach enables a comprehemsiatysis that connects scientific data on light
pollution with the practical experiences of astrojggraphers, thus creating a basis for informed
recommendations and future dark sky preservatiaegties in Croatia.

2.LIGHT POLLUTION: DEFINITION AND CAUSES

Light pollution refers to a complex ecological pbarenon involving the alteration of natural nighifight
levels caused by artificial sources. This phenomdamot merely a byproduct of industrial civilizat but is
also the result of poor urban planning, unprofessidighting solutions, and a lack of public awares
regarding its consequences. According toltigint Pollution Protection Act (NN 14/2019light pollution is
defined as "the alteration of natural light leveilsing nighttime caused by the emission of ligbnirartificial
sources which adversely affects human health, irspgeaffic safety due to glare, directly or inditlgcemits
light toward the sky, disrupts the life and/or naiion of birds, bats, insects, and other animasdurbs plant
growth, and compromises ecosystem balance, patlguhreatening natural heritage."

Industrialized nations experience the highest kwélight pollution, where densely populated urbasas,
intensive commercial activity, and poorly regulatigthting form so-called "light domes" above citiessible
from hundreds of kilometers away. This issue issgoing globally, as shown by the Globe at Nighjgumb
(Kyba 2023, documenting an annual increase of 7-10% in lpgitiution worldwide.

2.1. Light Pollution in Croatia

According to detailed data from tHeaght Pollution Map (https://www.lightpollutionmaipfo), Croatia
experiences significant light pollution, especiafiyurban centers and along the coast. Zagrelt, &pti Rijeka
are major hotspots of light pollution, forming deenef artificial light that extend into surroundilageas and
severely degrade the quality of the night sky.

A particularly alarming study bgndrei¢ et al. (2018)published in the Rudarsko-geolosko-naftni zbgrnik
found that average sky brightness over Zagreb lmtwanuary 2012 and December 2017 was 16.9 magsitud
(mag/arc sec?) - worse than readings over Hong KaonhVienna, despite Zagreb's smaller size.

The longitudinal nature of this study, which wasdocted above the RGN Faculty building near theesen
of Zagreb, allows for monitoring the dynamics ghli pollution over a longer period of time. Theleoted data
show that the average brightness of the night skind the analyzed period is approximately consteith
certain annual fluctuations that are primarily @by changing meteorological conditions.
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Figure 1. Light pollution map of Croatigvww.lightpollutionmap.info)

Figure 2. Night panorama of Zagreb, taken from Samobor

2.2. Legislation and Implementation

Croatia adopted a nelight Pollution Protection Act in 2019 (NN 14/2019%eplacing the 2011 version.
This law outlines planning, construction, maintesegnand retrofitting standards for lighting infrasture,
aiming to reduce artificial lighting's negative iagb on the environment and human health. It indudandates
such as:

e Alighting curfew between 11 PM and 4 AM
*  Prohibition of upward-facing lighting
* Mandatory use of environmentally friendly light tiixes

Despite a progressive legal framework, enforcenegemteak. Light pollution continues to rise, consigt
with global trends noted in the Globe at Night datialations are frequent, ranging from decoratigating in
nature parks to light-emitting billboards at ineggons.

2.3. Documented Cases of Light Pollution

Croatia presents numerous examples of inapprogrifiteng. One systemic issue is the excessivetiligh
on highway exits, which wastes energy and contebub light pollution. By contrast, Hungary doed no
illuminate any of its highway exits.

Churches and cultural monuments are frequently-bitvefor instance, the church of St. Michael ireth
Istrian village of Sterna is so brightly lit thatendangers traffic safety at a nearby intersecarch lighting
not only violates legislation but also contraditssintent by potentially harming citizens' wellibg.
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Figure 3. Light pollution in the small Istrian town of Stern

These examples show that despite the existencegal regulations, there is still significant rooor f
improving outdoor lighting management practice€noatia, with the aim of reducing light pollutiondits
harmful consequences for the environment, humalthhexad, specifically in the context of this wodgnditions
for astrophotography.

3.DARKEST LOCATIONS IN CROATIA SUITABLE FOR ASTROPHOTOGRAPHY
3.1. The Potential of Croatia’s Dark Skies

Despite the widespread presence of light polluti@matia still has several locations that, accaydio
international standards, fall within areas of miaimlight pollution, providing ideal conditions for
astrophotography. According to data available anitieractive Light Pollution Map, certain areagiroatia
still retain a dark sky quality of Class 1 and 2tbe Bortle Scale, making them exceptionally valeatatural
resources.

However, the trend of increasing light pollutionailso present in Croatia. The "Globe at Night" ecoj
(https://www.globeatnight.orgocuments a global annual increase in light piolfuof 7-10%, a trend that is
also reflected in Croatia. This alarming trend kiglts the urgent need to preserve the remaining-slay
areas.

3.2. Former and Lost Sites

A favorite destination for astrophotographers wasd¥a Gora, but the potential Dark Sky Park ingtea
has been compromised by the construction of armdtes. According to analyses published in the Mani
Geology-Petroleum Engineering Bulletirtips://doi.org/10.17794/rgn.2018.3.9the Petrova Gora area
recorded dark sky brightness levels above 21.0anagéc?, placing it among the highest-quality tioce for
astronomical observation in continental Croatiafddinately, recent infrastructure investments hdegraded
this natural resource.

3.3. Currently Viable Locations

« Lika Region: The triangle between Udbina, Gaz, and Donji Lapac is the darkest in Croatia (22158
mag/arc sec?). Depopulation and sparse lightingétfucture preserve this darkness.
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» Lastovo Island Distant from the mainland, Lastovo reaches 2lagfarc sec? and has the potential to

be recognized as an International Dark Sky Park.
e Vis Island: Due to its isolation and small population, Visinmains values around 21.6 mag/arc sec?,

ideal for observing the Milky Way and deep sky alge
* Vrani Kamen (Papuk): Offers dark skies around 21.3 mag/arc sec? dadtitade and remoteness.

Figure 4. Autumn panorama of the Milky Way near Buhika

Figure 5. Summer nights on Lastovo, in the bay of Skriveka lu

4. LOCATIONS WITH THE WORST LIGHT POLLUTION

4.1. Zagreb

Zagreb’s light pollution levels (16.9 mag/arc sea® comparable to larger European cities. Thisainsp
the visibility of the Milky Way and dim celestiabjects.

4.2. Split and Rijeka

Both cities generate light domes extending acrafacant coastal areas and islands, diminishing thei
potential for astrotourism.
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4.3. Decorative Lighting Issues

Excessively illuminated cultural landmarks, suchTagkofan Castle, often violate legal provisions by
remaining lit overnight with upward-facing lighthi also leads to unnecessary.@missions.

4.4. Comparison to EU Standards

When comparing the situation in Croatia with Eupstandards, it is evident that Croatia is laggieigind
in implementing measures to reduce light pollutioliccording to the "Globe at Night" project
(https://www.globeatnight.oryy/while countries such as Slovenia and Italy ar®reing strict regulations on
outdoor lighting, Croatia still lacks consistentf@eement of existing regulations, leading to conéd
degradation of night sky quality.

Figure 6. Unnecessarily bright decorative lighting at Trakas Castle, February 2023
5. ASTROTOURISM IN CROATIA
5.1. Definition and Potential

Astrotourism represents a specific branch of selet¢burism that involves observing the night dlegrning
about astronomy, and participating in scientifitiaties related to astronomy. Croatia possessesional
potential for developing this growing tourism niclparticularly in areas with minimal light polluticsuch as
Lika, the islands of Lastovo and Vis, and the lmrabf Vrani kamen. According t&rajnovi¢c and Hordov
(2021) astrotourism, as a distinct form of tourism, basn experiencing significant global growth, andatia,
with its natural and geographical features, carolyeca competitive destination in the European &sirsm
market pttps://hrcak.srce.hr/).

Astrotourism should serve as a reminder of howelitte know about the world we live in, and thatrgve
night a ‘piece of heaven' is so close—we just nieelbok up from time to time instead of constarkbeping
our heads down, burdened by everyday stress (Mithgsik.srce.hr/). This philosophical dimension of
astrotourism further expands its significance belythre traditional tourism offer, connecting it wetducation,
self-awareness, and sustainable development.
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Figure7. It is enough to turn off the decorative lightinbile everyone is sleeping, and the location becomes
perfect for astrophotography and astrotourism - Ko&an, October 2024

5.2. Impact of Light Pollution

Light pollution is a major obstacle to the devel@mnof astrotourism and high-quality astrophotobsap
According to data from the "Globe at Night" projé€yba 2023, light pollution is increasing at an annual rate
of 7-10%, which significantly exceeds estimates awmi®d through satellite measurements
(https://www.globeatnight.oryy/ This increase has a direct negative impact erathility to observe the night
sky.

For astrophotographers, light pollution causes ipleljproblems:

« It makes it difficult or entirely impossible to dape faint celestial objects

e It significantly reduces contrast and detail in fggoaphs

e ltincreases the need for complex post-productimhimage processing

» It forces photographers to travel to remote locegjoncreasing costs and requiring additional téme
resources

An analysis of light pollution over Zagreb, pubkshin the Mining-Geology-Petroleum Engineering
Bulletin, shows that the average night sky brighgnin Zagreb is 16.9 magnitudes, which is highanttihe
light pollution levels recorded over Hong Kong arignna gttps://doi.org/10.17794/rgn.2018.3.T his level
of pollution effectively prevents high-quality agphotography and astrotourism activities near majban
centers.

5.3. Potential Locations and Infrastructure for theDevelopment of Astrotourism

If decorative and unnecessary lighting were reduarecbmpletely turned off in accordance with thevLa
on the Protection Against Light Pollutio®fficial Gazette 14/2009 many locations in Croatia could become
internationally recognized astrotourism destinatidsotable examples include:

« Trako%an: With appropriate lighting management, thisdristcomplex could combine cultural heritage
with astrotourism.

« Plitvice Lakes: A national park with potential fitre development of special night tours for stanggwzi

» Lonjsko Polje: A protected wetland area with miniiight pollution.

e Istrian Desert: A unique ecosystem well-suitedrfighttime sky observation.

The Croatian Institute of Public Health warns tiwat interaction of artificial light with the humésody can
have potentially harmful effects on health, furteemphasizing the importance of preserving darksskieot
only for tourism and science, but also for pubkahh (ttps://www.hzjz.hr/)
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5.4. Strategic Guidelines

Recommendations include:

e Educational programs, observatories, and telesispalations
« Partnering with hotels for stargazing packages

» Dark Sky Park certification processes

Figure 8. Astroworkshop for students of UD Podmurvice frafak, near the Vojak Tower on top ofka
5.5. Economic Benefits

Given the growing interest in astrotourism in Ew@o@roatia has the potential to significantly dsiBrits
tourism offerings and extend the tourist seasorcofding to a study by Krajna¥iand Hordov (2021),
astrotourism attracts higher-spending visitorseeds the tourism season, and stimulates the deweluipof
local communitieshttps://hrcak.srce.hr/

The portal Zastita-prirode.hr states that redutigig pollution can also lead to significant ecoriosavings
through reduced electricity consumption, which ddulrther encourage local communities to imple gyt
pollution reduction measureBt{ps://www.zastita-prirode.Ht/

The Croatian Astronomical Society, through its folah Astronomija.hr, regularly organizes educationa
activities that could serve as a model for broadgrotourism initiativeshtps://www.astronomija.hr/ Their
model of organizing workshops and educational @ogr could be expanded to the national level asgbart
strategic astrotourism development initiative.

Timely recognition of the potential of astrotourigmd the implementation of appropriate light patiot
reduction measures would enable Croatia to presisvelark-sky natural resources while developing a
sustainable and innovative tourism offer that atta&isitors year-round, particularly in the pradaost-season
periods.

6. MEASURES FOR REDUCING LIGHT POLLUTION
6.1. Technological Measures

e Eco-friendly lighting: LED lights with a color temperature below 3000K

« Directional lighting: Fully shielded fixtures directed only at intendrofaces
¢ Motion sensors:Reduce unnecessary light emissions

6.2. Regulatory Measures

« Lighting curfew (11 PM-4 AM): Especially for decorative and non-essential ligitin
e Zoning: Define lighting intensity limits by region (EO—Eérzes)
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Figure 9. Brinje, Sokolac Castle — top photo, January 20Bdttom photo, July 2022

6.3. Educational Initiatives

»  School programs, expert workshops, and public ébits on light pollution

6.4. Best Practices

» Lastovo: A model for controlled outdoor lighting

» Flagstaff, Arizona: Pioneer in comprehensive lighting regulation

* Slovenia First nation with national light pollution law

e La Palma, Spain:Home to a major observatory with strict light aoht

7. CONCLUSION

Light pollution represents a multifaceted probldrattgoes beyond hindering astrophotography —ahnis
ecological, health, energy, and cultural challengke conducted research clearly shows that Craatia
experiencing alarming levels of light pollution irban centers, with cities like Zagreb reachingelsv
comparable to much larger European metropolisegshétsame time, Croatia possesses extremely valuabl
resources in the form of areas with minimal lightlgtion — especially Lika, the islands of Lastoand Vis,
and the Vrani Kamen location — which serve not @dyrefuges for astrophotographers but also affisagt
potential for the development of sustainable agtnasm.

A legal framework for addressing light pollutionshexisted in Croatia since 2019, through the Lavthen
Protection Against Light Pollution, but its implentation remains insufficient. Documented casexoéssive
lighting of cultural landmarks, such as TraémS$ Castle and the Church of St. Michael in Steasawell as
unnecessary lighting of highway ramps, clearly ¢gatgé a disregard for existing regulations and & lafc
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awareness regarding the importance of preservirigsiées.

Experiences from 2022, when some cities and muatitigs temporarily introduced light curfews frorh 1
PM to 4 AM due to rising electricity prices, demtrage that implementing light pollution reductioreasures
is not only ecologically justified but also econaaily viable. Reducing unnecessary lighting dufatg-night
hours could yield significant energy savings — aditg to expert estimates, modernizing lightingldaeduce
carbon dioxide emissions by as much as 40 tonsadliyrper lighting fixture.

Alongside the ecological and economic benefitsjtheespects must not be overlooked. Scientific istid
confirm that artificial light sources contain wasegth components that pose potential risks to huneatth,
affecting circadian rhythms and hormonal balanasad-term exposure to unnatural light levels duthrgnight
is associated with an increased risk of variousdthéssues.

Taking all of the above into account, we proposefdtlowing specific measures:

- Consistent enforcement of the existing Law orRhatection Against Light Pollution through therfation
of specialized inspection teams

- Establishment of at least one officially certifiedark sky park" in the Lika region or on the isliaof
Lastovo

- Development of a national astrotourism stratégy tvould connect existing initiatives (such asksbiops
on Mount WEka) and encourage new projects

- Modernization of public lighting by replacing olatted fixtures with energy-efficient LED lights Wit
directed beams

- Introduction of a mandatory "light curfew" betwe#l PM and 4 AM for decorative and non-functional
lighting in all Croatian cities and municipalities

By implementing these measures, Croatia would ndiy geduce light pollution and its negative
consequences but could also become a recognizédales for dark-sky enthusiasts and astrophotolgeas
from across Europe. Astrotourism, as a growing ssgraf sustainable tourism, offers a unique opputyifor
the economic valorization of a natural resourcé Weastill possess but are rapidly losing.

Preserving the dark sky is not a nostalgic retarthé past, but an investment in a healthier, reoergy-
efficient, and aesthetically richer future. Throyghmt efforts of the scientific community, locahé national
governments, the tourism sector, and civic iniiggi we can create a sustainable model that rdesrtie
needs of modern society with the preservation efafrhumanity's oldest experiences — gazing astdmey sky.
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