i speclines

eeco8®

i ifucation.
Designers Lighting Forum — 3/12/2019
Starving for Darkness:
How Exterior Lighting Atfects Our Wildlife

Jane Slade, Specification Sales Manager, Speclines

. leducation.org



L =)

*oa
B & 8

&
=
L
L
L

&ﬂ
[
L

e ®

ucation.

Credit(s) earned on completion of
this course will be reported to

for AIA members. Certificates of
Completion for both AIA members
and non-AlA members are available
upon request.

This course is registered with

for continuing professional
education. As such, it does not
include content that may be deemed
or construed to be an approval or
endorsement by the AIA of any

material of construction or any
method or manner of

handling, using, distributing, or
dealing in any material or product.

Questions related to specific materials, methods, and
services will be addressed at the conclusion of this
presentation.
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Course Description

Since the industrial revolution and the invention
of the electric light bulb, the natural ecosystems
of the Earth spend more and more time bathed
in artificial light within a 24 hour cycle.

How does the artificial light and lack of darkness
impact wildlife? How does the obstruction of the
night’s sky affect bird migration and whale
migration?

Much of the study of light and health has been
dedicated to the impact of light upon humans,
however animals and plants are also intrinsically
photosensitive and subject to the unwanted
effects of stray light.

How can a rethinking of design and codes
alleviate some of these harmful effects?

leducation.org
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Learning
Objectives

At the end of the this course, participants will be able to

1. To identify exterior lighting conditions that can be harmful to wildlife.
2. To look at existing case studies and projects that have caused harm to wildlife.

3. To understand existing lighting regulations and how these both support wildlife, and what can be
done to improve existing standards.

4. To look at existing case studies and projects that have been designed for the wellbeing of wildlife
habitats and the environment.
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Copyright Materials

This presentation is protected by US and International Copyright laws.
Reproduction, distribution, display and use of the presentation without written
permission of the speaker is prohibited.
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1. "Light Pollution.” Lighting Research Center. Rensselaer Polytechnic Institute, February 2007. Web. 9 February 2016.



Skyglow

“Brightening of the sky caused by outdoor lighting and natural atmospheric and celestial factors.”?

2. “Light Pollution.” Lighting Research Center. Rensselaer Polytechnic Institute, February 2007. Web. 9 February 2016.
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Glare

"Excessive brightness that causes visual discomfort and decreases visibility.”3
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3. Fighting Light Pollution: Smart Lighting Solutiqﬁs for Individuals. fn.munities. Mechanicsburg, PA: Stackpole Books; 2012. Page 4.
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The Mechanics of Light Pollution

The air, seemingly invisible, is filled with soft particulate.

These particles serve as trillions of tiny little mirrors, re-reflecting light from the
original light sources.

This re-reflection creates clouds of light that obstruct darkness, the natural rhythm of
light, and the night's sky.

leducation.org



5. Model Lighting Ordinance. (n.d.). Retrieved March 27, 2018, from http://www.darksky.org/our-work/public-policy/mlo/. User's Guide, Page 4.
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Solastalgia ( /sola'steeldza/) is a neologism that describes a form of psychic or
existential distress caused by environmental change, such as mining or climate change.
Coined by philosopher Glenn Albrecht in 2003, it was formed from a combination of the
Latin word sdlacium (comfort) and the Greek root -algia (pain).®

6. Solastalgia. (2017, September 12). In Wikipedia, The Free Encyclopedia. Retrieved 00:48, February 12, 2018, from
https://en.wikipedia.org/w/index.php?title=Solastalgia&oldid=800200969
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...revealing constantly changing data about the time, season, location, direction,
and the earth’s atmospheric conditions.
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How does exterior lighting affect wildlife?
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"All animals, not just humans, depend on a regular interval of daylight and darkness for
proper functioning of behavioral, reproductive, and immune systems.”

7. Fighting Light Pollution: Smart Lighting Solutions for Individuals and Communities. Mechanicsburg, PA: Stackpole Books; 2012. Page 25.
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Indirect Effects of Light Pollution on Wildlife

“The delicate balance of interspecies interaction can be upset when outdoor
lighting artificially extends the length of daylight."8

8. Fighting Light Pollution: Smart Lighting Solutions for Individuals and Communities. Mechanicsburg, PA: Stackpole Books; 2012. Page 26.

leducation.org



Nocturnality

Around 70% of Mammals are Nocturnal

Photoreceptors and hormones are
different across species
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How exterior lighting affects specific species:

e Fireflies

* Bees

« Monarch Butterflies
« Dung Beetles

* Bats

« Whales

e Birds

« Zooplankton
 Trees
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Insects

According to Naturalist E. O. Wilson of Harvard University:

If all mankind were to disappear, the world would regenerate back to
the rich state of equilibrium that existed ten thousand years ago.

If insects were to vanish, the environment would collapse into chaos.

leducation.org
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Fireflies and Human Impact

 There are over 2000 species of fireflies?
« Fireflies inhabit every continent except Antarctica

« One study showed a 50% decrease in Firefly flashes in the presence of light'®

ﬂ

* The broader spectrum of LED lights compared to High: #’ressure Sodium may
increase disruption in communication S

9. Fireflies Need the Dark to Talk with Light. (2017, July 26). Retrieved March 25, 2018, from
10. Costin, K. J., & Boulton, A. M. (2016). A Field Experiment on the Effect of Introduced Lig ol
The Coleopterists Bulletin, 70(1), 84-86. doi:10.1649/072.070.0110 s



(1111

ucation.

Pollination and Insects

Vital for plant and crop reproduction




Most Common Pollinators

Bees

Wasps

Moths

V)
D
9—

| -

)
+=
+—

)
o

Flies

Beetles



Bees

B :
@cies are nocturnal
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11. 3 Insects Affected by Light Pollution. (2017, February 14). Retrieved March 25, 2018, from http://www.darksky.org/3-insects-affected-by-light-pollution/
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If the bee disappeared off the surface of the globe, then man would have only four
years of life left.

No more bees, no more pollination, no more plants, no more animals, no more man.

-Albert Einstein

leducation.org
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are hardwired to return their
eomagnetic forces as guides’3

nals from sunlight and

at to

« Artificial light mes at
they fly long distances’

12. Dell'Amore, C. (2014 hi26, 2018, from

https://news.nationalgeq % t-migration-nation/
13. : n; B

Buglife - The Invertebrate Conservation Trust. Page 14.
14
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Bruge:White, C., & Sh. 2014). A review of the i ifi Totton: E |
i re, y ch}26, 2018, from
http na i ‘ ent-migration-nation/
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Impacts of Exterior Lighting on Pollination

In one study?, lit meadows as compared to unlit meadows:

- Received 62% less visits by nocturnal insects

- Had 29% fewer pollinating insects

- Bore 13% less fruits in the plant studied,
cabbage thistle 3

15. Knop, E., Zoller, L, Ryser, R., Gerpe, C., Horler, M., & Fontaine, C. (2017). Artificial light at night as a new threat to pollination. Nature. doi:10.1038/nature23288
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« Both predators and prey alter their behavior based on the natural cycles of moonlight?°

e Artificial light interferes with this complex relationship?’

« Street lighting potentially creates temporary blindness in animals, decreasing their
defenses of being struck by vehicles??

20. Rich, C., & Longcore, T. (2013). Ecological Consequences of Artificial Night Lighting. Washington: Island Press. Page 28.
21. Ibid

22. |bid. Page 32.

leducation.org



Bats

» 900 Diffegent Species
. 100%§e nocturnal

| * They are the only flying mamm
- s yTying % Y

. Helpto control insect populations
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“The habit of feeding at artificial lights is now so common and widespread among
bats that it must be considered part of the normal life habit of many species."

23. Rich, C., & Longcore, T. (2013). Ecological Consequences of Artificial Night Lighting. Washington: Island Press. Page 43.
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Humpback Whale Migration

« Whales migrate over many thousands of miles of open ocean

————— -

- The waters have strong currents and unpredictable turbulence
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@ <Scpt. 14

@ Sept. 14-29

@ Sept. 29-Oct. 12

@ Oct. 12-26

2 O Oct. 26-Nov. 8
4 @ Nov.8-Nov. 22

@® Nov.22-Dec. 6

@ Dec.6-19

O Dec. 19-Jan. 2

O Oct.26-Nov. 8
4 O Nov. 8-Nov. 22

% ® Nov, 22-Dec. 6

@ Dec.6-19

O Dec. 19-Jan. 2

Migration Patterns

@ Jan.2-16 @ Jan. 2-16
O Jan. 16-30 QO Jan. 16-30
@ Jan. 29-Feb. 12 @ Jan. 29-Feb, 12

Q > Feb.12 © >Feb.12

« Humpback whale migration never deviated more
than 5 degrees off course

« Often not more than 1 degree?®

26. Horton, T. W., Holdaway, R. N., Zerbini, A. N., Hauser, N., Garrigue, C., Andriolo, A., & Clapham, P. J. :
(2011). Straight as an arrow: Humpback whales swim constant course tracks during long-distance in . 7 . ® <Sept. 23
migration. Biology Letters, 7(5), 674-679. doi:10.1098/rsbl.2011.0279 & : i SRRl o Scp23-0ct6

© Oct. 7-Oct. 20

@ >0c.20

Photo 2



27. Horton, T. W., Holdaway, R. N., Zerbini, A. N., Hauser, N., Garrlgue C., Andriolo, A, &Clapham P.J. (2011) Straight as an arrow: Humpback whales swim constant course
tracks during long-distance migration. Biology Letters, 7(5), 674-679. doi:10.1098/rsbl.2011.0279







1111

. fucation.

=2
L
]

It is estimated that nearly one billion birds die from flying into buildings and
windows in North America every year.

28. St. Fleur, N. (2016, April 7). llluminating the Effects of Light Pollution. The New York Times.

leducation.org
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A non-profit 6'r';cjanizé‘.,'n In Cane;da |
« Created to protect birds from fatal light attraction
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Low Light Levels and Avian Reproduction

“Birds exposed to light at night developed their reproductive system up to one month
earlier, and also moulted earlier, than birds kept under dark nights."??

29. Dominoni, D,, Quetting, M., & Partecke, J. (2013). Artificial light at night advances avian reproductive physiology. Proceedings of the Royal Society B: Biological
Sciences, 280(1756), 20123017-20123017. doi:10.1098/rspb.2012.3017 .
leducation.org



The things we do not see: microorganisms
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« Vertically migrate depending on small shifts in light magnitude

 They avoid the surface of the water during the day due to to predators and UV light3¢

30. Rich, C., & Longcore, T. (2013). Ecological Consequences of Artificial Night Lighting. Washington: Island Press. Page 372.
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31. Rich, C,, & Longcore, T. (2013). Ecological Consequences of Artificial Night Lighting. Washington: Island Press. Page 372.
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Model Lighting Ordinance (MLO), 2011

Created as a joint effort of:

The International Dark-Sky Association (IDA)
The Illuminating Engineering Society of North America (IESNA)

leducation.org
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Model Lighting Ordinance (MLO), 2011

« Loss of the night's sky first began to be noticed in the 1970’s
« Little to no consensus or understanding across lighting practices, laws, and ordinances

« This document is an effort to find consensus among lighting guidelines and to
greatly reduce light pollution

« Offers municipalities a language and strategy for implementing more effective
outdoor lighting

37. Model Lighting Ordinance. (n.d.). Retrieved March 27, 2018, from http://www.darksky.org/our-work/public-policy/mlo/ .
leducation.org
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Model Lighting Ordinance (MLO)

Exterior lighting is organized into five
zones of ambient light levels:

Lighting Zone 0 Lighting Zone 1
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Model Lighting Ordinance (MLO)

Utilizes (3) Lighting Design Methods,
Increasing in complexity:

~ Hardscape Method

MLO Challenges:

« Adoption

« Consistent Results

e Education & Awareness
« Consensus
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Lighting Design
for Birds

Oenanthe oenanthe Northern Wheatear
Sterna paracisaea  me Arctic Temn

Falco amurensis Amur Falcon

PUFfINUS TENUIFOSITIS  memmmmen Short-tailed Shearwater
Philomachus pugnax Ruff

Buteo swainsoni s SiWainson's Hawk Photo 14



Lighting Design for Birds

 Turn off lights during peak migration periods, cloud coverage, and inclement weather...
can be aided with controls.

- Take special precaution when designing for buildings 300 feet or below in height,#°
from facade treatments to other innovations

 Use green and blue wavelengths when possible,4! avoiding ‘white and red wavelengths
that interfere with bird migration4?

40. Standards for Bird-Safe Buildings. (2011, June). San Francisco Planning Department.Retrieved March 26, 2018, from http://sf-planning.org/standards-bird-safe-buildings. Page 25.

41. Ibid. Page 17.
42. Zielinska-Dabkowska, K. M. (2014, November 5). Journey towards light — evolutionary adaptations of humans, flora and fauna. Guidelines for safe and healthy illumination.

Retrieved March 26, 2018, from www.researchgate.net/publication/285056341. Page 274.
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Lighting Design Case Studies
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" Flag staff Arlzona . . : 3
'Successful advocacy for Dark Sky conducted over many years -

. :_.;1958 Clty W|de ordlnance for outdoor I|ght|ng o
2001 Named the world S flrst Internatlonal Dark Sky Place

P First InternationalPark-Sky



Flagstaff, Arizona

Exterior Lighting Utilized High Pressure Sodium and ssure Sodium Sources:

 Light Emissions were around 14 tlmes more dim than Cheyenne In
Wyoming, a city of a similar S|ze43 ¥

vv

agstaff is 8 times smaller

v_\‘. ) 5 \‘ s
4 et - 24 i

- In addition, the radius of light poHutlon arou

than Cheyenne* | :
; - = %, > _'.;\.,\;\ \ :}l
* High Pressure and Low Pressure Sodium fixtt mit: Ilght in warmer <IN 7

»

wavelengths, significantly reducing |mea;a I

43. Flagstaff AZ Images at Night Show Success with Years of Dark Sky Advocacy. (2017, January 20). Retrieved February 11, 2018, from
http://www.darksky.org/flagstaff-az-images-at-night-show-success-with-years-of-dark-sky-advocacy/

44. |bid
: Photo 6



Flagstaff, Arizona
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Awareness — Citizen Science Project
World-wide crowd-sourcing of dark sky data: www.myskyatnight.com

83 measurements: LON (2018) =
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Crater Lake National Park. Oregon
skyglowproject.com
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The Best Prescriptions For Exterior Lighting

 Design for specific applications

« Conduct photometric studies

 Provide the right amount of light: not more, not less

« Use Dark-Sky compliant fixtures/ Shielding

« Utilize warmer CCTs, or SPDs with higher wavelengths
« Utilize controls to limit impact

 Avoid uplighting always

leducation.org
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The Importance of Consensus
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