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ABSTRACT 

 

The overall purpose of the study was to examine the aesthetic impacts of wind farm 

obstruction lighting. The research problems investigated in this study were; aviation safety 

regulations for wind farm obstruction lighting in different countries, obstruction lighting 

technology, and the public attitudes towards wind farming. The research was designed 

taking into account the research problems, questions, and the researcher experience. 

Hence, mixed method approach was employed to collect as much, and as diverse data as 

possible. The sample was drawn focusing wind energy project developers, operators, and 

the owners. Seeking to build a detailed narrative, a web-based survey was conducted to 

gather the thoughts, and opinions of the sample population, in addition, to a thorough 

literature review conducted earlier. The key findings of this study are that the lighting 

system should be efficient to operate in terms of technology with least aesthetic impacts. 

Out-dated wind farm obstruction lighting systems are annoying, and contributes to overall 

aesthetic impacts that triggers nagetive attitudes towards wind farming. In addition, for 

wind farms near any aerodrome, infrared integrated into light emitting diodes obstruction 

lighting have minimal aesthetic impacts. Whereas, the radar-activated obstruction lighting 

is a better choice for wind farms further away from aerodromes. The study argued that 

understanding the affecting components of attitudes would give various stakeholders a 

realistic understanding about attitudes towards wind farming. This study concludes that 

the optimization of lighting angle, intensity, color, and luminance will help reducing 

the aesthetic impacts under the prevailing regulations, and mapping affective 

components of attitudes will help in better understanding the public support towards 

wind farming.  

 

 

 

Keywords: aesthetics impacts, aviation safety protocols, obstruction lighting, public 

attitudes, wind energy technology.  
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CHAPTER 1. INTRODUCTION  

 

Wind farms are required to follow the aviation safety regulations for obstruction lights. 

This is because, obstruction lights are a primary means for visual navigation for air traffic 

(ICAO, 2016). The purpose of obstruction light is to warn the aviator of a hazard during 

low visibility, daytime, and nighttime (FAA, 2015). Application of aviation safety 

regulation for wind farms depends on national procedure. Aesthetic impacts of wind farm 

obstruction lighting can be annoying to the public living nearby (Wiseman, 2015). 

Aesthetic impacts and the public annoyance towards the wind farm obstruction lighting is 

a new issue within wind energy technology research (Rudolph, et al., 2017). According to 

Danish Wind Industry Association (DWIA) aesthetic impacts are difficult to mitigate 

because of difficulty for setting up thresholds involving perceptions, stress, and annoyance 

elements (DWIA, 2016). The wind energy industry is required to deal with the aesthetic 

issues of obstruction lighting. To abide by aviation safety protocol, wind farm operators 

around the world must install obstruction lights at the wind turbine towers exceeding hight 

of fourty-five meter (Perez-Ocon, et al., 2017). Aviation safety regulations that determines 

framwork for the obstruction lights installation varies country to country (Jansson, 2016). 

The obstruction lighting for wind turbines are subject to national transport and safety 

regulations that determines the operational procedure. Recommendations on lighting 

varies depending on terrain, geographic location, and number of towers. Lights must meet 

specified intensities, beam patterns, color, and flash rates. Procedures for obstruction 

lighting  are strictly followed regardless of the wind farm’s proximity to an aerodorm 

(ICAO, 2016). 

 

1.1.BACKGROUND   

According to Global Wind Energy Council (GWEC), at the end of 2016 there were 

341,320 wind turbines around the world generating a total of 486.8 GW. Whereas, 817.0 

GW of wind energy generation is forecasted for the year 2021 (GWEC, 2017). In light of 

this forecast, the total number of wind turbines will almost double just in four years around 
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the world. To capture more consistent winds, turbines are getting taller (Mooney, 2017). 

The overall projected expansion of wind industry, and increase in tower heights foretells 

that issues of obstruction lighting will widespread around the world. Also, the ambitious 

national goals to increase the share of Renewable Energy Technology (RET) have already 

led to a boost in wind energy industry in many countries. Whereas, the social acceptance 

issue remains a potential barrier (Wustenhagen, et al., 2007). For instance, the Swedish 

government signed an agreement on Sweden long-term energy policy. The agreement 

consists of a common road map for a controlled transition to an entirely renewable 

electricity system, with a target of hundred percent renewable electricity production by 

2040  (Swedish Wind Energy, 2016). Considering the increasing number of wind farms 

set up each year in Sweden, the new framework provides opportunities for expansion to 

existing wind farms, and establishment of new wind farms. We have environmental and 

social obligations that once fulfilled facilitates the RE targets and eventually the 

sustainable development goals. Regardless of minimal ecological footprint of wind energy 

project in comparison to other source of energies, there remains social and environmental 

issues that require due attention during the development phase as well as the life-cycle of 

the project (Jaber, 2013). Aesthetic impact of wind farms that are regarded as annoyance 

factor to the public can be summarized as, the number of wind turbine generators (WTGs) 

in an open landscape, the tower height, the obstruction lighting, noise, flickering, and 

shadow (Jaber, 2013). Irrespective of the number of WTGs installed at any wind farm, the 

aesthetic impact is one of many issues that considered an annoyance factor to the public 

living near the wind farm (Betakova, et al., 2015). The obstruction lighting mounted on 

the wind turbine tower is an aviation safety protocol, as a navigational aid for aviators to 

avoid any possible accident. Sovereign countries determine their aviation safety 

regulations at national level. Although, these regulations are based on the International 

Civil Aviation Organization (ICAO) standard recommendations, in case of wind farms the 

regulations differ country to country. Complexity of the wind energy technology, 

regulations that decide framework for the establishment of any wind farm consists many 

stakeholders. Wind farm obstruction lighting has its own aesthetic impacts. Public 
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concerns living near a wind farm varies depending on their attitudes and behavior towards 

renewables and the landscape (Wolsink, 2007). Public annoyance towards the aesthetic 

impacts of the wind energy technology is an issue that needs a measure to mitigate the 

impact.  

 

1.2. AVIATION SAFETY REGULATION FOR WIND FARMS 

Obstruction lightings for wind farms is mandatory by the aviation safety regulation in 

every country. Active lighting is necessary for aviators to find the hazard and navigate 

through it safely. International Civil Aviation Organization (ICAO) is the international 

entity that sets the parameters. The ICAO Standards and Recommended Practices for 

Aerodromes (SRPA) explicate practices for obstruction lights. According to ICAO (2016) 

there is a set of parameters that distinguishes standard lights, that are intensity, beam 

pattern, color, and the flash rates of the lights. Obstruction lights are of three main 

categories, namely low, medium, and high intensity. These lights are sub-categorized 

based on luminous intensity, candelas (cd) being a measuring unit. A low intensity 

obstruction light is recommended for structure with height lower than forty-five meters. 

Whereas, Type A (fixed-red light with 1 of 10 cd) and Type B (fixed-red light with 32 cd) 

are the sub-categorize of low intensity obstruction lights. Medium intensity obstruction 

lights for structure with height above forty-five meters. Whereas, Type A (a white color 

flashing lights with intensity of 20,000 cd during daytime, 2,000 cd during nighttime), 

Type B (red color flashing lights with least intensity of 2,000 cd) and Type C (a red color 

fixed lights with intensity of 2,000 cd) are the sub-categories of medium intensity 

obstruction lights. A high intensity obstruction light is recommended for a structure-height 

exceeding hundred-fifty meter. Whereas, Type A (a white color flashing lights, with least 

intensity of 200,000 cd during daytime, 20,000 cd during twilight and 2,000 cd during 

nighttime) and Type B (a white color flashing lights, with minimum intensity of 100,000 

cd during daytime, 20,000 cd during twilight and 2,000 cd during nighttime) are the sub-

categories of high intensity obstruction lights (ICAO, 2016).  
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Looking back into the obstruction lighting situation in the United States, how it evolved 

by the wind industry expansion. We see a lot similar development in other countries. For 

instance, in the United States where the lighting concept for illuminating the wind farms 

was based on lighting recommendations for illuminating infrastructure namely radio 

towers and bridge. However, there have been a tremendous growth in wind energy sector 

that surfaced in last years, under the national energy mandate for RE development by 2020 

(Patterson, 2005). Hundreds of wind farms considered obstructions to air navigation. 

According to aviation safety protocols, all high-rise structures are considered obstruction 

and they must be illuminated for aviators to identify and avoid them. To investigate state 

of lighting used for wind turbines, Federal Aviation Administration (FAA) deployed a 

team of researchers to inspect various wind farms and investigated the related 

technological, aesthetic, and social aspects. Following the investigation, FAA proposed 

the lighting concept for wind farms, including the use of red flashing lights per tower, 

encircling the wind farm for night-time and recommended lighter coloring for turbine to 

avoid illuminating at day-time. They were tested during obstruction avoidance experiment 

that was conducted in Lawton, Oklahoma to confirm and validate the proposed obstruction 

lighting design for wind turbines. To further explicate practices under the aviation safety 

regulations at national level, in contrast to the ICAO standards for wind farms. Majority 

of countries follows ICAO obstruction lighting parameters distinguished by intensity, 

beam pattern, color, and the flash rates of the lights. Although, countries follow same 

parameters, the practical application of which is sometimes different.  

 

1.3. OBSTRUCTION LIGHTING TECHNOLOGY  

Installing a wind turbine needs a permit based on the risk assessment by air traffic service 

provider. This depend on the height of wind turbines and location of the wind farm. The 

Light Emitting Diode (LED) is the most common type of lighting technology used 

globally (Perez-Ocon, et al., 2017). However, aviators with their Night Vision Goggles 

(NVG) equipment cannot see the LEDs mounted on wind turbine towers. This makes the 

Infrared (IR) technology a choice for military and rescue operators. In any given country, 
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the national aviation safety regulations are based on both ICAO standards, and the defense 

forces requirements of that country. Normally, IR is a part to each light unit irrespective 

of the towers position in the wind farm. Two lights on top of the nacelle are recommended, 

because if the light is hidden behind the stalled turbine rotor blade, aviator should always 

have at least top light visible. In some cases, the regulations offer different options that 

are suitable for the environment, and at the same time fulfills the regulation. Irrespective 

of the limitations, there are possibilities available for night-time lighting technology for 

wind turbines exceeding 150 meters in height. These provisions are to limit the aesthetic 

impacts of obstruction lighting, and to mitigate annoyance caused by the lighting to the 

public (Finnish Transport Safety Agency, 2017). 

 

There are unique requirements and demands of obstruction lighting systems for wind 

turbines despite the many challenges that face the industry. For any wind farm industry, it 

is required that it must: be flexible enough to meet the individual needs and requirements 

of the customers, be compacted to allow for the limited available space on a nacelle  

(Rodrigues, et al., 2010) be rugged, particularly to endure the harsh environmental 

conditions, be able to use the advanced technologies and sustainable materials, and be 

highly energy conservative. After this, what follows is the need to have sustainable LED 

technology and optics, proper thermal design while keeping in mind that extremely 

elevated temperatures adversely affects the efficiency and life of LED (Khorsand, et al., 

2015). Thus, the effective design of the thermal sector is vital for obstruction lighting 

success. Other critical requirements are sustainability of the built system, proper 

installation, and a very reliable power backup in case the system fails or pose a technical 

or functional problem. The design requirement for obstruction lighting technology for 

wind turbines is unique. Examining the aviation safety regulations and environmental 

concerns that governs the wind energy industry need a robust lighting solution that is 

effective for aviation safety, community friendly with minimal aesthetic impacts, reliable, 

and cost-effective. In addition to this, the wind turbine has its own concerns, especially 
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about compliance with environmental designs, and advanced energy technologies (Rudolf, 

2012).  

 

The lighting technology is briefed here to further understand the specific lighting 

recommendation, and why one technology is superior than other. For this reason, the study 

draw attention towards the light producing methods. Namely Incandescence and 

luminescence are two methods of producing light. In incandescence, electric current is 

passed through a conductor whose resistance to the passage of current produces heat. The 

greater the heat of the filament, the brighter the light. Whereas, in luminescence, in 

contrast, is the name given to all forms of visible radiant energy due to causes other than 

temperature (Hart, et al., 1999). Light Emitting Diode (LED) first engineered in mid-20th 

century. The general illumination building applications emerged in the early 21st century 

(Krasnov, 2003). The process for lighting production through LED technology is different 

to conventional lighting sources. LEDs emit light through a process called solid-state 

electroluminescence (Justel, et al., 1998). Electroluminescence is an optical and electrical 

phenomenon in which a material emits light in response to the passage of an electric 

current or to a strong electric field. White light is achieved by mixing colored light from 

multiple, single color LEDs (California Lighting Technology Center, 2015). With 

expanding wind energy industry, the need for reliable, effective, and lighting solution that 

has minimal aesthetic impacts is an important concern for both wind farm operators and 

the transport and safety authorities. LED technology is common in the wind energy 

technology sector. In comparison to xenon lighting, LED is considered to be a greener, 

more efficient, and reliable solution in accordance to the specification for aviation safety 

regulations for wind turbine obstruction lighting (Peck, 2013). Infrared obstruction lights 

which is another alternative solution, emit light at various wavelength, so they are 

optionally suited for detection with Night Vision Goggles (NVG) devices. The use of 

NVGs in aviation is growing quickly, especially among military and medical 

helicopter pilots, for their improved sight distance and clarity in identifying obstacles, 

terrain and changing weather conditions. Yet, certain NVG filters block out the light 
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produced by red LEDs, making the lights difficult to detect (Obelux Oy, 2017). The 

IR in combination with red LEDs to optimize visibility of critical obstructions under 

all conditions. The Aircraft Detection Sight Solution (ADSS) is a radar activated 

obstruction lighting system for wind farms. The obstruction lights stay inactive when there 

are no aircraft flying near a wind farm. However, when the radar detects any aircraft near 

the wind farm, it activates the obstruction lighting automatically until the aircraft leaves 

the radar detection parameter of approximately two nautical miles (Laufer, 2014).  

 

1.4. RESEARCH OBJECTIVES AND QUESTIONS 

The study will examine the aesthetic impacts of wind farm obstruction lighting 

technology, the aviation safety regulations in different countries, and the public attitudes 

towards wind farming. The key questions of this research are; 1) How to minimize the 

aesthetic impacts of wind farm obstruction lighting through optimization, and mix of 

technology? and 2) How can mapping affective components of attitudes aid in 

understanding the public support towards wind farming? 

 

1.5. SCOPE OF THE STUDY AND LIMITATIONS 

The study examines the aesthetic impacts of wind farm obstruction lighting. The areas of 

concerns for investigation in this study are; aviation safety regulations for wind farm 

obstruction lighting, the obstruction lighting technology, and the public attitudes towards 

wind farming. Mixed method research is chosen to investigate key concerns, allowing this 

study to utilize diverse techniques to build a detail narrative. To gather thoughts, and 

opinions of the sample population, a web-based survey is used for this study. Small sample 

size due to lack of available contact data, scarce prior research studies on the obstruction 

lighting, and measure used to collect the data, limits the study. 
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1.6. STRUCTURE OF THE REPORT  

The study employs a specific structure to examine the aesthetic impacts, and the issues 

related to wind farm obstruction lighting. Chapter 2 covers a literature review, highlighting 

aspects relevant to this study. Chapter 3 describes the methodological framework for this 

study, whereas, chapter 4 presents the empirical results. Chapter 5 covers the discussion 

and analysis. Finally, the study concludes at Chapter 6.   
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CHAPTER 2. LITERATURE REVIEW 

 

2.1. INTRODUCTION 

The purpose of this literature review is to provide a general overview of wind farm 

obstruction lighting, its aesthetic impacts, and the public attitudes towards the wind 

farming. The chapter particularly looks for various components in relation to the research 

problems in this study. Aesthetics is often a primary reason for public annoyance towards 

wind energy projects. The core of aesthetics is that we experience our surroundings with 

multiple senses. We often develop a strong attachment to our immediate environment. It 

is a common phenomenon that we tend to protect and react emotionally towards wind 

energy projects (Committee on Environmental Impacts of Wind Energy Projects, National 

Research Council, 2007).  

 

2.2. AESTHETIC IMPACTS OF OBSTRUCTION LIGHTING 

Wind farms have varied intensity lighting system to illuminate WTG towers. The 

obstruction lighting on the towers are critical to the safe operation of air traffic, acting as 

a navigational aid for aviators. To abide by the aviation safety regulations for wind 

turbines, wind farms are required to lit obstruction lights. The vertical expansion in WTG 

towers, and the growing number of wind farms around the world urges the need for more 

obstruction lights. This source lighting pollution that has various implications. Numerous 

studies have found that aesthetic impacts of wind farming on the landscape is leading 

concern for public acceptance (Good, 2006; Johansson and Laike, 2007; Aitken, 2010; 

Rodrigues, et al. 2010; Pasqualetti, 2011; Kokologos, et al. 2014; Langer, et al. 2016). 

Pohl, et al. (2012) conducted a study in Germany about the public acceptance, and the 

stress effects of obstruction lighting where the number of obstruction lighting was subject 

to the tower height. Therefore, total number of obstruction lights increases with an 

increase in the wind turbine tower height. They highlighted an increase in the number of 

complaints triggered by the wind farms obstruction lighting. There is an extensive research 

available in the field of wind energy technology, and the environmental concerns that 
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exposes the attitudes, perceptions, opposition, and behavior of public towards the 

renewable energy projects globally. Research on the aesthetic impacts specifically of wind 

farm obstruction lighting is lacking (Rudolph, et al., 2017) and is of importance 

considering expansion in the wind energy technology, and accelerated development in 

many countries around the world. 

 

Rudolph, et al. (2017) in their study explored aesthetic impact of obstruction lighting, 

extent of perceived annoyance and the effectiveness of coping strategies. They conducted 

a web-based survey and interviewed residents living in close proximity to an onshore test 

site for tall wind turbines in a rural area of Østerild in Denmark. In their study, they 

discussed about the public annoyance regarding the changes in sense of place. They argued 

that coping strategies to limit the extent to which public exhibit annoyance towards 

obstruction lighting as well as wind farm in general, is rather an ineffective measure to 

mitigate the issue. Nonetheless, they stressed that, the extent of perceived annoyance is 

determined by the surrounding landscape, as well as the perseverance of bias in planning 

and adaptability. They purport that the perceptions of individuals on varied environmental 

issues are highly influenced by their emotions and values. As it was earlier stated, the 

survey conceptualized on annoyance, perception, behavior, and attitude. As such, the 

temporal and spatial, cultural and social context, and setting influence the perception of 

people about the risks, and the impacts of different environmental, and wind farm 

activities (Rudolph, et al., 2017). Perception and attitude are thus relying on the simplified 

information, utilizing and internalizing heuristics, constructions of risks and impacts, and 

subjective judgments (Kokologos, et al., 2014). In sum, the public perception, and 

attitudes from obstruction lighting, and other environmental behavior are complex 

phenomenon which need thorough investigation. Attitude is, in part, linked to socio-

cultural attachments which are mostly informed by the psychological processes of an 

individual (Johansson & Laike, 2007). According to Jones and Eiser (2010) the local 

opposition to onshore wind development seems to be on the increase. Reed, et al. (2013) 
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stated that top-down planning strategies often utilized by developers are controversial that 

causing public negative attitudes.  

 

Few local authorities in Germany noticed of growing citizen complaints about obstruction 

lighting that were causing stress and annoyance. Given that Pohl, et al. (2012) conducted 

a study to explore if obstruction lighting is a real cause for stress and annoyance. They 

employed environmental, and stress psychology methodologies to analyze the stress 

impact of obstruction lighting. The method applied was, that they carried out semi-

structured interviews with the population living around thirteen wind farms in Germany. 

The chosen approach provided the methodological advantage in the control of the quality 

and the quality of the information received. The other part of those interviews primarily 

focused on the relation between the wind energy acceptance, and the technical issues 

involved. Also, the interview centered on the characteristics of the components of wind 

energy, and the questions of participation opportunities of the society members. They 

found that obstruction markings on wind turbines is not annoying to the sample. They 

reported greater stress effect and annoyance towards wind farms equipped with xenon 

lighting technology than that of LED technology. Thus, xenon lighting technology is 

adversely affecting general acceptance of wind energy projects. They found the 

synchronized navigation lighting technology is less annoying than non-synchronized 

lighting. Whereas, solution for obstruction light intensity adjustment was good. They 

condemn the use of xenon lighting technology. To mitigate stress effect, and increase 

social acceptance of wind energy technology, they recommended synchronized 

obstruction lighting with light intensity adjustment technology (Pohl, et al., 2012).  

 

Mitigating the wind farm aesthetic impacts can be addressed most efficiently during the 

project’s planning stages (Pohl, et al., 2012). Layout and siting are some of the most 

essential factors for the reduction of visual negativity in the project. For onshore resources, 

it is appropriate to site an energy farm as far as possible from the coastal region. However, 

if the facilities are located far away from the shore, they may present economic and 
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physical problems due to increased interconnection distance, navigation hazards, or due 

to deeper water. The layout of the wind farm can influence many aspects of the energy, 

hence proper and timely considerations should be taken before starting up a project. The 

mitigation through layout need to be analyzed on a basis of case by case to reduce the high 

value or concentration of resources. Taking into account the aesthetic impacts of wind 

farm obstruction lighting, and how it can be curtailed even before the project is developed. 

Aitken (2010) suggests comprehensive assessment of the visual impacts that would result 

from the constructed wind energy farms is required to get a better understanding of the 

compatibility with the resources from and landscape of the locality (Aitken, 2010). Ideally, 

the assessment taken is meant to check at a range of uses and resources (Nascimento, et 

al., 2012). Documentation is vital for the process and should include video footage and 

photographs while the cumulative effects should be considered in the places where there 

are many different wind facilities and resources. The developers need to make informed 

planning once they have a substantial understanding of the layout and siting 

considerations.  

 

2.3. AESTHETIC ISSUES OF OBSTRUCTION LIGHTING 

Aesthetics is often a primary reason for public annoyance towards wind energy projects. 

The core of aesthetics is that we experience our surroundings with multiple senses. We 

often develop a strong attachment to our immediate environment. It is a common 

phenomenon that we tend to protect and react emotionally towards wind energy projects 

(Committee on Environmental Impacts of Wind Energy Projects, National Research 

Council, 2007). Setting up wind farm is complex task in many countries. Social support 

towards RE establishment is comparatively stronger in Europe (Wolsink, 2007). Public 

attitudes towards wind power, and attitudes towards wind farming differ, causing a 

misunderstanding about social support. It is difficult to interpret public attitudes as 

complex factors influence them. Aesthetic impacts of wind farming are a central reason 

for supportive/non-supportive attitudes. Waldo (2012) qualitatively analyzed public 

attitudes towards wind farming. She compared increasing local opposition to the 
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expanding wind farms around many countries. She interviewed several stakeholders in 

relation to two planned near-shore wind farms in Sweden. Irrespective of the wind farm 

location, negative attitudes reported were triggered by the aesthetic impacts. According to 

a study conducted at the University of Newcastle explains that when considering the 

aesthetic impacts of wind farms, apart physical visibility of wind farm, human perception 

must be taken into consideration. Perception may enhance or suppress, depending on 

experience, the visual field, attention, background, contrast, and expectation (University 

of Newcastle, 2002).  

 

Scholars argues that aesthetic impacts are shaped by the fact that humans surround 

themselves by experiences of different scenes. Tsoutsos, et al. (2009) stressed that the 

perception of the public on wind energy vary widely from different people. Some people 

view the wind turbines as visually impressive while to others, they are just intrusive 

industrial components (Yuan, et al., 2015). The visual impacts depend on the 

characteristics of the wind energy project, and the context of the landscape. Substantial 

visual impacts come up due to a combination of a range of factors as the scale of the 

project in relation to its setting, duration of the views, the sensitivity, and proximity of the 

views. According to Kokologos, et al. (2014) a well-designed wind project can incorporate 

several techniques for the design and planning so as to minimize the visual impacts. 

Usually proposed wind energy projects evoke many reactions, however, the level of 

acceptance of these projects increases following the construction (Jobert, et al., 2007).  

 

In another study about aesthetic of wind energy project, Betakova, et al. (2015) 

emphasized that visual impact of wind turbines is an essential parameter for public 

acceptance, planning process, and permitting. They further highlighted that the impact 

depends on the number of turbines, and distance at which they are installed. During their 

study for visual impact of the utility scale wind turbines, they highlighted that it depends 

on the aesthetic value of the landscape. Irrespective of the number of turbines, there was 

a larger visual impact on the landscape that is more attractive and consequently attracts a 
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larger public opposition. Whereas, wind turbines in the least attractive landscape have had 

less visual impacts, and better public acceptance level. They proposed visibility zones for 

wind turbine visual impact assessments, that may facilitate better acceptance response, 

and concluded that placement of wind turbines in high aesthetic value landscapes with 

natural character should be avoided (Betakova, et al., 2015).  

 

The research gives a clear understanding to the developer, what to consider while selecting 

wind farm sites to minimize any oppositions at earliest, instead mitigating the impact 

during development phase. Lothian (2008) aiming to quantify the impact of wind farms 

on the perceived scenic quality of landscapes in Australia. He conducted a survey where 

the sample assessed the scenic quality of a photographed landscape in multiple locations, 

where wind farms could be located digitally. He also found that wind farms have a more 

positive effect on lower scenic landscape than that of higher scenic landscape. Hence, the 

wind farms should avoid landscapes of higher perceived scenic quality (Lothian, 2008). 

According to Spiess, et al. (2015) the renewable energies have come to primarily rely on 

the future production of sustainable energy systems. It is, therefore, suitable to have 

acceptance of the energy industry by various groups in a society. This acceptance can be 

increased or improved to the local people by lowering the prices of the energy that is 

generated in the given locality. It is also a way of ensuring that the locally produced energy 

has value for the people. Since there is clear contrast between notable technologies, and 

aesthetics of nature, there is a positive general mentality towards renewable energy and 

wind energy generation technology.  

 

2.4. PUBLIC ATTITUDES TOWARDS WIND ENERGY TECHNOLOGY 

Despite the previous arguments about aesthetic impacts and issues, there are many reasons 

to consider attitudes that forms because of direct impacts. In case of aesthetic impacts of 

wind farm obstruction lighting, formation of attitudes depends on the intensity of the 

impacts. Annoying impacts ignites opposing attitude, whereas, less annoying impacts 

causes to promote positive attitude. According to Hogg and Vaughan (2005, p. 150) an 
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attitude is "an enduring organization of beliefs, feelings, and behavioral tendencies 

towards socially significant objects, groups, events, or symbols" (Hogg & Vaughan, 

2005). Although, there is an extensive as well as remarkable research on attitudes 

conducted over the years, Fazio and Olson (2007) emphasized that a lot is learned, and a 

lot is still unknown about the attitudes. According to them, attitude construct is essential 

to social psychology and understanding human behavior. To an extent attitudes are built 

based on some information.  

 

Over the years, public attitudes towards wind energy were investigated through opinion 

surveys. Krohn and Damborg (1999) while referring to studies (Holdningsundersogelse, 

1993; Breglio, 1995; Gipe, 1995; Omnibus Report, 1995; and Simon, 1996) summed up 

the outcome as, neutral to positive attitudes towards renewable energies. Aesthetic impacts 

of wind energy technology being the key concerns. The contrast of the degree of public 

support depends on the local experience with wind power. While discussing about the 

public attitudes Krohn and Damborg (1999) noted that regardless of the wind farm 

dimensions, there is a higher acceptance rate among people with better knowledge about 

the wind energy technology. Rural population tend to be more positive than those from 

urban dwellings. Comparing public attitudes in areas with wind farms to the areas with no 

wind farms, they suggested that people already exposed to, and have experienced with 

wind farms poses no opposition. They concluded that acceptance level is subject to the 

level of information, hence, better information reduces public resistance (Krohn & 

Damborg, 1999). The importance of understanding the dynamics of public engagement is 

crucial, rather considering public attitudes a barrier to RET development. Also, Devine-

Wright (2007) argued about the need for inter-disciplinary approach to map the social 

beliefs towards renewable technologies, pointing to Wolsink work that reveals aesthetic 

impacts a key concern for public opposition. 

 

Taking into account the aesthetic impacts of obstruction lighting that alone may not be too 

annoying to the public, nonetheless it is perceived annoying when other aesthetic impacts 
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of wind turbine combines together. Another important study about aesthetics explains that 

the average level of annoyance came from the respondents who were not aware that the 

source was from the turbines, and a combination of other sounds. When the respondents 

became aware of the source of the sound, they confirmed that the noise sounded much 

annoying when it was combined with sounds from the road traffic. Research by Walter 

(2014) suggests that there were higher levels of annoyance from the respondents who 

knew that the sound come from a wind turbine, which suggests relations between aesthetic 

and visual signals with annoyance, and wind turbine sound detection. Similarly, the wind 

turbine annoyance was found to be correlated with the type of the surrounding landscape 

and urbanization extend, being able to view turbines from the homes or workplaces 

compared to having non-in the view shed responding negatively both as from the sound 

from the blades of the turbines, and as a general matter and living in the somehow gentle 

terrain versus to the higher landscapes (Pasqualetti, 2011).  

 

Some scholars also argue that a higher level of environmental knowledge does not 

necessarily lead to more positive attitudes (Paco & Lavrador, 2017). It can be said that 

there are multiple factors involved for an attitude to be positive. Review of psychological 

theories explain the public views towards wind farming are influenced by attitude, social 

norms, perceived behavioral control, and personal norm (Huijts, et al., 2012). Whereas, 

Ek (2005) in her study about public, and private attitudes towards greener energy in 

Sweden, explained that there is a positive public attitude towards wind power, however, 

the public still resists to wind farming. She argued that the public attitudes depend on the 

level of education, and knowledge about the wind energy technology. However, according 

to Wood (2000) it is a usual assumption that the informational and normative motives are 

linked to a mechanism that generate attitude change in diverse ways. Individual’s motives 

influence their response towards the campaign (appeals). Whereas, a mix of cognitive and 

affective components involved offers positive or negative attitude. She described issue 

framing as an influence strategy that exploits on multiple attitudes. Where importance and 

relevance is underlined on the consequences of an issue over other. Influence strategies 
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have exploited on the multiple perceptive. People favor the positive actions when refers 

to equal opportunity for all by the influencers (Wood, 2000). When meaning changes, 

attitudes change accordingly, Asch (1940) argued that the aim behind influence is not to 

change the attitudes toward an issue, rather to change the definition, and meaning of the 

issue as perceived. Change in public attitude towards wind farming is evident in many 

cases. Cape Wind farm off Cape Cod, Massachusetts is worth mentioning here. 

Considering debate over the proposed wind farm with two Environmental Impact 

Assessment (EIA). The public understanding of its environmental, economic, and visual 

impacts matured over a period of ten years. Bush and Hoagland (2016) highlighted 

changes in public attitudes during this time by methodically understanding the project 

impacts. While mapping the various stakeholder’s attitudes at Cape Code, they found that 

the project earned good public support later in the debate when the gap between scientific 

and lay knowledge diminished.  

 

Fact that aesthetic impacts of wind farms obstruction lighting is relatively a new field of 

research within wind industry (Rudolph, et al., 2017), the attitudes towards obstruction 

lighting are not well explored yet. However, wider perspective can be reached through 

studies about aesthetic impact of wind farming. Warren and McFadyen (2010) in their 

study about attitudes towards wind energy projects in southwest Scotland, compared the 

attitudes of people. They compared public attitude towards wind energy projects, in a 

situation where the wind farms are community owned, to the wind farms owned by various 

developers. They found no significant difference. Although, their results make up of 

various elements they examined, the most significant concerns about wind farms noted by 

them was aesthetic impact, a positive perception. They highlighted the value of 

community ownership while arguing about the positive attitudes. Whereas, Stigka, et al. 

(2014) conducted qualitative research on the preferences, attitudes, and perception of the 

use of new energy technologies. They also tried to find the reasons behind change in public 

attitude, perceptions, and behaviors. Demski (2011) argued that there is always a minor 

community member (opponents and proponents) whose attitudes are grim, and 
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unpredictable. She emphasized the need to focus the attitudes at micro level, positive as 

well as negative. Furthering her argument, she examined the factors, motives behind 

positive as well as negative attitudes. She recommended the need for monitoring attitudes 

over a longer period, and to document changes in attitudes for detailed examination. In 

fact, mapping the changes in attitude will provide a better understanding. 

 

In continuation, Kaldellis (2005) highlighted the need to educate the public about wind 

energy regardless of positive public attitudes. He argued that the wind energy development 

projects must not come as an object of surprise to the community, since fast development 

do create opposition. In addition to actual attitudes, people may have desired attitudes, 

DeMarree, et al. (2017) explored if the desired attitudes motivate outcomes over the 

effects of actual attitudes. While discussing attitudes, persuasion, motivated reasoning, 

and goal pursuits, DeMarree, et al. (2017) explained that people tend to reevaluate their 

decisions that differ from their actual evaluation. Although, numerous research has shown 

that people tends to maintain their attitudes, DeMarree, et al. (2017) argued that 

maintaining attitudes contradicts the potential for human growth and change. Furthermore, 

they argued that people not always act and think according to their attitudes. They also 

can sometimes act in opposition to the attitudes they endorse (DeMarree, et al., 2017).  

 

Public attitudes towards renewables are different than that of wind farming. The 

development of attitude was based on mass campaigns for the promotion of RETs, but not 

at grass root level. For instance, the national targets set up by various countries for the 

establishment of Renewable Energy Technologies to combat the climate change, and to 

preserve the degrading environment world over. Numerous literature (e.g., Ek, 2005; 

Kaldellis, 2005; Patterson, 2005; Jones & Eiser 2009; Graham, et al 2009; Aitken, 2010; 

Bidwell, 2013; Hall, et al. 2013; Kokologos, et al. 2014; Stigka, et al. 2014; Walker, et al. 

2014; Spiess, et al. 2015; Khorsand, et al. 2015; Yuan, et al. 2015) reported that countries 

have set future goals for promotion and development of RETs. According to Langer et al 

(2016) with the increasing global population and current environmental concerns, there is 
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an immense development in RETs. Whereas, public acceptance is crucial for the 

development to take place (Huijts, et al., 2012). Some studies also noted about the positive 

public attitude towards renewable technology, but a different public attitude towards wind 

farming. With these facts in hand, it can be perceived that RETs development is influenced 

by the climate change campaign.  

 

Given that, for the sake of explanation, this study considers the campaign for climate 

change as a ‘fear appeal’ by the authorities. Higbee (1969) interpreted fear appeal as a 

persuasive communication to scare people by describing the terrible things that may 

happen to them if they do not abide by the recommendations. In response to the climate 

change campaign (fear appeal), we have seen a very positive public response (attitudes) 

towards RETs. Whereas, the probability of a threat occurrence (the climate change) and 

the effectiveness of a coping response (public and private measures) both positively 

affected on intentions (public attitudes) to adopt the recommendations. Furthermore, our 

believes on our ability to succeed (our level of education, and first-hand knowledge about 

the issues) directly influence our intentions based on a precaution, and a hyper-

defensiveness strategy (Maddux & Rogers, 1983).  

 

In other words, promotion of renewable energy as an environmental issue motivated by 

global climate change have constructed positive attitudes, and gathered good public 

support globally. Irrespective of public’s environmental beliefs, public tends to oppose 

renewable energy based on factors such as lack of benefit sharing, aesthetic issues of wind 

farms, and landscape (Olson-Hazboun, et al., 2016). Therefore, it is important to 

emphasize local issues for the establishment of wind energy farms instead focusing solely 

the environmental issue. A broader public support can be attained by invoking locally 

relevant social values. It can be said that the development of renewable energy technology 

is directly linked to the established national goals for renewable sources in different 

countries. Although, we saw a huge debate on attitudes towards wind energy technology, 

personally I believe that, individual attitudes do not represent the public attitudes. It is 
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important to understand the construct of individual attitudes in a simple context that when 

multiplied called a society. The place of individual attitude in each society, and how that 

influence a society. Though, it will not be wrong to say our motives construct our attitudes. 

Whereas, individual insecurities of all kinds in many ways construct motives. Irrespective 

of the level of education of citizens, these motives guide individuals to dominate among 

fellow citizen. Conflicts of various dominance creates opponents and proponents. These 

opponents and proponents, based on the level of their information, knowledge sub-creates 

divisions as they too have motive of their own to consider. As discussed by Lin, et al. 

(2017) development projects normally involves stakeholder dealing with societal 

concerns, through the influence they have over others.  

 

2.5. SOCIAL IMPLICATIONS OF THE WIND FARMING  

This part addresses some of the vital human impacts of wind energy projects in the 

surrounding places or the people inhabiting the areas. These include the probable 

electromagnetic interference with radar, cellular phones, radio, and television 

broadcasting, impacts on human well-being and health, impacts on the cultural resources 

such as recreation, archaeological and historic sites, aesthetic impacts, and the economic 

as well as fiscal impacts. Much that has been discussed on the topic are vantage points of 

either the opponents or the proponents. Also, a few data have been taken on these impacts. 

This paper entirely focusses on the convenient assessment and analysis methods and the 

recommendations that need to be done in the face of uncertainty. The discussed methods 

follow the customary practices and principles. In respect to mapping the aesthetic impacts 

of obstruction lighting, it is important to understand overall impacts that have been well 

studied. For instance, the cultural impacts are often both positive and negative depending 

on the co-purposes for which the project is initiated (Graham, et al., 2009). Benefit sharing 

such as those for community recreation is a norm for many wind energy projects. 

However, they are limited to where the project is built since most projects are located on 

private or government lands (Bidwell, 2013). The recreational assessment methods help 

to identify the best places, and times depending on the sensitivity levels of the things that 
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need to be done. The impacts on archaeological, sacred, and historic sites depend on the 

legislative and guidelines of the sites involved. For instance, good descriptive 

documentation would enable the identification of the particular values involved, and to 

the extent to which the setting contributes to the landscape or structure or in what way 

(Wolsink, 2007). Most places are beginning to develop the methods which can be used to 

review the off-site and on-site impacts of wind energy on historic, archaeological, and 

sacred sites (Carlson, 2000). 

 

The academic literature shows that there are both positive and negative impacts of wind 

farming. The positive impacts include improvement of the quality of air. The negative 

impacts are diffuse since the people who live near the wind farms are affected by shadow 

flickers, and noise from the turbines. Also, the range of fiscal and economic impacts of 

wind energy projects are both positive and negative (Langer, et al., 2016). The impacts 

involve tax credits, subsidies, and monetary incentives that encourage or discourage the 

production of wind energy (Hall, et al., 2013). Since most energy projects are on private 

land, the developer is required to purchase the lease for the particular work and for a 

specified period. There are policies which are meant to protect the parties involved, they 

include the period for lease is 30 years, and option duration of five years, and the public 

disclosure of the wind turbine energy production (Langer, et al., 2016). When assessing 

the fiscal and economic impacts, the core issues that arise include the need for a similarly 

realistic assessment of the revenues that can be expected by the local government, as well 

as the costs that can be incurred in taking them. The economic effects of the wind energy 

facility should be realistic during the construction, and during the project’s lifetime 

(Kerlinger, et al., 2010). There should be a detailed understanding of how the facility can 

affect property values of the surrounding and the possibilities of having fair treatment for 

both the person who owns the land, the party that leases the land, and the occupants and 

owners who are affected but uncompensated by the project implementation. In terms of 

their property, public attitudes towards nearby wind farming are negative, and they blame 

for the loss to the property value. In a study about cost and benefits of wind farm 
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development in England and Wales, Gibbons (2015) stated that real estate prices are 

subject to the aesthetic impacts of wind farms. This does not necessarily depend on the 

proximity to any wind farm or any specific aesthetic impact but to the overall impact 

(Gibbons, 2015). 
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CHAPTER 3. METHODOLOGY AND DATA 

 

3.1. INTRODUCTION 

The purpose of this research is to analyze aesthetic impacts of obstruction lighting 

technology, and reasons for public annoyance. In this regard, this research aims to answer; 

1) How will the wind energy industry benefit through standardization of aviation 

safety regulations? 2) How to minimize the aesthetic impacts of wind farm obstruction 

lighting through optimization and mix of technology? and 3) How can mapping 

affective components of attitudes aid in understanding the public support towards 

wind farming? This chapter employs a specific structure for detailing the methodology. 

Section 3.2 features the research design. Section 3.3 describes the research sample, the 

population from which the sample is drawn, and highlights the sampling strategy. Section 

3.4 provides an overview of the information and data required to answer the research 

question, whereas Section 3.5 explains the methods for data-collection, and the way date 

was collected. Section 3.6 detail the management, organization, and analysis of the data 

to report the empirical results. Section 3.7 outlines the ethical considerations, and 

trustworthiness of research credibility, dependability, and transferability. Potential 

limitations and measure to address these constraints are detailed in section 3.8. Finally, 

section 3.9 summarizes the key facts discussed in this chapter.  

 

Selection of a research approach is made based on the research problem, questions, 

researcher experience, and the audiences for the study. The thesis committee is considered 

as a primary audience, while wind energy industry as a wider audience. Research 

approaches are the strategies, and measures for research that elaborate methods for data 

collection, analysis, and interpretation (Creswell, 2014). As the study aims to critically 

analyze aesthetic impacts of obstruction lighting technology, and reasons behind public 

attitudes. A mixed method research approach is employed for this study which allows 

integration of collected data, and using design that may involve theoretical basis. Mixed 
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method research is a system of investigation which seeks to build a more detailed narrative 

than either approach alone (Creswell, 2014).  

 

3.2. RESEARCH DESIGN 

The research employs a combination of a literature study, and a survey. Initial literature 

review was conducted on obstruction lighting technology, and its aesthetic impacts to 

identify research gaps. A web-based survey questionnaire was distributed to gather 

thoughts and opinions about aesthetic impacts of wind farm obstruction lighting, aviation 

safety regulations, and public attitudes from research sample. Wind energy project 

developers, operators, and the owners were the primary sample, whereas, other industry 

experts considered secondary sample. The survey was designed in a way to endorse the 

sample population perspective based on their personal experience during the lifetime of 

their projects. The survey had two types of questions namely multiple-choice, as well as 

free form response (See Appendix A. Survey Form). Brief survey questionnaire included 

questions about obstruction lighting, wind energy technology in general, and about public 

attitudes towards obstruction lighting. The survey was carried out from Monday 10th of 

April 2017 to Monday 8th of May 2017, for four-week period. Total of 200 survey 

invitations were sent in batches to the sample population in various countries such as 

Australia, Canada, Denmark, Finland, Mexico, Sweden, Turkey, United Kingdom, and 

the United States. The survey invitations sent to the sample were clustered by the country 

of their origin, and by the type of their involvement to wind energy industry. Due to lack 

of contact information about the projects that were or still are developing around the 

world, the hierarchy was established within the sample to keep the responses transparent, 

for instance 1) developers, 2) operators, 3) owners being the primary sample whereas, 4) 

contractors, 5) consultants, and 6) others being the secondary sample. This hierarchy 

processes provided the involvement of survey respondents to the wind energy industry, 

and consequently understanding their opinions based on their experiences in the field. In 

response, 26 survey invitees completed and submitted back the survey questionnaire. The 

overall response rate for survey questionnaire was 13 percent. The survey respondents 
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were from the continent America, Europe, and Australia respectively. Representing as an 

enterprise (large companies), an individual (sole propriters, small and medium 

enterprises), as a professionally associate, and as others. The majority of whom responded 

within the capacity of an operator (N=9), developer (N=6), owners (N=4), consultants 

(N=3), contractors (N=2), as well as other (N=2). The response gathered through survey 

questionnaire was analyzed and discussed qualitatively.  

 

3.3. RESEARCH SAMPLE 

It is advisable for researchers to wisely target the population whose thoughts and opinions 

are required, and a strategy to derive a sample among this population (Bhattacherjee, 

2012). Wind energy project developers, operators, and the owners were defined as the 

primary population, whereas, other industry experts as secondary population. A sample 

was drawn through a chosen population based on the available contact details. The target 

population dispersed geographically, it was thought reasonable to divide them into clusters 

by the country of their origin, and by the type of their involvement to wind energy industry.  

 

3.4. INFORMATION AND DATA REQUIRED FOR THE RESEARCH  

Considering the scope of this study, and to address the research question specific 

information was required. The information collected includes, relevant literature for 

theoretical and contextual information, contact details of the target sample for the survey 

for perceptual and demographic information. The goal was to collect as much and as 

diverse data as possible for best insight on the subject matter. 

 

3.5. METHODS FOR INFORMATION AND DATA COLLECTION 

The aim was to collect as much data as possible about aviation safety protocols in different 

countries, obstruction lighting technology, aesthetic impacts, and public attitudes towards 

wind farming. Mainly the data was collected electronically. For literature review, data was 

collected by accessing different scientific journals for latest articles. To create the contact 

list of the sample population, for the survey, data was collected while browsing through 
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various national wind energy associations websites. To authenticate structure, and user-

friendliness of survey questionnaire, a test-run was performed before the distribution of 

the survey/questionnaire. The data gathered from the sample population through the 

survey was used for qualitative analysis. In addition to this, obstruction lighting 

technology producer’s websites were browsed to get acquainted to the field, and gain 

insight about the latest technological trends. Finally, data was also collected in form of 

literature studies from websites of various administrative authorities and agencies 

responsible for aviation safety regulations, environmental permitting, as well as cultural 

and social affair.  

 

A mixed method research approach is selected for this study. Therefore, both the deductive 

and inductive methods were used for data collection. The mixed method research 

combining different techniques for data collection help forming a unique insight into a 

complex social siting that may not possible from either type of data alone. Evident from 

the academic literature databases, use of mixed method approach is common. Comparison 

of which reveals that they are considered mixed because they use different approaches by 

employing two types of research questions, the way research questions are developed, 

their sampling, and data collection procedures, numerical and textual data, thematic 

analysis, objective and subjective conclusion (Tashakkori & Creswell, 2007). Mason 

(2002) termed qualitative research thrilling, when a researcher engages with real, and 

important phenomenon. This provides a framework to explore societial construction, 

contextualizes perceptions, attitudes, behaviors and opinions that matter (Mason, 2002). 

Also, case studies are valuable source for developing knowledge (Weller & Barnes, 2014). 

However, a purposive sampling mode should be applied because random sampling is not 

viable when the number of cases are limited (Seawright & Gerring, 2008). Although, each 

approach has its merits, though, in practice prohibits use of secondary methods. A mixed 

method research is widely recommended in literature on social science research methods 

(Jick, 1979), described as multi-method multi-trait research strategy (Campbell & Fiske, 

1959), also termed as triangulation, defined as a mixture of research methodologies 
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studying similar events (Francis, 1966). Qualitative and quantitative research methods 

complement each other and must not be taken as opposing (Jick, 1979). 

 

3.6. DATA ANALYSIS AND SYNTHESIS 

The responses to the survey were carefully generalized according to the theme of different 

survey questions, demographically, and in relation with the aesthetic impacts of wind farm 

obstruction lighting. Empirical results in chapter 4 was then interpreted in accordance to 

the research questions. Furthermore, the results gathered through survey were later 

interpreted in a conceptual manner, and analyzed thoroughly.  

 

3.7. ETHICAL CONSIDERATIONS AND ISSUES OF TRUSTWORTHINESS 

This study strongly considers the ethical issues. The measures are advised to address such 

issues that may arise during this research (CODEX, 2017). Credibility, dependability, and 

transferability are the keys for the criteria established for evaluating the research 

trustworthiness (Shenton, 2004). To validate the established research design, it is 

important to note that the design integrity of the study relies on logical analysis, and the 

chosen design provides ample grounds for research including, comprehensive data, 

possibility of conducting interviews, surveys and using vigilant observations (European 

Union , 2013).  

 

3.8. LIMITATIONS OF THE STUDY 

This research aims and objectives could have been narrowed to increase the level of focus 

solely on aesthetic impacts of obstruction lighting. However, due to the scarce prior 

scientific studies on aesthetic impacts of obstruction lighting, the aims and objectives for 

this study was formulated broadly. Broader focus on research problem in this study, 

indirectly influenced the timeframe available to complete the project. Given the broader 

scope, this study employed mixed method approach focusing each research problem. This 

broaden the scope for data collection as well. Irrespective of well-established project plan, 

and a well-developed schedule to conduct this research within the available timeframe. 
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Undoubtedly, application of mixed method approach to this research facilitated through 

different means during data collection, selecting the target population, and while drawing 

the research sample, also the web-based survey was conducted for this study. Mix of 

qualitative as well as quantitative methodologies did supplement each other, nevertheless 

the time remained the one of limitation in consideration to the scope of this study. 

 

3.9. CHAPTER SUMMARY 

The key elements this research focuses on are, the aesthetic impacts of obstruction 

lighting, aviation safety regulations, and public attitudes. To accomplish this multi-

dimensional task, mixed method approach is applied for this study. Mixed method 

research is a system of investigation that seeks to build a detailed narrative rather than 

either approach alone. The research design includes a literature studies, literature review 

as well as a web-based survey that was conducted to gather as much insight as possible. 

Total of 200 invitations were sent to the sample to participate in a survey, of which 26 

responded. The research sample was drawn from the targeted population comprising of 

wind farm developers, operators, and the owners from multiple countries. results gathered 

are reported in Chapter 4, and discussed thoroughly in chapter 5. The study broadens its 

scope to supplement the scarce scientific literature on obstruction lighting, and its aesthetic 

impacts. Hence, broadened scope of the overall project within the given timeframe limited 

narrowed focus on obstruction lighting. 
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CHAPTER 4. EMPIRICAL RESULTS 

 

4.1. INTRODUCTION 

The chapter presents the results of the survey conducted (See Appendix A. Survey Form). 

The results from the survey were intended to help better understand, and assess the current 

attitudes and opinions about wind energy technology, specifically the aesthetic impacts 

and issues of obstruction lighting. To understand the obstruction lighting and its impacts, 

it was deemed important to endorse related issue, experienced by the wind energy 

developers, operators, and the owners. Therefore, the study decided to undertake 

survey/questionnaire. Due to the limited rate of response to the survey of 26, the overall 

percentage of sample responded is left-out. The empirical results presented here, provides 

a general introduction to the survey, and finally details key results and observations. 

Question-by-question responses to the survey/questionnaire are also detailed. Personal 

information obtained, including identity of the respondents is kept confidential while 

detailing the responses.  

 

4.2. SURVEY RESULTS   

A brief survey questionnaire was used to endorse the thoughts and opinions of sample 

population namely developers, operators, and owners. The questionnaire was divided into 

three sections. 1) covering the demographics - country of residence, profession of 

respondents. 2) multi choice questions about general trends and public attitudes in 

respondent’s experience through-out the life-cycle of the projects they developed, 

operated and or owned. 3) free form structured questions about aesthetic impacts of 

obstruction lighting in respondent’s experience through-out the life-cycle of the projects 

they developed, operated and or owned. Question-by-question responses to the 

survey/questionnaire are detailed below: 
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Figure 1. Survey Response to Q: Your country of residence 

 

 

Figure 2. Survey Response to Q: I am responding to this survey as 
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Figure 3. Survey Response to Q: Please indicate the role that best describes your 

engagement in the field of wind energy industry. 

 

 

Figure 4. Survey Response to Q: How do you experience the local attitudes to wind energy 

generation? 
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Figure 5. Survey Response to Q: How strong/weak have the community support been 

during the projects you have experienced? 

 

 

Figure 6. Survey Response to Q: What are the most common issues causing annoyance in 

the local community? 
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Figure 7. During wind energy project development and operation, have you experienced 

any of these aesthetic issues in the local community? 

 

 

Figure 8. Survey Response to Q: Which wind turbine obstruction marking, lighting 

technology is good for wind farms? 
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Figure 9. Survey Response to Q: Have you experienced local community objecting against 

the obstruction lighting. Is it about the day-time or night-time lighting that annoys them? 

 

Figure 10. Survey Response to Q: What are the reasons for people to object to obstruction 

lighting? 

0 1 2 3 4 5 6

Daytime lighting often malfunctions causing a…

its just lighting they don't care when it's blinking

mostly night time lighting annoys the public

No

Objections from local community normally…

one issue no one has complained about

rare in our experience

The lighting does not annoy them, Liberals…

They always object until they get some form…

They are more annoyed by the mere existence…

They do in general, never heard from them if…

they object but never heard they do just for…

yes mostly night-time

Have you experienced local community objecting against the 

obstruction lighting. Is it about the day-time or night-time lighting 

that annoys them?

0 1 2 3 4 5 6 7 8 9 10 11

Annoying - too bright

backward thinking, lack of education

because its mounted on a WTG that they do…

don't know has never been an issue

flickering

health issues

human nature to object for something they…

in urban areas it comes to light pollution, in…

Light pollution in rural areas

NA

sharp light

What are the reasons for people to object to obstruction lighting?



35 

 

 

 

 

Figure 11. Survey Response to Q: Have you taken measures to mitigate visual impact, if 

so, what measures have you taken and at which stage? 

 

 

Figure 12. Survey Response to Q: Any other remarks that you wish to endorse 
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CHAPTER 5.  DISCUSSION AND ANALYSIS 

 

5.1. OBJECTIVES AND KEY FINDINGS OF THE STUDY 

The overall objective of this study is to examine the aesthetic impacts of wind farm 

obstruction lighting technology, the aviation safety regulations in different countries, and 

the public attitudes towards wind farming. The key findings of this study are that the 

lighting system should be efficient to operate in terms of technology with least aesthetic 

impacts. Out-dated wind farm obstruction lighting systems are annoying, and contributes 

to overall aesthetic impacts that triggers nagetive attitudes towards wind farming. In 

addition, for wind farms near any aerodrome, infrared integrated into light emitting diodes 

obstruction lighting have minimal aesthetic impacts. Whereas, the radar-activated 

obstruction lighting is a better choice for wind farms further away from aerodromes. 

 

5.2. DISCUSSION ABOUT EMPIRICAL RESULTS 

Majority of survey respondents reported experiencing positive public attitudes during 

project planning, and development, as well as over the lifetime of their wind energy 

projects. Exception to a few who reported experiencing neutral as well as negative public 

attitudes towards wind farming. A substantial number of respondents reported 

experiencing strong to neutral community support during their projects. Respondents 

highlighted various public concerns. Majority of them reported aesthetical issues 

including noise, flicker, landscape as well as other environmental concerns being the 

common cause for annoyance among the local community as key concern raised by local 

community during their projects.  

 

Irrespective of the limited response rate to the survey conducted for this study, the results 

corroborate existing research on the obstruction lighting, and public attitudes towards 

wind energy. Regarding obstruction lighting technology, respondents of the survey 

questionnaire apart endorsing their opinion also highlighted about the community 

perspective on the aesthetic issues, through their project experience in different regions. 
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Majority of survey respondents highlighted the fact that communities in close proximity 

to their projects sites raising issues related to landscape, and obstruction lighting 

corroborate existing research on the obstruction lighting (e.g., Pohl et al, 2014; Rudolph 

et al, 2017). Survey results also highlight that communities living nearby a wind farm were 

concerned about shadow, tower height, and the number of turbines, this support the 

existing research on the visual impact of wind farms (e.g., Betakova et al, 2015). In regard 

to the viable type of obstruction lighting technology for wind farms, most survey 

respondents reported LED technology in accordance to the aviation safety regulations. 

Exception of a few wind farms, many wind farms that were built long time ago have 

updated the lighting technology. Also, it is to be noted that most of the survey respondents 

reported experiencing no community concerns regarding day-time and night-time 

obstruction lighting. According to the survey respondents, communities living near the 

wind farms never objected towards the obstruction lighting. Whereas, some respondents 

reported domino effect, saying obstruction lighting does not annoy the local community, 

however, if they wish to raise concerns they normally counting on factors other than those 

of annoyance. While explicating reasons for public objection towards obstruction lighting, 

few responding highlighted that they have not experienced people objecting to obstruction 

lighting during the lifetime of their project. Considerable number of survey participants, 

highlighted that although people are not annoyed by the obstruction lighting itself, but 

sometime their objection aims towards the brightness, and the flashing of the lights which 

indeed is annoying. Rest of the participants recorded illuminance intensity as a cause for 

public annoyance.  

 

In terms of public attitudes a few comments recorded by the survey respondents explains 

opposing community attitude towards renewables in regions of high value scenic 

landscape such like Wyoming, US residents feel that turbines ruin the very stark 

landscape. They wish to keep it as it was since the first settlers. This also means any 

economic development or progression of the state must be halted at all costs. A massive 

opposition is clear in such areas in many parts of the world, and the furious renewable 
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energy promotional campaigns have not changed public attitudes. Leaving these areas far 

behind the curve in adopting renewable energy. The empirical findings concur with other 

previous studies that show public’s environmental attitudes specifically towards wind 

farming. This is in relation to the studies (e.g., Wolsink, 2007) that explains the difference 

of public attitudes towards renewable energy than that towards wind farming, where 

communities tend to believe a tradeoff for local values. The communities living for 

generations in areas surrounded by scenic landscape, the attitudes are more pessimistic. 

These pessimist attitudes are a fruit of years of miss-trust between such communities and 

authorities, limiting development in many ways. This kind of attitudes are common in 

areas where there is a high value scenic landscape, and supports prior studies (e.g., 

Lothian, 2008; Tsoutsos et al, 2009; Waldo, 2012). It can be said that irrespective of the 

mixed public attitudes towards wind farming, people are concerned about obstruction 

lighting. Sparsely inhabited areas with rich natural resources, and undomesticated 

environment are still a challenge for wind energy industry.  

 

In terms to the lighting solution that can be adjusted for minimal aesthetic impacts, 

industry experts do emphasize use of obstruction lighting that is radar controlled helping 

in areas with majority of opponents. According to survey respondent, one reason of 

negative attitudes in many areas is related to nonexistence of green communities who can 

promote what wind turbines do for the environment. In my opinion, the opposing attitudes 

exists in every community in a democratic world we live at, where strong opponents 

through their opposing attitudes do contribute strong support. Communities that have had 

experienced environmental campaigns are more inclined towards establishment of 

renewable energies in many parts of the world. It was also noted that generally the negative 

attitudes are formed of wider aesthetic concerns instead of merely the obstruction lighting.  

 

Theoretically assessing the aesthetic impacts of wind farming, the public attitudes 

develops through a chain of elements such as landscape, noise pollution, size and number 

of the turbines, their height, and other socio-economic issues that affect the community in 



39 

 

 

 

one way or another. Also, Demski (2011) highlighted that these different elements dictate 

public attitudes that we later interpret into proponents and opponents. The survey findings 

shows that communities are concerned about their immidiate environment. Regardless of 

positive attitudes, aesthetic impacts including the obstruction lighting are annoying, in 

accordance to the survey respondents. It can be seen from survey findings that majority of 

aesthetic impacts have been mitigated by the developers, operators, and/or the owners, in 

a timely manner during the projects development and at later stages.  

 

The survey respondent’s perspective about the community attitudes towards the day-time, 

and night-time obstruction lighting was seen neutral. However, it was noted by the survey 

respondents that aesthetic impacts of obstruction lighting are new to the people, evidence 

of which is also found in the existing study (e.g., Rudolph et al, 2017). There are few cases 

where people raised their voices to the obstruction lighting in addition to other aesthetic 

impacts, therefore, obstruction lighting issue considered a collateral impact. From the 

empirical results, it was evident that the developers, operators, and wind farm owners, 

follows aviation safety regulations. Their choice for obstruction lighting was no-doubt the 

use of LED technology in accordance to their national aviation safety regulations. Older 

wind farms have normally been using the xenon lighting technology which in most case 

have been replaced to sophisticated solutions. Also, majority of respondents were in favor 

of the LED, IR and radar activated lighting, this corroborate previous literature (e.g., 

Rudolf, 2012; Laufer, 2014). Efforts to mitigate the aesthetic impacts of obstruction 

lighting, few survey participants reported mitigating the aesthetic impacts by optimizing 

lighting technology. The survey participants also highlighted key concerns while 

mentioning lighting that can be radar controlled should help in some areas. A few stated 

that green communities like what wind turbines do for the environment, otherwise lack of 

information about wind turbines among communities limits the public acceptance. 
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CHAPTER 6.  CONCLUSIONS 

 

6.1. GENERAL CONCLUSION 

Knowledge that can be drawn from this study is that wind farm obstruction lighting should 

help aviation navigating in the field, and the system should be efficient enough to operate 

in terms of technology with least aesthetic impacts. Unfortunately, many wind farms 

around the world are still using obstruction lighting technology that is outdated and 

annoying. The annoyance that turns public to oppose wind farming. To mitigate public 

annoyance towards obstruction lighting, and in a measure for replacemnet of old 

technology, infraRed equiped within LED with optimized illuminance, would be an 

efficient choice for wind farms. This paper has attempted to throw some light on the 

aesthetic impacts of wind farm obstruction lighting technology, while highlighting the 

element such as the aviation safety regulations, and public attitudes towards the wind 

farming. Based on the empirical results, this study concludes that infrared integrated into 

LED obstruction lighting system will have minimal aesthetic impacts for wind farms 

located near an aerodrome, and the radar-activated obstruction lighting for wind farms 

located further away from aerodromes. Optimization of lighting angle, intensity, color, 

and luminance will also help reducing the aesthetic impacts, and consequently the 

annoyance level.  

 

6.2. FUTURE RESEARCH 

Although this thesis concludes on an important note, it is needed that future studies 

includes quantitative survey and interviews. More advanced studies are recommended in 

order to explore the role of public attitudes towards wind farming. It is desirable that future 

studies target the affecting components of attitudes. This will help reforming attitudes 

towards wind farming. It would be of great value to explore health issues related to 

obstruction lighting. In-depth explorations concerning the aviation safety regulations for 

wind farms, and their connection to wind energy industry, would also be of great interest.  
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APPENDIX A. SURVEY FORM 

 

WIND ENERGY TECHNOLOGY SURVEY 
 

WIND FARM OBSTRUCTION LIGHTING 

AN AVIATION SAFETY PROTOCOL AND ITS AESTHETIC IMPACTS 

 

Image: InfraRed Warning Lighting (Contarnex Europe Limited, 2017)  

 
Your participation is greatly appreciated! 
 
Thank you for taking part in this important survey. Where I will ask for your thoughts and 

opinions to better understands the aesthetic concerns of wind energy technology. This 

survey should only take a few minutes to complete. Be assured that all answers you 

provide will be kept in the strictest confidentiality. Any information obtained will be kept 

strictly confidential and your identity will remain anonymous. 

 

The survey is a part of ongoing research on the aesthetic impacts of the wind farm 

obstruction lighting. If you have any questions please contact: 

 

Umer Qureshi 

E: umer.qureshi@live.co.uk 

C: +358 45 116 7467      Please click NEXT to begin 

mailto:umer.qureshi@live.co.uk
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BACKGROUND INFORMATION 
 

Your country of residence * 
Please select your country of residence 

 

 

Other Country 
If other country - please specify here _______________________________________ 

 

 

I am responding to this survey as: * 
Please check the appropriate box or, where relevant, specify your answer 

 

  □ Individual (individual Contributor, sole proprietor)   

  □ Enterprise (SME, large company) 

  □ Public Administration 

  □ Professional Association 

  □ 

Other_____________________________________________________________ 

 

 

Please indicate the role that best describes your engagement in the field of 

wind energy industry * 
Please check the appropriate box or, where relevant, specify your answer 

  □ Consultant 

   □ Contractor 

   □ Developer 

   □ Operator 

   □ Owner 

   □ Other 
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WIND ENERGY TECHNOLOGY IMPACTS 
These questions are designed to better understand the aesthetic barriers to wind energy 

development. Please scroll down for some initial specific questions and answer from your 

own experience: 

 

 

How do you experience the local attitudes to wind energy generation? * 

Please check the appropriate box or, where relevant, specify your answer 

 

  □ Positive 

  □ Neutral 

  □ Negative 

  □ Not sure 

  □ Other __________________________________________________________ 

 

 

How strong/weak have the community support been during the projects you 

have experienced? * 

Please check the appropriate box or, where relevant, specify your answer 

 

  □ Strong 

  □ Neutral 

  □ Weak 

  □ Not sure 

  □ Other __________________________________________________________ 
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WIND ENERGY TECHNOLOGY IMPACTS 
These questions are designed to better understand the aesthetic barriers to wind energy 

development. Please scroll down for some initial specific questions and answer from your 

own experience: 

 

 

What are the most common issues causing annoyance in the local 

community? * 

Please check the appropriate box or, where relevant, specify your answer 

 

  □ Environmental Issues 

  □ Aesthetic Issues 

  □ Noise/flickering 

  □ Socio-Economic Issues 

  □ Other 

 

During wind energy project development and operation, have you 

experienced any of these aesthetic issues in the local community? * 

Please check the appropriate box or, where relevant, specify your answer 

 

  □ Landscape 

  □ Turbine height 

  □ Number of turbines 

  □ Shadow 

  □ Obstruction lighting 

  □ None 

  □ Other  
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WIND ENERGY TECHNOLOGY IMPACTS 
These questions are designed to better understand the aesthetic barriers to wind energy 

development. Please scroll down for some initial specific questions and answer from your 

own experience: 

 

 

Which wind turbine obstruction marking, lighting technology is good for 

wind farms? * 

Please specify with a short answer 

 

_____________________________________________________________________ 

_____________________________________________________________________ 

_____________________________________________________________________ 

_____________________________________________________________________ 
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OBSTRUCTION LIGHTING AESTHETIC ISSUES 
These questions are designed to better understand the aesthetic barriers to wind energy 

development. Please scroll down for some initial specific questions and answer from your 

own experience: 

 

 

Have you experienced local community objecting against the obstruction 

lighting? Is it about the day-time or night-time lighting that annoys them? 

* Please specify with a short answer 

 

_____________________________________________________________________ 

_____________________________________________________________________ 

_____________________________________________________________________ 

_____________________________________________________________________ 

 

 

What are the reasons for people to object to obstruction lighting? * 
Please specify with a short answer 

 

_____________________________________________________________________ 

_____________________________________________________________________ 

_____________________________________________________________________ 

_____________________________________________________________________ 

 

 

Have you taken measures to mitigate visual impact, if so, what measures 

have you taken and at which stage? * 

Please specify with a short answer 

 

_____________________________________________________________________ 

_____________________________________________________________________ 

_____________________________________________________________________ 

_____________________________________________________________________ 
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OBSTRUCTION LIGHTING AESTHETIC ISSUES 
These questions are designed to better understand the aesthetic barriers to wind energy 

development. Please scroll down for some initial specific questions and answer from your 

own experience: 

 

 

Do you see a change in local community opposition towards wind farm 

obstruction lighting, is it negative or positive? * 

Please specify with a short answer 

 

_____________________________________________________________________ 

_____________________________________________________________________ 

_____________________________________________________________________

_____________________________________________________________________ 

 

 

Any other remarks that you wish to endorse 

Please let me know if you would like to add something 

 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 
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INTERVIEW REQUEST 
Although, you have endorsed your comments, as an industry expert you may have a lot 

more to say. 

 

 

Would you be willing to answer a few questions about obstruction lighting 

through email? * 

A free form email interview comprising of few questions that you can answer at your 

convenience. Please let me know. 

 

  □ Yes 

  □ No 

 

 

CONTACT INFORMATION 
Please leave your contact details below 

 

 

Name  

 

Company  

 

Contact Number  

 

Email * 

 

THANK YOU FOR YOUR COOPERATION 
You have now successfully completed the survey. Please feel free to recommend this 

survey to your colleagues, friend, and the industry members that you may find relevant. 

Please click the SUBMIT button below. 

=============================================================== 


