Is the sky really falling?
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A SpaceX rocket carrying Starlink satellites into orbit blasts off. Photo by SpaceX, licensed under CC BY-NC 2.0. (Source)

hen you hear the words
“light pollution”, what
do they mean to you?
Those words may evoke
the washed-out night
skies in and near cities that make it
hard to see the stars. Instead of inky
blackness, light pollution — or, more
specifically, “skyglow” — casts a grayish
pallor over the night sky. That light
originates on the ground, but in the
future more of it may be coming from
above. Light pollution from satellites
and space junk may soon rival skyglow
from the Earth’s cities.

Satellites are, of course, nothing
new. The human presence in space is
now in its seventh decade. It’s now
accelerating as private commercial
interests put ever more objects into
orbit around our planet. At the end of
the 2010s there were about 4,000 large
objects in space. These represented a
combination of functioning satellites,
derelict ones and discarded pieces
of space hardware. Until the last few
years, an observer in a dark place
might see a handful of satellites per
hour, and very few in the middle of the
night. They added a little excitement to
a stargazing experience in a dark place.
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Now we are in a new and very different
era of spaceflight. In May 2019, the
American private space company SpaceX
launched the first group of satellites in
its Starlink project. When fully built,
Starlink will consist of over 40,000
satellites providing broadband Internet to
virtually everywhere on Earth.

Satellites in the first SpaceX Starlink launch form
a bright ‘string of pearls’ across the night sky.
Still from video by Marco Langbroek, used with
permission. (Source)
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Skywatchers were immediately alarmed
by what they saw. For the first few
weeks after launch, observers saw the
shockingly bright Starlink satellites
moving together across the night sky.
And it’s only the beginning. Companies
like SpaceX have announced plans to
launch more than 100,000 satellites into
low-Earth orbit in the 2020s. Crowding
these orbits with so many objects risks
collisions between them, generating
thousands of pieces of wreckage.

2010s
At the end of the
2010s there were
about 4,000 large
objects in space

It would be one thing if the satellites
were just bright, moving points of light
in the night sky. That’s distracting and
takes something away from seeing a
dark, natural night sky. But all those
satellites and the collision debris they
produce could brighten the night sky
itself.
We modeled the situation in 2021 and
concluded that even before the first
Starlink launch, space objects raised
the brightness of the night sky by
about 10% over an assumed natural
background level.

2020s
When fully built,
Starlink will consist
of over 40,000
satellites

In the future, this could be much higher.
A full build-out of satellites plus debris
would result in about 25 times as many
objects in orbit in 2030 as in 2020. This
realistic outcome would make the night
sky as bright as one sees now in the
transition between suburban and rural
areas. Unlike ground-based skyglow, we
can’t escape this effect by going places
further away from cities. Satellite light
pollution may affect almost every place
on Earth except the polar regions.

2030s
Companies like SpaceX
have announced plans to
launch more than 100,000
A full build-out of satellites plus
satellites into low-Earth
debris would result in about 25 times
orbit in the 2020s
as many objects in orbit in 2030

A graphic representing the exponential growth in satellites and space debris over three decades.
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So what can we do about this growing
problem? Astronomers started engaging
companies almost immediately after
the first Starlink launch in 2019. Some
companies made voluntary changes to
their satellite designs that resulted in
less reflected sunlight. But engineers
may have already reached the limits of
this approach. Launching to lower orbits
can help also.
Astronomers held four conferences in
2020-21 to confront the problem and
seek solutions. Since there is no reason
to think large satellite constellations
are going away anytime soon, they
established a new clearinghouse to
manage the ongoing work.
Some have asked how satellite
companies can engage in launching
so many new satellites. National and
international laws governing the use of
space don’t envision this kind of use.
There are very few barriers to entry,
resulting in a ‘Wild West’ scenario.
Avoiding catastrophe depends largely
on private commercial interests taking
responsibility for their actions. But it’s
unclear whether that will happen.

Astronomers have called for more
measurement and monitoring of sky
conditions. Experts are considering
whether environmental laws apply
to space. And none of the space
companies have shown that providing
Internet by satellite is a sustainable
business model.
If successful, satellite broadband
service could change the lives of
billions of people. Some ask whether
this benefit is worth what’s lost if the
night sky is sacrificed in the process.
For many of the same people who
would benefit from Internet-bysatellite, access to the night sky
is equally important. The best way
forward involves compromise and
new ways of thinking about how we
use the space around our planet.
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Whether we will reach the dual goals
of Internet connectivity and starry
sky protection is a story humanity
has yet to write. What’s next? Watch
this (orbital) space!

John presenting at Grand Canyon National Park with
its International Dark Sky Park certification, June
2019.
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