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' Radiated.

Skyglow is caused by the downward scatterlng of upward Ilght by air molecules and also
aerosols, mostly water droplets and dust. The longer the path iength through the lowest part of
the atmosphere, the more the scatterlng nght that goes straight up.is mostly reflected, and has
shorter paths through the lower scattering layers. The low angle light.is mostly dlrectly radlated

-and it.is this that causes most of the sky glow WeII away fromthe source.
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Electric Lighting at Night and»i
Human Health =5 4T
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Increased Risk of ’B'reastc:anc_er -




Breast Cancer Incidence Per

O0,000 Women/year (age-adjusted)

Figure 5
Incidence of Breast Cancer in Females by World Region

i ' REGION
US. & North America 86.30
Australia/NZ 71.69

'W. Europe . Temp. S. America 69.14

: . Northern Europe 68.31

' Western Europe 67.35

Micro/Poly 51.73

: Southern Europe 49.51
% Ty Trop. S. America 39.07
Eastern Europe |[sutiyairys:
' 7 R Caribbean 33.50
Southern Africa 31.46

Central America 25.46
Northern Africa 24.99
Western Asia 24.29
Melanesia 23.93
SE.Asia 22.51

S. Central Asia 21.24
Western Africa 19.02

' ' : -8 Eastern Africa 18.56
Japan, 1950s Other F. Asia 17.85

.Jépah (Today)-




Ameri'can Medical Association 2009.

-+ Advocates that all future outdoor lighting beof .
energy efficient desrgns to reduce waste of . =

~energy and production of greenhouse gasses that

~ result from this wasted energy use, and be it
| further . ~

0 Develops and enacts a policy that'supports light
. pollution:reduction efforts and glare reduction .
~_ efforts at both the natlonal and state Ievels and |

| ,be It further -- | |

X Supports that all future streetllghts will be of a
v 'fuIIy shielded design or similar non- glare design.
to improvethe safety of our roadways for all, but
| espe(:lally V|S|on lmpalred and older dnvers



Amerlcan I\/Iedlcal Assoc:|at|on
LED Warnlng — Issued June 14 2016

Covers Envwonmental Effects of nght |
Emlttl_ng Dlo_de(LED) C‘om_m_'unlty Lighting
 AMA encoUrages the.use of 3000K color temper'at”ure orflower
Ilghtlng for outdoor |nstallat|ons (I|m|t blue Ilght)

E AII LED Ilghtlng should be properly shlelded to m|n|m|ze glare |
and detrlmental human and enwronmental effects ’

| ConS|derat|on should be glven to dlmmlng LED Ilghtlng for off-
: peak time perlods g . .

http://d ar,k.s_ky.o.r'g/arﬁ a{rep"ort'-aff'i'rms--.h'u'm an-h‘ealth-im_pacts-f_rom-le'd s/



AMA 2016 Research Paper on LED Lrghtrng
__was Go- authored by Travrs Longcore ]

Ecologrcal Lonsequences
1. Artifigial T\rghll ighling

B by
Catherne Rach = Traves Longcore




Implementlng Good
nght Pollutlon Controls
Contrlbutes to Improvmg

Energy Conservatlon -
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Energy



Energy Consumed by End User
~_Outdoor._L'igh-tjn~g =6%

COffice Equipment

2%

Ventilation
10%




Energy Waste

-Generatron of one KWh of electrlc:lty creates 1 34¢ p
pounds of carbon d|0X|de waste (COZ) |

o nghtlng the £14% Wlth wasted upllght creates 14. 7
m|II|on tons of COZ annuaIIy | .

| Coal needed to generate the Wasted Ilght Would
be about 3.6 mlllron tons of per vear e




“Outdoor Lighting Recommended Practices

" No Charge

No Charge - - $60

ENGINEERING SOCIETY

Lighting for
Exterior Environments

NATIONAL DABKFKY
PARK JOINT IDA- IES
SERVICE MODEL
m LIGHTING
Be = ORDINANCE
(MLO)
R

with USER’S GUIDE

June 15, 2011

Natural Sounds R_P—:33'Lighting i Model
-and Night Skles .'forThe'EXteriO'r‘ [ Lighting
j DIVISIOI’] e Envwonment /= Ordinance

Both at IIIumlnatlng Engineering
‘Society Bookstore at |SSHOJNE



A
Rt

Best Practices

for Night Skies
Light only WHERE & WHEN to the Minimum Level Needed
Shield — Point Downward — Consider Dimmer & Timer

| _https:llwww.hpslgO\//sUbjebts/nig’htski"e's'/pfactic'es;htr'h



Wilderness Valué of Night Skies .~

) “Dark nlght skles are a W|Iderness characterlstlc” o

-\ smgle glarlng Ilght can reel back those
| seeklng solltude or communlon W|th nature

| nr_l:,) //www nr)) JOV/)JOJ cta/nun;), eS /wﬂclerre

.ntm



-« NightSkie"s as' a Public ReSOurce- 7

As a Resource of Nature
Natural darkness essentral for W|IdI|fe

'Nearly__S,O% of s-p_e_cies are.nocturnal ¢

As a. CuIturaI Resource

. a8 The same dark and starry sky has evoked
i) “countless myths, art I|terature and musrc trom‘
% cuItures around the vvorld -

As an Economlc Resource
AstronomrcaI/OptlcaI Research

~»  Amateur Stargazrng 0‘
-+ Wilderness Camping ‘ ~

| https //www nps gov/subjects/n|ghtsk|es/resources htm -



ML O an d RP-33 B ot h. |
Use 5 L'thlﬂg Zones' o

LIGHTING
ORDINANCE

(MLO)

2 | with USER’S GUIDE

+ ILZ-0 - no ambient light
. Nature preserves parks trarIs
. s 2 acre srngle famrly resrdentlal
o M - loW ambient Irght
- AII other single famlly resrdentlal
F Srngle stand anne smaII busrness
. - moderate (some) ambrent Irght

e Concentrated commerC|aI downtown str|p
e Parkrng Iot for maIIs or Iarge apartment complex



Lrghtrng Zones
| Connnued

“o T - moderately hrgh ambrent Irght
e Concentrated commercral drstrrct e
. Major Clty urban core busrness d|striCt

. Applres mostly to street front settrngs
LZ-4 - extremely hrgh amblent Ilght
X Rare Trmes Square Las Vegas Strlp '

LZ- 3 and LZ 4Amb|ent Lrght are usuaIIy |

~limited to areas tangent to the street and
| srdewalk where ambrent Ilght exrsts

MODEL

LIGHTING
ORDINANCE
(MLO)

2 | with USER’S GUIDE




BUG Ratlngs now.included as

part of Luminaire Manufacturer’ S BUG
Photometrics — easy to check | RATING
LED Lamp Detalils Bl-LO-C

LED = Philips Lumileds Luxeon R, CRI = 70, CCT = 4000K (+/- 350K)
DELIVERED |  SYSTEM CURRENT | CURRENT | CURRENT | CURRENT |CURRENT HID EFFICACY RATING|  BUG

System (LED + driver) rated life = 100,000 hrs
LAMP LUMENS [WATTAGE? (W)| @ 120V (A) | @208V (A) | @ 240V (A) | @ 277V (A) EQUIVALENT? (LM/W) RATIN |
35W32LED4K-R-LE2 ] ] ] . 70-100 ; BI-U0-d EI | _Il_ll I:] G |
35W3I2LED4K-R-LE3 . X X . 70-100 : BI-UO-GI
35W3I2LED4K-R-LE4 . X X . 70-100 : BI-UO-GI

35W32LED4K-R-LES . 3 3 b 70 -100 : B2-UO-CI
55W32LED4K-R-LE2 : k k X 100 - 150 b BI-UO-GI EE_ | | I::I - ‘ . |
55W32LED4K-R-LE3 : k . X 100 - 150 b BI-UO-GI

55W32LED4K-R-LE4 : . . . 100 - 150 . BI-UO-GI

55W32LED4K-R-LES \ : ] ] 100 - 150 . B2-U0-G|

S5W48LED4K-R-LE2 ] ) ] ] 100 - 150 : BI-UO-GI El | —II_|I I:I_ G |
S5\W48LED4K-R-LE3 ! : ] ! 100 - 150 ! BI-UO-GI

S5\W48LED4K-R-LE4 ] ) ] ] 100 - 150 ! BI-UO-GI

55W48LED4K-R-LES ! : ] ] 100 - 150 ! B2-U0-G|

B0W4BLED4K-R-LE2 ; . ] ] 150-200 ] B2-U0-G| E‘l LJI:] G |
80WA4BLED4K-R-LE3 ! { y ! 150-200 ] B2-UO-GI — —
BOW4BLED4K-R-LE4 i . ] ] 150-200 ] B2-U0-GI

BOW4BLED4K-R-LES ; . ) ] 150-200 I B3-UO-GI

70WE4LED4K-R-LE2 ! ] i . 100 - 150 ! B2-U0-GI Ell LJ[:] G |
JOW64LED4K-R-LE3 ! ) ! . 100 - 150 ; B2-U0-G| = =
FOW6A4LED4K-R-LE4 ] . . . 100 - 150 7 B2-U0-GI

FOW64LED4K-R-LES ! . ! . 100 - 150 ; B3-UO-Gl

[ 10WEALED4K-R-LE2 . . ' ] 200- 250 ] B2-U0-G2

[ 1OWEALED4K-R-LE3 . . ! ] 200 - 250 ] B2-UD-G2 - =N 5 |
[ 1OWEALED4K-R-LE4 . . ! ] 200- 250 ] B2-UD-G2

[ 10WEALED4K-R-LES . . ! ] 200 - 250 ) B4-U0-G2

90WBOLED4K-R-LE2 ] . . . 150-200 : B2-U0-G2

90WBOLED4K-R-LE3 . . . ! 150-200 : B2-UD-G2 E| | —||_.I I:]— G |
90WBOLED4K-R-LE4 . . ! ] 150-200 : B2-U0-G2

90VWBOLED4K-R-LES : . ! . 150-200 : B4-U0-G2

I35W8O0LED4K-R-LE2 . . . 250- 320 | B2-U0-G2

135VWSOLED4K-R-LE3 - . . . 250- 320 | B2-U0-G2 El | —||__I I:I_ G |

I35WBOLED4K-R-LE4 . . . 250 320 ! B2-U0-G2




“"Controlling Color Temperature - '(LE'D) |
| L|m|t maX|mum color temperature to 2, 7OOK
& (Warm Whrte) -

2, ?OOK fo 2, 800K | | 5 OOOK to 6 SOOK

2, 7OOK Warmer — more mvrtmg — Iess blue -
5 OOOK and above more bluish - _colder = |
: creates more Irght poIIutron



Selected blue light characteristics of various outdoor lighting sources at equivalent lumen

Luminous  Scotopic content Melanopic content
Light source CCT (K) % Blue* Flux (Im) relative to HPS relative to HPS**
PC white LED 2700 17% 1000 1.77 - 1.82 1.90 -
PC white LED 3000 18% - 25% 1000 1.89-2.13 10 -
PC white LED 3500 22% 1000 2.04 -2.37 34
PC white LED 4000 27% - 32% 1000 2.10- 2.65
PC white LED 4500 31% - 35% 1000 2.35-2.85
PC white LED 5000 34% % 1000 2.60 - 2.89
PC white LED 5700 39% - 43% 1000 2.77-3.31
PC white LED 6500 43% - 1000 3.27-3.96
Narrowband amber LED 1606 0% 1000 0.36
Low pressure sodium 1715 0% 1000 0.35
PC amber LED 1872 1% 0.70
High pressure sodium 1959 9% 1000 0.89
High pressure sodium 2041 10% 1000 1.00
Incandescent 2851 12% 1000 2.26
Halogen 2934 13% 1000 2.28
F3278/830 fluorescent 2940 20% 1000 2.02
Metal halide 3145 24% 1000 2.
F3278/835 fluorescent 3480 26% 1000
F3278/841 lluorescent 3969 30% 1000
Metal halide 4002 33% 1000
Metal halide 4041 35% 1000
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* Percent blue calculated according to LSPDD: Light Spectral Power Distribution Database,
http://galileo.graphycs.cegepsherbrooke.qc. CA/app/en/home. The specific calculation, developed for
evaluating the potential for affecting sky glow, divides the radiant power contained in the wavelengths
between 405 and 530 nm by the total radiant power contained from 380 to 780 nm, for each light source.

** Melanopic content calculated according to CIE Irradiance Toolbox,
http://ffiles.cie.co.at/784 TNO03_Toolbox.xls, 2015 as derived from Lucas et al.. 2014.

Key: PC -- Phosphor Converted; LED - Light Emitting Diode

Http:.//énér'g'y.go'v/sites/bkod/fi-le_s/2016/07/f33/m sslc_enews_jul2016.pdf



I\/Iaxrmlze Energy EfflClency & .
- I\/I|n|m|ze Costs

Dimmers and Network DeV|ces W|th new LED e
Ilghtlng systems reduce energy use A |

Curfews for nghts out — reduced to 30% of fuII capaC|ty |
‘atter the close of busmess and pedestrlan act|V|ty

" Motlon actlvatlon tor commerC|aI |nter|or Ilghtlng after
_-busrness hours Ll | | . .

LED Ilghtlng systems for new and replacement Ilghtlng |

Dimming a I|ttIe from fuII capacrty extends Ilfe of the

" system. Purchase system with a: slightly: hlgher light

" output than is requwed then d|m down to the light level
| _needed for the prOJect to extend eqmpment I|fe



Key Consuderatlons 1{o] 8 Replacmg oIder
| Outdoor nghts W|th LEDs %

.o SpeC|fy the maX|mum CCT at preferably 2, 700K no ‘
: more than 3, OOOK ‘minimize blue Ilght levels

e Fixture lumen output of LED can by 50% of ngh PreSsure,
Sodlum s flxture output and achleve the same VISIbI|lty
to the eye k i

. § Choose a Ium|na|re W|th a Ilght output that W|II be about‘ '
- 30% greater than what is needed - then usinga
dlmmable Ilghtmg system, dim the Ilghts down 30%. This -
- dimming will conS|derany extend the life of the Ilght |
compared to having the. Ilght operating at 100% output -
Extended I|fe reduces mamtenance costs



Qutdoor Lrghtlng Issues and Solutrons

SHIELDING/GLARE Gl
: Controllrng Lrght Trespass and Sky Glow kg

BRIGHTNESS . i R
| Controlllng Lrght(Lumen)LeveIs |

" _CORRELATED COLOR TEMPERATURE LED
o errtrng CCT to 2 7OOK (warm whrte) |

ENERGY EFFICIENCY

 Mandating the Use of Drmmers and Trmrng
deV|ces for new LED Lrghtrng systems 5

5 'DII\/I and USE TII\/IERS Where possrble



‘James Flscher THE ZOOLOGICAL LIGHTING INSTITUTEA A_: E
.‘Website at http: //www zoollghtlng org/

| Email - ameszoollhtm or 5

* Leo Smitl‘i INTERNATIONAL DARK SKY ASSOCIATION o

| Website at http: //www darksky org/

Email - Ieosmlth net e

T


mailto:james@zoolighting.org
mailto:leo@smith.net

