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A RESEARCH PROJECT ON THE SKY:
HOW DOES LIGHT POLLUTION AFFECT THE ASTRONOMICAL COMMUNITY IN THE UK?

Word count:  4,120


INTRODUCTION 

Stargazers and astronomers have repeatedly lamented how the ever-growing light pollution taints the skies, assert Lyytimäki & Rinne.[footnoteRef:1]  Light pollution is increasingly recognised as severely reducing the visibility of stars and other celestial objects. Hence, according to Henderson ‘the great cities of the world are being cut off from the wonder of the night sky’.[footnoteRef:2]  The study offers some insights into how light pollution affects the astronomical community in the UK.   The main issues addressed in this paper are: (i) whether contemporary humans still seek a connection to the sky (ii) the main light pollution issues facing astronomers and (iii) how astronomers combat the problem of light pollution.  On the question of do humans still seek a connection with the sky, this study will work with the theories of Tim Ingold and Nicholas Campion.  Ingold states that people no longer have a connection with the sky due to living mostly indoors.[footnoteRef:3]   Conversely, Campion believes the sky has always held a sense of awe and wonder for humanity.[footnoteRef:4]    The methodological approach taken was a mixed methodology based on an online survey, followed by three online semi-structured interviews. The respondents and interviewees were all members of three astronomy Facebook groups.  A combination of quantitative and qualitative approaches was used in the data analysis. The study was exploratory in nature and it found many astronomers had to travel great distances to their nearest dark sky. [1:  Jari Lyytimäki & Janne Rinne, ‘Voices for the Darkness: Online Survey on Public Perceptions on Light Pollution as an Environmental Problem’, Journal of Integrative Environmental Sciences, Vol 10, No 2 (2013), (hereafter Lyytimäki & Rinne), p. 127]  [2:  David Henderson, ‘Valuing the Stars: On the Economics of Light Pollution’, Environmental Philosophy, Vol 7, No 1, (2010), (hereafter Henderson), p. 17]  [3:  Tim Ingold, ‘Earth, Sky, Wind and Weather’, The Journal of the Royal Anthropological Institute, Vol 13, Wind, Life, Health: Anthropological Perspectives (2007), (hereafter Ingold), p S28]  [4:  Nicholas Campion, The Dawn of Astrology: A Cultural History of Western Astrology – The Ancient and Classical Worlds, Hambledon Continuum (2008), (hereafter Campion), p. 5] 


[bookmark: _Hlk28547348]LITERATURE REVIEW 

Mizon defines light pollution as ‘the prevention of observation of celestial objects caused by artificial light’.’[footnoteRef:5]   Much of the current literature on light pollution emphasises the increasing use of bad lighting.   Dunnett illustrates the different types of light pollution, showing how nuisance lighting can obliterate the darkness of the sky at night (figure 1).[footnoteRef:6]   Furthermore, Alvarez and Crawford assert low-quality outdoor lighting, such as LED lights and street lights, creates clutter and confusion hindering visibility of the night-sky.[footnoteRef:7]          [5:  Bob Mizon, ‘Light Pollution: Responses and Remedies’, Springer, Second Edition, 2012, (hereafter Mizon), p. 123.]  [6:  Dunnett, p. 626]  [7:  Elizabeth M Alvarez del Castillo and David L Crawford, ‘The Value of Dark Skies and of High Quality Night Lighting - Building Public Awareness’, The George Wright Forum, Vol 18, No 4 (2001), (hereafter Alvarez and Crawford), p. 21   ] 

[image: See the source image]
Figure 1: Oliver Dunnett, Different types of light clutter, (2011)

By way of illustration, Dunnett shows the effects of skyglow on Stonehenge, which appears to wipe out the night-sky (figure 2).[footnoteRef:8]       [8:  Dunnett, p. 626] 

[image: ]
Figure 2: Oliver Dunnett, Stonehenge on Salisbury Plain, (2011).  

Hoerger terms light pollution a ‘First World Problem’, arguing the expansion of artificial illumination in the 19th century affected the night-sky.[footnoteRef:9]    It remains a paradox of progress that advancement in lighting continues to create problems for the night sky. As stars become harder to see, Ingold’s argument that contemporary humans spend evenings indoors is underlined.  In contrast, Campion believes ‘nobody can gaze at a magnificent sky without being moved’.[footnoteRef:10]  This is exemplified in the work undertaken by Kelly who found night-sky watching behaviours are influenced by noctcaelador, an adoration with the night-sky.[footnoteRef:11]  Conversely, Holbrook’s comparative study found light pollution was a contributory factor for people remaining indoors, underpinning two opposing perspectives.[footnoteRef:12]    [9:  Jacob Hoerger, Missing the Night Sky, The New Atlantis, No 48 (2016), p. 116]  [10:  Campion, p. 5]  [11:  William E Kelly, ‘Development of an Instrument to Measure Noctcaelador: Psychological Attachment to the Night Sky, Psychology and Education, Graduate Department of Counselling, George Fox University, Portland, (hereafter Kelly), p. 100]  [12:  Jarita Holbrook, ‘Sky Knowledge, Celestial Names and Light Pollution’, Bureau of Applied Research in Anthropology, University of Arizona (2009), (hereafter Holbrook), p. 1.] 


Regards combating light pollution, Alvarez states quality of lighting is key.[footnoteRef:13] In this respect, the International Dark-Sky Association was founded in 1988 to lobby for lighting-policy changes and educate the public about the value of the night sky.[footnoteRef:14]   An inquiry by the House of Commons detailed astronomers were forced to travel great distances to find dark skies, with a resultant increase in complaints to local authorities.[footnoteRef:15]   In 2001, John Bortle created a nine-level numeric scale to help observers judge the quality of the night sky (figure 3), which illustrates the difficulty of observing the Milky Way in cities.[footnoteRef:16]    [13:  Alvarez & Crawford, p. 22    ]  [14:  Dunnett, p. 620]  [15:  House of Commons Science and Technology Committee, Light Pollution and Astronomy, Seventh Report of Session 2002-3, Vol 1, (2003), (hereafter House of Commons), p. 20]  [16:  John E Bortle, Introducing the Bortle Day-Sky Scale, Sky & Telescope, (2001), (hereafter Bortle), p.126] 

[image: See the source image]
Figure 3: John Bortle, Bortle nine-level numeric scale (2001)

Figure 4 shows a current picture of comet neowise ruined by Elon Musk’s space tech company’s satellites.[footnoteRef:17]  This is an uptodate illustration of space pollution caused by artificial satellites.     [17:  Daily Express online, dated 24th July 2020, available at https://www.express.co.uk/news/science/1313662/spacex-news-elon-musk-comet-neowise-satellite-view-observers-latest [accessed 4th August 2020]] 

[image: comet neowise satellite spacex elon musk]
Figure 4 : Daily Express dated 24th July 2020 [accessed 4th August 2020]

However, Mizon points out remote objects can still be seen through moderate light pollution with adequate equipment and recommends astronomers use narrow-band filters for looking at the night-sky and CCD cameras for astrophotography.[footnoteRef:18]  In view of the above, one may suppose that the astronomical community are having to make certain compromises when observing the night sky. [18:  Mizon, p. 123.] 


METHODOLOGY

This section will analyse why the project followed a mixed methods and inductive approach.   The aim of the paper was to examine how light pollution affects astronomers.  The choice of the methodology was guided by three research questions:

(i) What are the main light pollution issues facing astronomers?
(ii) What does this interconnection with the sky mean for astronomers?
(iii) How do astronomers combat the problems of light pollution?

Study design

[bookmark: _Hlk47536264]Kumar advises against locking the project into either quantitative or qualitative research as both approaches have their strengths and weaknesses.[footnoteRef:19]   Hennink and others also advocate a ‘mixed methods’ approach for comprehensive data.[footnoteRef:20]   This suggests that using numbers to add to the participants’ narratives will be valuable.  Besides, Bell doubts whether quantitative research can be used solely when dealing with human beings’.[footnoteRef:21]   This is reinforced by Bryman who states that quantitative research is conceived as being ‘a rational, linear process’, suggesting it may not capture all context in an exploratory study.[footnoteRef:22]   Hennink and others cite Geertz in stating qualitative data involves making a ‘thick description’.[footnoteRef:23]   An inductive approach will also be used.  Bryan & Bell state the inductive approach, through a means of gathering data, attempts to establish patterns which will be useful when identifying themes.[footnoteRef:24]    [19:  Ranjit Kumar, Research Methodology, A Step-by-Step Guide for Beginners, Sage Publications Ltd, Second Edition, (2005), (hereafter Kumar), p. 12.  ]  [20:  Monique Hennink, Inge Hutter and Ajay Bailey, Qualitative Research Methods, Sage Publications Limited, 2011, (hereafter Hennink and others), p. 52.]  [21:  Judith Bell, Doing Your Research project, A Guide for First-Time Researchers in Education, Health and Social Science, Open University Press, McGraw Hill Education, Fifth Edition, (2010), (hereafter Bell), p.5.]  [22:  Alan Bryman, Quantity and Quality in Social Research, Routledge, (1988), p. 18.]  [23:  Hennink and other, p. 238.]  [24:  Alan Bryman and Emma Bell, Business Research Methods Paperback, Third Edition, Oxford Press, p.557] 



Data collection

Both secondary and primary sources were collected.   Secondary data was collected from the JSTOR database, textbooks and government publications. The primary data was collected online and, therefore, had the advantage of reaching a wider population.   The sample profile were members of the following Facebook astronomy groups:
· UK Astronomy
· The Baker Street Irregular Astronomers
· Manchester Astronomical Society

Tongco warns inappropriate participants could render the data meaningless.[footnoteRef:25]   The prerequisite, therefore, was that respondents were part of the astronomical community.  The admin of the Facebook pages acted as gatekeepers and granted permission to post the questionnaire on the respective pages.  From an ethical standpoint, contributors were informed participation is voluntary, anonymous and confidential and any questions may be omitted.  All contributors had to declare they were 18 or over and asked to give consent for their input to be used in the research. [25:  D Tongco, ‘Purposive Sampling as a Tool for Informant Selection’. A Journal of Plants, People and Applied Research, Ethnobotany Journal, Vol 5 (2007), p. 151] 

The survey, developed using Google forms, was piloted by friends and, subsequently, received sixty-three responses over five days.  Three respondents were later contacted for a semi-structured interview, via Zoom and recorded with permission.   Bell states, unlike surveys, semi-structured interviews are flexible as the interviewer can follow up ideas, probe responses and investigate feelings.[footnoteRef:26]   Whilst the sample for the interviews was small, this is not a limitation.  Hennink and others state that due to the in-depth nature of qualitative research, few participants are required as the purpose is ‘to achieve depth of information by mining each participant deeply for their experiences’.[footnoteRef:27]  Open questions were used to obtain this result.    [26:  Bell, p.161]  [27:  Hennink and others, p. 17.] 

Data analysis
The data from the questionnaires was analysed first and the results used to inform the subsequent qualitative stage.  The data was imported to an Excel spreadsheet and analysed manually.   The questionnaire was made up of three sections: (i) factual information (ii) inventory information (iii) text boxes for respondents to add their own voices (Appendix 1).  The data from the text boxes was used to find common themes, alongside the qualitative data from the interviews.  The interviews were used for drilling deeper to obtain some of Geert’s ‘thick description’.[footnoteRef:28]  The transcript from the interviews were analysed, coded and three themes identified for integration into the report – Kumar calls this process ‘content analysis’ as it involves various stages of interpreting patterns from the data.[footnoteRef:29] [28:  Hennink and others, p. 238.]  [29:  Kumar, p. 240] 

Reflexivity 

On the insider/outsider dichotomy, I started off as an outsider.  As a middle-aged Caucasian female with little experience of observing astronomical objects, the limitation of being an outsider were errors can occur around the questionnaire design.   Berger states outsiders may have trouble formulating questions as they are unfamiliar with the subtleties of the context.[footnoteRef:30]   Indeed, one of the respondents, with over 66 years’ experience, informed me one of my questions was ‘daft’.   Breen states that the role of a researcher is better conceptualized on a continuum, rather than a dichotomy.[footnoteRef:31]   Similarly, having picked up some astronomical jargon, I subsequently saw myself transitioning to Turner’s liminal state of ‘betwixt and between’ and less of an outsider.[footnoteRef:32]    [30:  Roni Berger, ‘Now I see it, now I don’t: Researcher’s Position and Reflexivity in Qualitative Research’, Qualitative Research, Vol 15, No 2 (2013), p. 221    ]  [31:  Lauren Breen, ‘The Researcher in the Middle: Negotiating the Insider/Outsider Dichotomy’, The Australian Community Psychologist, Vol 19, No 1, p. 163   ]  [32:  Bjorn Thomassen, Liminality and the Modern: Living through the In-Between, Routledge, (2014), p. 72] 

 
FINDINGS AND DISCUSSION 
This section comprises the findings and discussion of the results, which derive from the data collected to meet the purpose of the study.  The common themes identified from the data analysis are: (i) Nature’s Natural Canvas (ii) Diminishing Night Sky (iii) Combating Light Pollution. The themes will be used to analyse the findings of the study, using the mixed methods approach.   

Nature’s Natural Canvas 

[bookmark: _Hlk47859254]The first question in the research sought to determine whether contemporary humans still seek a connection to the sky.  Table 1 presents the breakdown of respondents according to gender and astronomer type.  These findings show that from the 25% of female respondents, 17% identified as enthusiastic beginners; whereas from 73% of male respondents, 56% identified as amateur astronomers, suggesting that astronomy is more male dominated.   In can therefore be assumed that males are more likely to have a connection to the sky than females.  However, as mentioned in the literature review, this is contrary to Ingold’s view that contemporary humans no longer have the same connection to the sky as they are inclined to spend most evenings inside.[footnoteRef:33]  This was also supported by Holbrook’s exploratory study.[footnoteRef:34]    The implication there are fewer females interested in astronomy because they spend more time inside, would need to be investigated further. [33:  Ingold, p. S28]  [34:  Holbrook, p. 1] 


	
 Astronomer type
	
Total respondents
	Gender

	
	
	Female
	Male
	Prefer not to say

	I am a professional astronomer
	2%
	0%
	2%
	0%

	
	1/63
	0/63
	1/63
	0/63

	I am an amateur astronomer
	54%
	8%
	46%
	0%

	
	34/63
	5/63
	29/63
	0/63

	I am an enthusiastic beginner with a passion for astronomy
	38%
	14%
	22%
	2%

	
	24/63
	9/63
	14/63
	1/63

	I have recently become interested in astronomy and want to learn more
	6%
	3%
	3%
	0%

	
	4/63
	2/63
	2/63
	0/63

	
TOTAL 
	
63
	25%
	73%
	2%

	
	
	16
	46
	1


Table 1:  Respondents according to gender and astronomer type

Contrary to Ingold’s viewpoint, Campion’s stance is that most people are moved by a magnificent sky.[footnoteRef:35]     When respondents were asked what the sky meant to them, the overall responses were very positive.   David was very explicit: [35:  Campion, p. 5] 


Everything!   My life depends upon my close connection to a dark sky at night and exposure to sunlight and the sky during the day.  I cannot imagine living without this. 
 
Other responses to this question elicited feelings of ‘awe’ and ‘wonder’, with the size of the universe giving many a feeling of ‘insignificance’.   In general, therefore, it was clear that many of the respondents felt a deep connection to the universe.  This endorses Campion’s conviction that the sky holds wonderment for humanity and echoed by James, who stated ‘I spend most nights looking up at the beauty of the night sky’.  It can be suggested that James’ has an adoration for the sky.   In the literature, Kelly referred to this behaviour as someone having a psychological attachment to the sky, which he termed noctcaelador.[footnoteRef:36]  Similarly, one interviewee, Sarah, became quite emotional when talking about the sky: [36:  Kelly, p. 100] 


If fills me with awe when I see a star filled sky.  I went to the Atacama Desert last year after the eclipse in Chile and the sky was sooo beautiful …….  it made me cry.

Others saw the sky as a place of ‘escapism’ and ‘calmness’.   For example, Rebecca aged between 18-25, who lives in a rural area, echoes the words of many when she stated:

When I look up I feel free, it makes me feel calm and I can really let myself be myself when I am looking up!

Rebecca’s reactions imply she feels at peace when looking at a dark sky.  Conversely, some respondents described the sky in more pragmatic terms. William described it as ‘nature’s natural canvas’, whilst Dominic said it was a ‘window to the universe we live in’.  This was quite a common theme amongst many of the respondents.   During an interview, Derek was most forthright in his belief that

The sky is our universe ….. and it is a basic human right ….. to be able to see as much as possible … without artificial light pollution 

The results in this section show that most respondents have some form of an attachment to the sky, upholding Campion’s belief.    However, it is expected that astronomers are likely to have a connection with the sky and further research should be done to investigate whether this connection to the sky also holds true for non-astronomers.   

Diminishing Night Sky 

The second question in this study sought to determine what the main light pollution issues were facing astronomers.  Various sources of light pollution were identified in the survey.   As expected, table 2 shows over a third of respondents to be very adversely affected by glare and skyglow.  These results are consistent with those mentioned in the literature, where Dunnett demonstrated the effects of skyglow which, when projected upwards from the ground, resulted in an orange background above Stonehenge.[footnoteRef:37]   In the open text boxes, typical common grievances was around the timing of lights, light being badly directed and overall brightness.   One unanticipated finding was that only 6% of respondents were very adversely affected by artificial satellites, with almost two-thirds not adversely affected.   Very little academic literature was found on artificial satellites polluting the skies, apart from the recent article in the Daily Express.   However, Richard the only respondent to comment on artificial satellites said he expected ‘observation would be affected in the future as the number of satellites increased’.    [37:  Dunnett, p. 620] 


	
Light pollution
	Not adversely
	Adversely
	Very adversely

	
	Respondents
	%
	Respondents 
	%
	Respondents
	%

	Glare
	6
	10
	34
	54
	23
	36

	Sky glow
	9
	14
	31
	49
	23
	36

	Light clutter
	19
	30
	32
	51
	12
	19

	Light trespass
	13
	21
	32
	51
	18
	29

	Blizzards
	37
	59
	10
	16
	16
	25

	Artificial satellites
	41
	65
	18
	29
	4
	6

	Full moon
	14
	22
	35
	56
	14
	22

	Base
	63


Table 2: Light pollution affecting the night sky

Conversely, a strong correlation between light pollution and the diminishing sky had been found in the literature as illustrated in Bortle’s 9-level dark sky scale (figure 3).[footnoteRef:38]     When respondents were asked to define their sky overhead based on the Bortle dark-sky scale, this revealed none of the respondents lived under a level 1 or 2 clear dark-sky (Appendix 2).  Respondents were asked how far they needed to travel to their nearest dark sky location.   Figure 6 helps us to understand the comparative distance astronomers need to travel, revealing that 38% of respondents had to travel over 30 miles, with 3% of respondents having no idea.  These findings validate Henderson’s claim that places are not as dark as they used to be.[footnoteRef:39]     [38:  Bortle, p.126]  [39:  Henderson, p. 19] 



Figure 6:    Distance travelled to the nearest dark sky location

On the subject of travelling, a sense of irritation amongst respondents was apparent.  Tony stated ‘it is frustrating having to travel miles to be able to see something other than a couple of stars’!     

Derek, an interviewee, sounded disheartened

I've hardly bothered with Astronomy recently due to neighbours’ security lights and street lighting. As a disabled non-driver ……     urm   … I can’t just take myself off to a dark sky area

Greg, who grew up in the countryside and now lives in inner London, stated 

Most people in London have never seen the huge expanse I saw and that inspired me as a child.  …..  Even with a good telescope I struggle to see deep sky objects.

Talking about this issue, another interviewee, Nigel, a professional astronomer, explained how light pollution affected his work
I operate London's only full-time astrometric observatory. As a member of the International Asteroid Warning Network, we help to confirm new asteroids, and track known asteroids. We can resolve objects down to 20th magnitude from our site in London. Light pollution makes this task take about 50%+ longer from our Bortle 8 location compared to a dark sky site.   

[bookmark: _Hlk47868029]Hoerger referred to this as a first world problem in the literature as the increase in lighting precipitates a diminishing sky.  Malcolm, with over 30 years’ astronomy experience, believed light pollution stopped people becoming interested in astronomy in the first place, corroborating with Ingold’s belief that people are losing their connection to the sky.  

[bookmark: _Hlk47271022]Combating light pollution

[bookmark: _Hlk47900174][bookmark: _Hlk47794021]The third question in this research was how astronomers combat the problem of light pollution.   Many of the respondents agreed the rapidly increasing use of energy-efficient LED technologies are contributing to light pollution, supporting Lyytimäki & Rinne’s study in the literature.[footnoteRef:40]   In general, therefore, it seems that artificial LED lights are a contributory factor to light pollution.  As Chrissy, from a rural area, put it: [40:  Lyytimäki & Rinne, p. 131   ] 


It’s tragic how the introduction of LED lighting technology, and the trend of illuminating landmarks, has dramatically worsened the condition of the night sky

As pointed out by Alvarez & Crawford, in the literature, LED lighting creates clutter and confusion.[footnoteRef:41]   Adding to this, Luke, aged 18-25, states LED lights are much harder to filter than older orange lighting. The House of Commons report recommends that Government acts to ensure that every local authority about to invest in new street lighting be advised to install less light polluting luminaires.[footnoteRef:42]   Other respondents felt moving to a dark-sky area was a resolution to combating light pollution.  For example, Keith moved to a semi-rural area from a city and says he can ‘see the night sky now as well as I might hope’.   Keith also happens to be the Vice-President of the Manchester Astronomical Society and stated he had also discussed the topic of light pollution on BBC TV.   Talking about light pollution, interviewee Derek, said, when time allows, he has been proactive in trying to reduce light pollution in his area [41:  Alvarez & Crawford, p. 20]  [42:  House of Commons, p. 19] 

 
Such as contacting local councils …… (pause) to reviewing new build areas’ lighting plan …. (pause) and also talking to new shops, for example ASDA ….. who later added shields to their outside wall lighting that was shining upward.   Urm, I’ve also had support from the UK Dark Sky Campaign.

Conversely, Max, a city-dweller, took a light-hearted view to combating light pollution as he said: 

I shot 3 road lights with my bow to break them so I could use my telescope

Whilst the response was taken in jest, its inclusion in the findings does emphasise astronomers’ frustrations and imagines what they might like to do.   A minority of respondents were optimistic about combating light pollution, as John stated:

light pollution is a problem but there are ways to get around it with software and narrow band filters, at least for telescope astronomy

[bookmark: _Hlk47861858]To illustrate his point, John shared a Flicker link to images of astronomical objects taken in Central London with apps, which looked highly impressive given the Bortle 8 or 9 dark sky. Respondents were asked whether they had experience of using astrophotography apps to which 78% confirmed to using at least one or more of the following in figure 7. Similarly, Mizon in the literature urged people to look for different ways to try to filter out offending lights.[footnoteRef:43]    [43:  Mizon, p. 123.] 



Figure 7:   Astrophotography apps used by astronomers (49 responses)

Finally, a fun-type poll was added to the survey, and respondents were asked whether there should be a Space Day holiday, where lights are shut off for at least one hour at night to observe the galaxy.    The results were that 83% of respondents agreed with this idea and 3% surprisingly disagreed.  The two respondents who were not in favour of a Space Day, lived in rural areas which suggests they were not as adversely affected as respondents living in inner cities.    Sarah, one of the interviewees, stated

Living in central London I love the idea of a Space Day (sigh).   I often think it would be amazing if there was a power cut at night just for an hour, you know, …..  so, people could see what they are missing. 


Figure 8:  Poll in support of a Space Day

One of the consequences emerging from these findings is that astronomers are starting to rely on software and filters in observing the sky if not living under a dark sky location.  This is an important issue for future research.


CONCLUSION
[bookmark: _Hlk29819531]This study set out to explore how light pollution affects the night sky.   The first question the research sought to determine was whether contemporary humans still seek a connection to the sky.  Contrary to Ingold’s belief that persons today do not have a connection to the sky, the target group surveyed evidenced a strong connection with the sky, with many moreover expressing a strong attachment corroborating Campion’s assertion.  The current study was limited by using astronomers and this research has thrown up the need of further investigation with non-astronomers.  Regards the second question, the results identified various sources of light pollution, with LED lights being a source of irritant to astronomers, an obvious finding to emerge.  The findings support the idea that light pollution taints the night sky, with only 3% respondents stating they are within six miles of a dark sky.   This supports the idea of a diminishing sky.  Thus, some interviewees felt light pollution stopped people becoming interested in astronomy, underlining Ingold’s belief that people are losing their connection to the sky.  Many respondents had complained to their local authority and the Dark Sky Association in attempts to combat light pollution.    Conversely, the majority of respondents believed good astronomical images could still be taken under city skies by using software and narrow-band filters, with 78% of respondents used one or more app for this purpose.   Returning to the question posed at the beginning of this study, there is evidence to support that the night sky is adversely affected by light pollution.  A future study investigating the support of a space day would be interesting, given 83% of respondents were in support of it.    
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Appendix 1


LIGHT POLLUTION QUESTIONNAIRE

My name is K Brereton and I’m conducting research into how astronomers feel about light pollution as part of a MA in Cultural Astronomy and Astrology at the University of Wales Trinity St David. This is a short questionnaire for astronomers. The question is how you cope with light pollution. Your responses will help define how your community feels about light pollution. Your participation is voluntary, anonymous and confidential. You may refuse to answer any individual questions and/or delete your answer by not submitting. The information will only be used for the purpose of this research and deleted two years after conclusion of the project. You must be 18 or older to participate. Please contact me at karbrere@gmail.com if you have any questions. Your participation is greatly appreciated. 

SECTION 1: BASICS

* Required
1.  Gender
Female
Male
Prefer not to say
Other:


2.  Age *
18-25
26-35
36-45
46-55
56-65
over 65

3.   	How would you define your sky overhead based on the Bortle dark-sky scale, which is based on observation and the brightness of the sky? (choose one)

Excellent dark sky
Dark sky
Rural sky
Rural/Suburban transition
Suburban sky
Bright suburban sky
Suburban/inner urban transition (full moon)
City sky
Inner city sky



4.   	How far (in miles) do you think you would need to travel to reach your nearest dark sky location? (choose one)

Under 6 miles
6-10 miles
11-20 miles
21-30 miles
over 30 miles
I don't know
I live in a dark sky location
5.   	Please tell us about the astronomer in you.. (choose one)
I am a professional astronomer
I am an amateur astronomer
I am an enthusiastic beginner with a passion for astronomy
I have recently become interested in astronomy and want to learn more

SECTION 2: EXPERIENCES
Twinkle, twinkle, little star, How I wonder where you are. Looking up is no solution; The sky's so full of light pollution. (David H. Levy)
 

5.   	As an astronomer have you witnessed any of the following objects in the night sky either with the naked eye or with the use of equipment?
	Astronomical object
	Light polluted area
	Dark sky area

	Aurora Borealis
	
	

	Solar eclipse
	
	

	Lunar eclipse
	
	

	Neowise comet
	
	

	The Pleides
	
	

	Moon
	
	

	Mercury
	
	

	Venus
	
	

	Mars
	
	

	Jupiter
	
	

	Saturn
	
	


 







If other, please state
Your answer




6.   	Have you ever seen any of the following with the naked eye?
Milky way
Astronomical objects, such as globular clusters or the pinwheel galaxy
Zodiacal light/constellations
Airglow and clouds
If so, did you have to travel outside your own location to a darker sky location?
Yes
No
7.  	Which of the following light pollution affects your observation of the night sky? *
	Light pollution
	Not adversely
	Adversely
	Very Adversely

	Glare from light trespass
	
	
	

	Skyglow
	
	
	

	Light clutter/confusion
	
	
	

	Light waste
	
	
	

	Blizzards and rainstorms
	
	
	

	Artificial satellites
	
	
	

	Full moon
	
	
	



8.   	Have you ever complained to your local council regarding the light pollution in your area?
Yes
No

9.   	Have you ever used any of the following astrophotography apps for brilliant night sky photography?

Photopills - best all round night photography app
Dark Sky Finder - best light pollution app
Dark sky - best weather app
Photographer's Ephermeris - best Milky Way finder app
Stellarium - best planetarium website
Light pollution map to locate dark sky
If any others, which apps do you use?

Your answer

10.   	Do you think we should have a holiday called Space Day, where lights are shut off for at least an hour at night to reduce light pollution, so we can see the galaxy?
Yes
No
Maybe
Don't know



SECTION 3 : FEEL FREE TO ANSWER THESE QUESTIONS IN YOUR OWN WORDS
“The sun, the moon and the stars would have disappeared long ago . . . had they happened to be within the reach of predatory human hands.”— (Havelock Ellis, The Dance of Life, 1923). 
11.  	What does the sky mean to you?
Your answer


12.  	How do you think the prevalence of artificial illumination is an obstacle for astronomers generally?

Your answer

13  	Anything else you would like to add regarding your personal challenges with light pollution?
Your answer




Your consent: I give consent to this information being stored by the University of Wales Trinity St David (UWTSD) used solely for the purpose of this survey and on the agreement that this information will never be stored with any third parties.

I give consent to this information being stored by the UWTSD

Thank you for participating. I appreciate your time and honesty. Would you be willing to participate in a short interview about your light pollution challenges?

Yes
No
If yes, please give your email address so I can contact you for an interview.

Your answer
Submit




Appendix 2

Respondents’ sky overhead as defined by the Bortle dark sky scale
	Bortle sky
	Class
	Respondents
	%

	Excellent dark sky
	1
	0
	0

	Dark sky
	2
	0
	0

	Rural sky
	3
	3
	5

	Rural/suburban transition
	4
	13
	21

	Suburban sky
	5
	13
	21

	Bright surburban sky
	6
	8
	13

	Suburban/inner urban transition
	7
	7
	11

	City sky
	8
	10
	16

	Inner city sky
	9
	9
	14


63 respondents












Number	I don’t know	Over 30 miles	21-30 miles	11-20 miles	6-10 miles	Under 6 miles	I live in a dark sky location	2	24	14	13	8	2	0	Percentage	I don’t know	Over 30 miles	21-30 miles	11-20 miles	6-10 miles	Under 6 miles	I live in a dark sky location	0.03	0.38	0.22	0.21	0.13	0.03	0	



Number	Stellarium - planetarium website	Light pollution map to locate dark sky	Dark sky finder - light pollution app	Dark sky - weather app	Photopills - all round night photography app	Photographer's Ephermeris - to locate Milky Way	38	26	14	6	6	2	Percentage	Stellarium - planetarium website	Light pollution map to locate dark sky	Dark sky finder - light pollution app	Dark sky - weather app	Photopills - all round night photography app	Photographer's Ephermeris - to locate Milky Way	0.6	0.41	0.22	0.1	0.1	0.03	



Number	Yes	Maybe	Don’t know	No	55	5	1	2	Percentage	Yes	Maybe	Don’t know	No	0.83	0.13	0.01	0.03	
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