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Re: 2021 Summer Intern Report: Dark Skies Research and Communication Towers Visual 
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Overview of Internship 

During the summer of 2021, the Land Use Planning Commission (LUPC or the Commission) hosted 

Hannah Bonine as a student intern for 12 weeks. The internship was made possible through 

collaboration with the University of Maine Margaret Chase Smith Government Summer Internship 

Program. Hannah graduated in the spring of 2021 with a master’s degree in public policy and 

management from the Muskie School for Public Service at the University of Southern Maine. 

Over the course of the summer, Hannah was a tremendous help researching two important issues 

related to land use planning and regulation, described in more detail below and in the attached 

report. The internship resulted in a detailed report on lighting regulations and best practices for 

protection of dark skies, and field data that will be useful in evaluating the Commission’s approach 

to reviewing visual impact assessments (VIAs) for communications towers.  

 

Lighting Regulations and Dark Skies Research 

The full report on the lighting regulations and dark skies research is attached to this memo. It 

describes the project, outlines the methodology used, and highlights certain topics the Commission 

http://www.maine.gov/dacf
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may want to consider in any updates to its lighting regulations. At the August 2021 Commission 

meeting, Hannah will present a summary of the methodology and results of this preliminary 

research. 

 

Communication Towers Field Study 

Applications to construct communication towers routinely include a visual impact assessment (VIA) 

providing evidence for whether the proposed tower meets the Commission’s standards on scenic 

character (Chapter 10, Section 10.25,E,1). The Communication Towers Field Study included field 

surveys of the visibility of communication towers to examine agency and applicant practice 

regarding VIAs. This work required:  

• Familiarity with VIA methodology and current LUPC practice for providing guidance to 

applicants who must complete a VIA; 

• Working with planning staff to develop a methodology and select towers to survey in the 

field; 

• Reviewing VIAs for two communication towers permitted in 2015, one in T2 R8 NWP and 

one in Ebeemee Township; and  

• Completing field surveys examining the visibility of the towers. Surveys of two additional 

towers are planned for later this month.  

Presentation of the study at the August Commission meeting will include sample photos and 

observations based on the work completed so far. LUPC staff have found the information generated 

from these initial field surveys to be helpful and plan to pick up where this year’s study left off by 

examining additional permitted communication towers as time and resources allow.  

 

Attachment: 2021 LUPC Internship Dark Skies Report 
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Dark Skies Preliminary Research Project 

By Hannah Bonine, LUPC Summer 2021 Intern 

Introduction 

 The LUPC Summer 2021 internship project included preliminary research on dark skies 

and regulatory approaches used to reduce the impact of night-time lighting. The purpose of the 

research was to provide the Land Use Planning Commission (LUPC or the Commission) and its 

staff with information that can be used for any future updates to its development standards for 

exterior lighting. The current standards, as outlined in Chapter 10, Section 10.25,F,2 (attached), 

are outdated (last updated in 2004), and do not reflect certain measures considered by many, 

including the International Dark Skies Association (IDA) and the Illuminating Engineering 

Society (IES), as best practices for outdoor lighting that reduce light pollution and protect dark 

skies. This report includes:  

• A description of the methodology used to gather information – including a list of people 

interviewed; 

• A dark sky definition, and information about potential benefits of reducing light 

pollution; 

• Information about the International Dark Skies Association, the process they use to 

designate Dark Sky Places, and known efforts to designate places in Maine; and 

• Topics for consideration should the Commission decide to pursue rule changes in the 

future. 

Methodology 

Research for this project consisted of a combination of internet research, familiarization 

with existing LUPC lighting standards and the 2010 State Planning Office Lighting Manual, as 

well as meetings and interviews with interested parties. Interviews were completed with a variety 

of people and perspectives, including: town officials, a development consultant, and non-profit 

staff and volunteers. Two meetings were held jointly by Dark Sky Maine and the Rangeley 

Lakes Heritage Trust, the second of which was attended by stakeholders from across the state, 

some of whom provided individual interviews.  

During the internship, LUPC staff visited the Appalachian Mountain Club’s (AMC) 100 

Mile Wilderness Area in the Moosehead Lake region for an informational meeting covering a 

variety of topics including recent designation of AMC’s properties by the IDA. Attending the 

meeting were several people involved with economic development in the Moosehead Lake 

region, and the setting provided a unique opportunity to learn about potential economic benefits 

occurring from regulation of exterior lighting as well as designation by the IDA. These 

interviews introduced new perspectives and information that could not have been captured solely 

with internet research.  
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Figure 1 outlines the list of stakeholders who were interviewed individually, or who 

discussed this topic with LUPC staff. 

Figure 1: Stakeholder Research Interviews/Discussions 

Name Affiliation Notes 

Jenny Ward, 

Eliza 

Townsend, 

Steve Tatko 

AMC staff 

Jenny Ward is an Alternate Member 

of the Planning Board in Greenville  

Interested in ordinance changes in 

Greenville to protect dark skies; Point 

of contact for AMC Dark Sky Park 

(designated: 2021) 

Kelly Beatty Lighting expert associated with IDA 

(IDA Outreach Committee and 

former board member) 

Knowledgeable about IDA lighting 

best practices; Works with 

communities seeking designation 

from IDA, particularly in New 

England  

Bailey Beers Code Enforcement Officer for the 

Town of Rangeley 

Staff support for ordinance changes 

that include proposed lighting and 

signage rules that are IDA compliant 

Susan Adams Member of Planning Board in the 

Town of Patten; Recreation 

Manager, Elliotsville Foundation 

Interested in ordinance changes to 

protect dark skies; involved in the 

application for the Katahdin Woods 

and Waters National Monument Dark 

Sky Sanctuary (First IDA designation 

in Maine, 2020) 

Terry DeWan Terrence J. DeWan & Associates 

Landscape Architects & Planners 

Has worked on several development 

projects in the Commission’s service 

area 

Early stages of design and 

development of the Big Moose ski 

resort includes plans for exterior 

lighting supportive of dark skies 

protection  

Nancy 

Hathaway 

President, Dark Sky Maine Advocacy organization for the 

preservation of Dark Skies in Maine 

David Miller 

David Stein 

Nancy Perlson 

Rangeley Lakes Heritage Trust Contacted LUPC staff about current 

regulations and potential designation 

of a Dark Skies Reserve 

Donna 

Moreland 

Destination Development Specialist, 

Maine Office of Tourism 

Attended AMC Maine Woods trip, 

resident of Greenville 

Carolann 

Oullettte 

Director, Office of Outdoor 

Recreation, Department of 

Economic and Community 

Development  

Attended AMC Maine Woods trip, 

knowledgeable on rural Maine 

businesses 

Mike 

McClellan 

Operations Manager, North Maine 

Woods 

North Maine Woods recently updated 

lighting fixtures at two gatehouses 
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Ron Hunt, 

Jocelyn 

Hubbel, Bill 

Patterson, 

Rex Turner 

Bureau of Parks and Lands staff Discussed survey findings from the 

update to the State Comprehensive 

Outdoor Recreation Plan (SCORP), 

and current lighting used in state 

parks.  

 

What are Dark Skies? 

Dark skies are free of artificial light, allowing uninhibited views of the night sky. Maine 

is fortunate to have dark skies across a large portion of the state, much of which is the 

unorganized territories. While communities do require lighting to some degree at night, many 

places have excess, and often unnecessary, artificial lighting that causes glare and bleeds 

upwards into the night sky1. Increased development has the potential to erode the quality of dark 

skies in the Commission’s service area over time. 

  The darkness of a sky can be measured using the Bortle Scale, which estimates the 

brightness of celestial features. Created by John E. Bortle and originally published in 2001, the 

scale contains nine classes, which range from pristine dark skies to inner-city skies. Each class is 

based on the number of celestial features that can be seen in the night sky. In areas with a Class 1 

dark sky, the most celestial features can be seen. On the opposite end of the spectrum, essentially 

no celestial features can be identified in a Class 9 sky (Bortle, 2006).  

 

Benefits of Dark Skies and Impacts from Light Pollution 

Benefits 

Dark skies can bring significant economic, health, and environmental benefits. 

Transitioning to efficient lighting fixtures that do not waste energy emitting unnecessary light or 

reducing the amount of time lights are running can result in substantial cost savings over time for 

individuals, businesses, and municipalities. In addition to savings, promoting dark skies can also 

be a draw for visitors to a region. There are few places in the United States that can claim they 

have nearly perfect dark skies, so receiving IDA designations, as AMC and the Katahdin Woods 

and Waters National Monument have done, has the potential to attract visitors from all over. 

Astro-tourism, or tourism involving astronomy and the night sky, can be another reason to visit a 

town or region in the Commission’s service area. For example, interviewees indicated that hotels 

and other commercial rentals are already filling up for the 2024 solar eclipse, as rural Maine is 

projected to be one of the prime viewing locations due to its lack of light pollution. 

 

 
1 In 2010, the State Planning Office drafted a report on Dark Skies for the 124th session of the Maine Legislature.  
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Impacts 

A primary component to outdoor lighting rules that help maintain dark skies is the 

minimization of blue light emitting light sources. The American Medical Association has found 

that excessive exposure to artificial light at night, especially blue light, will disrupt the natural 

circadian rhythm in humans. LED fixtures often used in outdoor lighting, along with electronic 

screens such as televisions and cell phones, emit large amounts of blue light (Kraus, 2016). 

Using a cell phone or watching television late at night can make it more difficult to fall asleep 

because it suppresses melatonin production inside the body. Excessive light generated by 

outdoor fixtures can have the same effect.2 

Similarly, excessive artificial light can negatively impact wildlife and the natural 

environment. Animals that rely on the consistent cycle of light and dark can have difficulty 

distinguishing between artificial light and natural sunlight. This may adversely affect their sleep 

and wake cycles, especially for nocturnal species. Migratory birds and baby sea turtles are two 

examples of animals that suffer if artificial light is present. Both groups are guided by the sun 

and moon, and lights can steer them off course and not allow them to return to a safe habitat. 

Additionally, insects are drawn to light sources. Abundant artificial light makes them more 

vulnerable to predators because their location becomes predictable and they are easily spotted. 

Decreased insect populations can have detrimental effects on all levels of the ecosystem.3 

 

International Dark Sky Association and Designated Dark Sky Places 

The International Dark Sky Association is a non-profit organization advocating for the 

protection of dark skies through published research and educational programming across the 

globe. A large portion of the IDA’s research focuses on use of effective outdoor lighting to 

reduce light pollution. The IDA also created a system for recognizing places that adopt lighting 

ordinances and education programs that support dark sky preservation. This system, known as 

the International Dark Sky Places Program, contains five designation categories, as listed below 

in Figure 2. 

 

 

 

 
2 The IDA website and the State Planning Office discuss potential negative impacts of blue light on human health.  
3 The IDA website and the State Planning Office discuss potential negative impacts of outdoor lighting on wildlife. 

Before considering any updates to the Commission’s current lighting standards, planning staff may consider 

consultation with experts at Inland Fisheries and Wildlife about issues or concerns related to lighting and wildlife 

impacts. 
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Figure 2: International Dark Sky Association (IDA) Place Designation Categories4 

International Dark Sky 

Community 

…Legally organized cities and towns that adopt quality outdoor 

lighting ordinances and undertake efforts to educate residents about 

the importance of dark skies. 

International Dark Sky 

Park 

…Publicly- or privately-owned spaces that are conserved, and which 

implement good outdoor lighting and provide dark sky programs for 

visitors. 

International Dark Sky 

Reserve 

…A dark “core” zone surrounded by a populated periphery where 

policy controls are enacted to protect the darkness of the core. 

International Dark Sky 

Sanctuary 

…The most remote (and often darkest) places in the world whose 

conservation state is most fragile. 

Urban Night Sky Place 

 

…Sites near or surrounded by large urban environs whose planning 

and design actively promote an authentic nighttime experience in the 

midst of significant artificial light at night, and that otherwise do not 

qualify for designation within any other International Dark Sky Places 

category. 

  

 There are currently two places in Maine designated by the IDA as International Dark Sky 

Places. The Katahdin Woods and Waters National Monument (KWWNM) was the first such 

place in Maine and received an International Dark Sky Sanctuary designation in 2020. The 

designated land includes approximately 87,500 acres and is located east of Baxter State Park. As 

the first IDA designated place in Maine, KWWNM boasts some of the darkest skies in the 

eastern United States. Stargazing is a common activity for visitors, and the park hosts astronomy 

programs to educate visitors about the importance and the beauty of dark skies. The Appalachian 

Mountain Club recently received a designation by the IDA of the Maine Woods International 

Dark Sky Park located outside of Greenville. Public education is at the forefront of the park, and 

a “Mountains of Stars”5 program is held at each of the three lodging facilities on the property. 

Some towns in Maine have expressed interest in adopting lighting ordinances that help 

maintain dark skies, both independently and in conjunction with neighboring dark sky 

designation efforts. The town of Mount Desert has implemented such an ordinance. The town of 

Rangeley is in the process of adopting a new lighting ordinance. Interviewees indicated that the 

Patten and Greenville Planning Boards are discussing whether to adopt new, or change existing, 

regulations. A group of advocates in the Rangeley region, led by the Rangeley Lakes Heritage 

Trust, have applied to IDA for a Dark Sky Reserve designation. If successful, the effort in 

Rangeley could potentially be contiguous to the Megantic Dark Skies Preserve located across the 

border in the Canadian Province of Quebec.  

 
4 Definitions from IDA website. 
5 Mountains of Stars is an organization that offers astronomy-based programs throughout New England for people of 

all ages. For more information, visit www.mountainsofstars.org.  
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Updating LUPC Standards for Exterior Lighting: Topics for Consideration 

The current LUPC lighting standards are attached (see: Chapter 10, Section 10.25,F,2), 

and apply to exterior lighting for development requiring a permit. Section 10.25,F,2 regulates 

lighting factors such as: the type of fixture (full cutoff required); wattage of light source; and the 

direction of lighting to minimize impacts on neighboring properties or roadways that could result 

in nuisance or unsafe conditions.  

The IDA maintains a model lighting ordinance, and other outreach materials, capturing 

measures they consider best practices for protection of the night sky. The former Maine State 

Planning Office produced a lighting manual with similar suggestions about regulation of 

lighting. Many of these elements are now incorporated into draft municipal ordinances or under 

active consideration by towns in Maine. Some of the stakeholders consulted during this research 

also expressed interest in, or advocated for, many of these changes.    

 Before the Commission considers any changes to the rules, the planning staff would 

conduct additional research and outreach, particularly considering potential impacts to residential 

and commercial uses in the Commission’s service area. The following list is meant to capture 

takeaways from this preliminary research and describes some of the topics that could be included 

in any update to the lighting standards. 

1. Fully shielded fixtures 

Fully shielded light fixtures are those that direct light downward. These fixtures are 

recommended by IDA and others because they minimize upward light that will negatively 

impact the dark sky. Current LUPC standards use the term “full cutoff” for the required fixture 

type, which is a term being phased out by lighting professionals.6 The Illuminating Engineering 

Society (IES) has more specific standards for lighting fixtures. This system is called the BUG 

standard, which considers backlight, uplight, and glare. Backlight is the amount of light emitted 

behind the fixture. Uplight is the amount of light emitted above the fixture, and glare refers to the 

amount of light observed by oncoming traffic. Rated on a 0-5 scale with 0 being a fixture where 

absolutely no light is emitted above 90 degrees and where 5 is an uncontrolled fixture, the IES 

considers a fully shielded fixture to have a score of U-0 (uplight of 0). BUG measurements 

cannot be taken without a photometric analysis, so the current lighting recommendations are 

simplified by describing fixtures as fully shielded.7  

2. Light Source Output and Color Temperature 

Wattage measures the amount of electricity a light consumes but does not indicate the 

brightness or the output of the bulb. The lighting industry more commonly now uses lumens, 

which measures light output, and kelvin, which measures color temperature.  

 
6 The State Planning Office Lighting Manual, published in 2010, also recommends full cutoff fixtures. 
7 See International Dark Skies Association-Illuminating Engineering Society Model Lighting Ordinance for further 

explanation. Located on IDA website (listed in Sources, below). 
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As previously mentioned, blue light can be harmful to humans and wildlife. The IDA 

recommends installing light fixtures that emit light with a warmer hue. Color Correlated 

Temperature (CCT) measures how warm or cool toned a light is. Measured in degrees Kelvin, 

most light sources will fall between 2000 and 6500 K. Fixtures with a higher CCT rating are 

considered blue light. These fixtures give off bright white light that appears blue to the human 

eye. Conversely, warmer toned light sources will have a lower CCT rating, appearing orange or 

yellow in color. The IDA recommends outdoor lighting have a CCT of 3000K or below. As 

shown in Figure 3, these lights will be warmer in tone.  

 

Figure 3: Color Correlated Temperature (CCT) Scale in Kelvins 
Source: https://www.prolighting.com/blog/2020/06/16/choosing-the-right-color-temperature-for-your-home/ 

 

 

3. Retrofitting Lighting 

To fully satisfy IDA requirements for designation of a dark skies place, a plan must be in 

place to retrofit existing outdoor lighting that may be inconsistent with a newly adopted lighting 

ordinance or policy. In the Model Lighting Ordinance developed by the IDA and the IES, the 

recommendation is to implement a gradual approach to bring fixtures into compliance over time. 

For example, an ordinance could allow a grace period of 10 years, or require a dwelling or 

business to come into compliance when they need to get a permit for change in use, 

improvements, etc.  

Financial incentives can also encourage lighting retrofit on a business or dwelling. Unlike 

a municipality, the LUPC does not have the authority to provide monetary incentives to 

encourage lighting retrofit for dwellings or businesses, or to directly affect infrastructure like 

streetlights, lighting at schools, etc., all of which may already be in place. Additionally, with 

such a large and diverse service area, it is extremely difficult to enforce this type of rule. 

However, it is possible that applicants for designation of a dark skies place in the unorganized 

territories, such as a land trust or economic development organization, could independently 

initiate an incentive program. 

 

 

https://www.prolighting.com/blog/2020/06/16/choosing-the-right-color-temperature-for-your-home/
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4. Temporary Lighting and Other “Exemptions” 

 Section 10.25,F,2,e lists types of lighting that are exempt from LUPC lighting standards. 

The list of exemptions includes temporary lighting such as fairs and events, emergency lights, 

and motion-activated lights. The IDA-IES Model Lighting Ordinance, the Maine State Planning 

Office Lighting Manual, and other municipal ordinances, list other temporary uses that are 

exempt including sports events, seasonal holiday lighting, and construction. There may be other 

uses/activities that occur in the Commission’s service area that may be appropriate to add to the 

list of exemptions; this is an area that would benefit from additional research.  

 

5. Illuminated Signage 

The current LUPC standards for illuminated signage are intended to reduce excess 

lighting and eliminate glare to neighbors and oncoming traffic. However, the IDA has additional 

recommendations for regulating sign lighting design and operation. For example, in accordance 

with IDA recommendations, lights would need to meet output/brightness requirements and be 

turned off one hour after sunset, with use resumed one hour prior to sunrise. Under the IDA 

recommendations, signs should only use one color and have a black background. Additionally, 

the illuminated area of a sign should not be greater than 200 square feet.  

 

6. Use of Diagrams or Illustrations in Lighting Regulations  

Upon reviewing other Municipal ordinances and IDA recommendations, it is clear that 

technical terms related to lighting can cause confusion if not properly explained or defined. 

Because of this, it may be useful to include a section in the lighting rules defining terms such as 

fully shielded fixture, CCT, lumen, and glare. The Maine State Planning Office Lighting Manual 

includes multiple images and diagrams depicting favorable lighting options. These images are 

helpful in explaining the appearance of preferred fixtures. Currently, Section 10.25,F,2 has a 

helpful diagram showing a full cutoff light fixture (this may need to change depending on what 

kind of rule update the Commission considers). The inclusion of additional diagrams may be a 

good way to help explain and illustrate specific provisions. 

 

Next Steps 

 This project produced preliminary research that will be helpful to the Commission and 

LUPC planning staff as they continue to investigate potential updates or changes to the 

Commission’s lighting standards. The information above helps identify specific topics that could 

be addressed in any update. In particular, the Commission should consider updating Section 

10.25,F,2 to reflect current terms used in the industry and certain methods now considered best 

practices for regulating lighting. Additionally, updates to the current lighting standards would 

enable a community or region, such as the Rangeley Region, to apply for designation as a Dark 

Sky Place within the LUPC service area by the International Dark Skies Association.  
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 The LUPC planning staff intend to pick up where this report leaves off and will continue 

to research potential rule changes. However, timing for further action on this project will depend 

on staff workload and other pressing rulemaking initiatives.  
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