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36 in a 560 km (350 m|) shell at 97 6° gt
72 satellites in a 560 km (350 ml) sheII at 97 B

ellites in the Gen2 E:onste'llatioh in: orbits' rahging from 340 km to 614 km'
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Nomy community that predlcts the time and prOJectlon of ;

s through an image, given celestial position, time of night, exposure Iength
, based on the public database of ephemerides. Current SImuIatlon work
) g basis for the de.velopment of such an application.
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ht ideally should be sIowa varyrng with orbrtal phase as recorded by high
ve area x field of view), large- aperture ground-based telescopes to be
o +2.5 x log(r, . / 55‘O‘km), equlvale,nt to 44 x (550 km /'r

orbit) .
P | S



DARK
& QUIET

SKIES

ce by observatorles is achleved most readlly if. the |mmed|ate post Jlaunch
ration is clumped as tlghtly as possible consistent with safety, affording

f the train through a given pointing area. Also; satelllte attltudes should be
imize reflected Ilght on the ground track ’
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atelllte constellatlon observmg network with unlform observmg and data
ols for feedback to operators and astroriomical programs. Mature -
will have the added compIeXIty of deorbltlng of the units and on- orblt aglng,

ad
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_*roprlate errors.

il

telIite-constelIations-1-wdrkshdp-report ‘ i -


https://aas.org/satellite-constellations-1-workshop-report

i 'escnbe w‘

D three parts:
Il Light at Night (ALAN)
% Constellations

tronomy
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https://www.iau.org/static/publications/dqskies-book-29-12-20.pdf

World Health Organization 2007 and US Medical ASSOCIatIOH 2012
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Too much light can affect C|RCAD|AN RYTHMS OF

people’s health, by ' HORMONES AND BIOLOGICAL
changing circadian 'VARIABLES
rhythms.

Pitutary pland

— — - Melatonin
# Cortisol
 Immunosuppressants
Z::jjjlﬂ Temperature
= Muscular strength, ...

| Regulate circadian cycles
And annual cycle

Ania Varela: Dark and Quiet Skies for Science and Society |




Human Health Impacts of ALAN
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Blask et al, 2003 5
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Mario Motta: Dark and Quiet Skies for Science and Society |



mmals 63% .
nsects 49%

{6lker et al. 2010 Trends‘E,c,foI. Evol 3
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ndreas Jechow, Travis Longcore: Dark and Quiet Skies for Science and Society | 14
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d burst, unrelated to temperature
et al. 2016 r |

ndreas Jechow, Travis Longcore Dark and Quret Skies for Science and Society | 16




gmulation of superOX|de radlcals trlggered stress responses
al. 2016; Kwak et al. 2017 MeraV| et al. 2020 ‘

r i

ndreas Jechow, Travis Longcore Dark and Qunet Skies for Science and Society | 17



‘ .class 1: <260 ucd m: 2 >21 7 mag arcsec 2 1(_)% more. -

; DSAG class 2 no more than 50 % more than the natural arrglow or
2(>21.4 mag arcsec 2) R :

y Heritage Site, DSAG class 3 No more than 2 75 times. the natural alrglow or
cd m 2 (>20.7 mag arcsec Ry A :

Sky Outreach Site, DSAG class 4. glven that astro tounsm and amateur astronomy
appen at these places, the recommended I|m|t is 2.0 times the alrglow or <480 ped m 2
mag arcsec ?) -



3 DS#QaSSDar /'Res ( ctass 5 srmllar to outreach srtes <480 ucd m 2(>21 0 mag arcsec 2)

more urban areas g|V|ng sky brlghtness <1000 pcd m 2 (>20 3 mag arcsec 2)

lgy’Communlty, rural, DSAG class 6b The recommended limit is 3 times the alrglow for
ted sites in more rural areas, grvrng sky brlghtness <750 ucd m 2 (>20. 6 mag arcsec 2)

rotected Dark Sky Oases th.e defaulttcondltlo_n should be no art|f|C|aI_I‘rght. _SpeC|f|c uses
ng light should then be additive once other non-lighting interventions are exhausted

-~
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low 5 per cent of the total spectral power Generally this requires usrng LED Iumlnalres
corresponding color temperature of 2200 Korless. e : :

erior lights should only dlstrlbute light below the horlzontal and the upward light output
ULOR) should be no,more than 0.5 per cent. This requires Iumrnalres to be mounted

izontally and have flat optics below the light source. "



management of natural nrghttrme darkness as a prlstrne resource is encouraged through
gnized conservation best practrces :

ration plans shoul'd be |mplemented when sky bnghtness thresholds are routrnely
ded. greid _ 21
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ky-monitoring data should be collected under unrform protocols Wlth standard calibration
able to the SI system of dark sky unlts ;

‘major professional observatory and controlhng governmental body should undertake a
ng exercise to determine the total amount of fully shielded outdoor lighting allowable, as
 the extent of the area of protection. _ 22
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Dark and Quuet Skles”f@ :'SC1e.n;:-: ar

jould be zero. The lighting devices should be quasi monochromatic sources with maximum
ant flux (in watts per.pm) lying within the 585-605 nm  spectral range and having Full Width
‘Maximum (FWHM) smaller than 18 nm. If modest color rendition is approved as a necessity,
a with broader FWHM of ~100 nm can be used in those exceptional cases. 23



EHL

b Avoid exceeding luminance or |Ilum|nance limits by more than 20% in deS|gn and plan on
live control and malntenance to achleve nearly constant light output

24



tilance ratio should be at Ieast 75%

aires should be designed and mounted to mlnlmlse direct and reflected Ilght propagatlng
direction of observatories. : :
25



D arkand QUietSkles =

vatorles as practlcable

=
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oad lightlng of the approprlate lighting class accordlng to CIE 115, but
dynamlcally reduce the levels under Iow trafflc condltlons to the appro-

Dark and Quiet Skies for Science ar

llow (and minimize high- side deviation to no more thah’ 20% frdm) CIE‘guid'ance for
mination levels and colour rendition of pedestrlan areas and actlvely adjust by usage class
time of night or by motion sensmg i

rve (and minimize high-side dewatlon to no more than 20% from) CIE lnternatlonal
rd S 015/E:2005 for illumination of outdoor workplaces, carefully limiting the illuminated
avoid spill light. » : _ 27



glow from internally |I|um|nated S|gns and electronlc message d|splays For E3 Zones do
not exceed the CIE maximum standard permitted. luminance levels for building facades; in EO,
,and E2 Zones in the extended area |mpact|ng observatorles fa(;ade Ilghtmg is hot
itted. r |

28



"horlzontal Minimize the impact of unshielded.lighting like electronlc message dlsplays
der sports lighting by |mposmon of curfews and limitations by usage zone.

\ loy sources with the r;arrowes‘t possible' band4passes, based on the acfual need for color
on, and use light sources with the lowest blue-UV content available (color index G > 23
n color rendition is necessary. : 2



Re‘ .emmendvatlons tof 'COt;U SKIES

new mstallatlons and renovatlons foIIow the reIevant regulatlons

2\ and revise the requwements for |IIum|nat|ng roads and hlghways and the Ilghtlng
lation to consider enwronmental effects of ALAN

L
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,a.‘ otect affected eX|st|ng ecosystems by |mplement|ng enV|ronmentaIIy consmous :
ﬂnology, and establlshmg definite and verlflable transmon plans to reduce the Ilght

.

i



‘.and habitats.

elop standardized methods for measurlng ALAN and skyglow and establlsh them in the :
ant national or mternatlonal standards :

- s
- ]
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Whus and Oneweb)*-.47,,344.sate||'ites in Grhits with alttudes of

ons by other operators are planned
r i i
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ew phenomena e SR
e, amateur astronoméré; and Stargazers worldwide .
ntal impact — migratory b‘i'r'c‘ls that Ujse-s't,'eﬁllar’ha\"/iga't'ibnv“
w | ARG ; e R
35



Impact of Starlink Satellites
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Im .ac":_t’..lgf Starllnk ' .at,'(?-_ll-i,tes m

- (550 kin Orbit). & QUi
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act of Starllnk ' atellltes
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act of Starllnk ' atellltes
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; Sat_Con:

r more stringent requlrements on future de5|gns of observmg faC|I|t|es to account for the
onal losses from satellite constellations, including additional telescopes, increased
ures, additional tools for image processing, higher robustness receivers, and enhanced

tor technologies. These measures require additional funding. : S5

il
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spon5|b|I|ty and sustalnablllty strategles

‘ ions to minimize negatlve |mpacts on astronomlcal observations by a) m|n|m|smg
ional altitudes — satellites in constellations with higher orbital shells are illuminated by
for longer during the night and appear more ‘in focus’to telescopes; in general, the

t on astronomy increases with constellatlon altitude. Scientific analysis shows that orbits
order of 600km or below offer a compromise between brightness and the length of time
llites are illuminated durlng the night; b). minimizing the number of satellite units as second
to altitude while mamtammg safe operational practices; ¢) minimising the time spent in
vhen not in service. : 41



'mtmmrz'e negatrve |mpacts on astronomrcal observatrons by
aII satellrtes appear farnter than 7 0V, ., 125 XIog(SatAItrtude / 550 km)

’vgie timely, transparent and rellable data to the astronomy communlty and observatories to
sufficient planning to avoid impacts and post-hoc analysis of incurred impacts. Data
Juired include: spacecraft design, brightness data, mission designs and orbital profiles,

Ide control, and predictedand real-time orbital elements 42
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ct outreach and advocacy campalgns W|th pollcymakers regulators funders and
try, and represent astronomy interests in satelllte mdustry and professmnal workmg

r i

43



: Dark]-vand; QUIetSkeSfOSC SAERAh

DARK
& QuET

_ SI(IES

nderstand impacts on science cases of existing observatories. Improve simulations of
pact of satellite constellations, providing more accurate estimates of apparent

ness, a more detailed consideration of trails due to not point-like sources (spatially -
ved and/or out of facus), a better assessment of transitory orbltal phases and a gquantita-
udy of the impact on astrophotography i



he collection and coordlnatlon of multlspectral observatlonal data, in partnershlp
dustry and observatorles and cmzen SC|ent|sts and. amateur astronomers

L 1
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pport for understandrng |mpacts on astronomy and the increased overheads i in

of additional observing time or science losses. This includes provision of specific

ng instruments for development of software hardware and facrlrty mitigations, :
nology developments in detectors and recervers and taking steps to evaluate, formalise
d report to governments the overaII rmpacts on scrence research and caprtal investments.

46



lop spacecraft systems and'operatiohal standards that take into account the impacts on
onomical science. Areas include reflectivity of surface materials, brightness of space
Cts, telemetry data,"and spurious antenna emissions.

47
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| e constellations on grOUnd based astronomlcal observatlons
_ éStlgate policy instruments that account for negative externalities of space mdustnal
activities, including on astronomlcal actlvmes and develop incentives and mducements for
stry and investors. :

-
- ]
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{ r'eflected or emltted electromagnetlc radiation from satelhtes |ts |mpacts (o]g!
(particularly, but not-exclusively, astronomical suence) and efforts to mltlgate (if not
Iminate) the deleterious aspects of such |mpacts i : .

\l both international and natlonal Ievels efforts can bund upon framewarks in radlo

St nomy and space debris, informed by this report and by capacity-building and outreach
s that bring stakeholders together for purposes of discussion:and moving: policy
opment forward, stich as this Internatlonal workshop.

49



Satelite Impacts to f adia Astanom; g i
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adlo Astronomy

Satellite Impacts to,

- Spillover from satellite antenna trude upon the spectrum reserved for

I RAS TBAND : ;!
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. :
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irect illuminations of radlo telescopes and radlo qwet zones do not mterfere
ually or on aggregate. .

L

53



with documentatlon and tutorlals

s for specific observer setups lncludmg unalded eye ‘
ans and citizen science projects for educators
ons to queryable gffected data‘p.roducts S

i ‘ e G

TBD 54



Astronomical
Data Repositories

Trailblazer

Radio data

Spectroscopy

Visual records
and astrophotography

Orbital Solution
Portal

Ephemerides
with errors

General perturbations
with errors

Two-line elements
(TLEs)

Documented operator
best practices

Software Tools

TrailMask,
PassPredict,
ephemerides parser

Simulation tools

Arcade, OrbDetPy,
other existing tools

Accessible
documentation
for all software

Contributor guide

Training
Curriculum

Core:
Satellite orbits,
observing, sharing,
and data analysis

Advanced:
Software development

Advanced:
Space law

Quick Start guides

Zooniverse project

Real-Time
Collaboration

Discussion forum

Observation requests

Work-in-progress
plots, tables, catalogs,
and notebooks

Preprints and
publications
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or teIIatlons on both ground based and space based observatlons

group has carried out a Study of the algorlthms and mterfaces £
e software tasks; this WI|| be mcluded in the report .

56



L2 Encourage

observational data and expand transparency from satelllte Iocatron data

, guidelines should focus on clear outcomes and performance based metrrcs
Ve approaches . = :

going innovation in mrtrgatron and voluntary measures
: . o
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evels for the reductlon of enwronmental |mpacts and mterference W|th

edu/pubIic/procfubts/techdQcS/tééthcOB1/
' 58


https://noirlab.edu/public/products/techdocs/techdoc031/

ssiated virtual meeting.




W'e cases presented
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'Convmce C P

' ildlife friendly light
2 best handled by the un enwronment programme

1)eed to work more closely with the CIE (Internatlonal Comm|SS|on on IIIummatlon)



-;management has not been a toplc of concern X
blic not aware of the problem facmg astronomers

and amateur astronomers needed to submlt observatlons to SatHub
i

62



'*’S|derat|ons mvested amounts 1§ observatorles |
my is vital as a support for other outer. space actlvmes ‘
d satellites will contrlbute to enwronmental poIIutlon Ieadmg to ozone depletlon .
Issues: propellant byproducts could also damage OZone.. ;i1
2d LEO could ralse.._tpe probablllty of major }coII|5|on events

63
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“In the'é){pi :

ies'to the Treaty shaII pursue studies of outer space including the moon and other
or_i t’fbt exploration of them so:as to avord their harmful contamination and also adverse changes

€ r this purpose. If a State Party to the Treaty has reason to believe that an activity or experiment
; .ﬁ;ﬁ ationals in outer space, mcluding the moon and other celestial bodies, would cause potentially
e with actrvrties of other States Parties |n the peacefui exploration and use of outer space, mcluding

"‘ riment. A State Party to the Treaty which has reason to beIieve that an activity or experiment
State Party in outer space, including the moon and ather celestial bodies, would cause potentially
e with activities in the peaceful exploration and use of outer space, mcluding the moon and other

request consultation concerning the activity or experiment -
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finciple: Artificial radlatlon of whatever kmd mcludmg from satellltes should
roduced if it isn’'t needed and it shouldnt be detectable where |t |sn 1 used ;

L

67



DARK
& QUiET

, SKIES

Dark and G

68






	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69

