
VOL. 102  |  NO. 5
MAY 2021

Cubism and You
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About Systemic Bias

How’s the Weather on Titan? 

WHAT’S GOING ON IN

GEOSPACE?
Observational gaps could make it tougher  

to understand high-altitude climate change  
and avoid catastrophes in low-Earth orbit.
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Rocket Mission Conjures a Ghostly Noctilucent Cloud

W hen the sky is dark and the Sun 
rests just below the horizon, noc-
tilucent clouds appear like ghosts 

in the polar skies, silvery and translucent. 
These shimmering wisps, long confined to 
the coldest reaches of Earth’s atmosphere 
near the poles, have been steadily creeping 
toward lower latitudes, lured by fresh seeps 
of the icy water crystals that feed them.

How and why do these apparitions form, 
and what can they teach us about the atmo-
spheric realm they come from? To answer 
these questions, scientists sought a way to 
conjure a ghost of their own.

“A lot of times, to study this region of the 
atmosphere observationally, you’re working 
with what you’ve got,” said Richard Collins, an 
atmospheric scientist at the University of 
Alaska Fairbanks. “You’re observing the nat-
ural system and putting together what we 
know about it to determine the various factors 

that are in play…. Here we are actively exper-
imenting in the system by injecting a known 
amount of water in a controlled way so that we 
can actually see what’s happening.”

To Haunt the Night Sky, 
First Add Water
Earth’s mesosphere, the atmospheric layer 
50-80 kilometers above the surface, is home 
to polar mesospheric clouds (PMCs), also 
known as noctilucent or night-​shining clouds. 
They are typically seen in Arctic and Antarctic 
skies during summer months when humidity 
in the upper atmosphere is high. These clouds 
form from water ice crystals at the edge of 
space, where the mesosphere is coldest.

In the past few decades, however, people 
have introduced large quantities of water 
vapor into the atmosphere through industrial 
and agricultural activities, drawing these 
ghostly clouds away from the poles. “We’re 

making the upper atmosphere more humid as 
part of the general climate change scenario 
with the release of methane into the atmo-
sphere,” Collins explained. “Methane, when 
it gets up high in the atmosphere, reacts and 
forms water vapor and carbon dioxide.” 
Rocket emissions, too, are a source of atmo-
spheric water vapor and can trigger PMC for-
mation.

Moreover, human-​induced climate change 
has steadily cooled the mesosphere and ther-
mosphere, making conditions more favorable 
for noctilucent clouds. Scientists want to bet-
ter understand how these upper -​atmospheric 
changes will affect the creation of noctilucent 
clouds and also how these clouds can be used 
as diagnostic tools to understand the meteo-
rology of this often-​invisible part of Earth’s 
atmosphere.

To do this, Collins and a team of scientists 
launched a mission called Super Soaker, 
which sent three sounding rockets into the 
mesosphere in January 2018 from a facility in 
Fairbanks. One of the rockets carried a canis-
ter filled with 220 kilograms of pure water, 
which was explosively released 85 kilometers 
above Earth’s surface. The other two rockets, 
as well as a ground-​based lidar system, mon-
itored the meteorological conditions before, 
during, and after the explosion.

The researchers found that a modestly 
sized noctilucent cloud formed a mere 18 sec-
onds after the water was released and lasted 
for a few minutes before dissipating. On the 
basis of measurements from Super Soaker, 
cloud formation models indicated that the 
sharp spike in humidity raised the freezing 

temperature of water in that spot by about 
50°C. The explosive release of water also cre-
ated meter-​sized ice filaments that quickly 
cooled the air by 25°C and were critical for 
seeding the cloud’s formation.

“We were surprised that the cloud formed 
so quickly and that this cooling could be so 
rapid,” Collins said.

“This is the first time anyone has exper-
imentally demonstrated that PMC formation 
in the mesosphere is directly linked to cool-

The Super Soaker experiment launched three rockets: One carried a canister of water, and two tracked wind 

movement (orange trails). A lidar beam (green trail) was used to study the resulting noctilucent cloud (bright 

white). Credit: NASA’s Wallops Flight Facility/Poker Flat Research Range/Zayn Roohi

“We were surprised that the 
cloud formed so quickly.”
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ing by water vapor itself,” Irfan Azeem, 
chief scientist at Astra LLC in Louisville, 
Colo., and principal investigator of Super 
Soaker, told NASA. The results of this exper-
iment were published in the Journal of Geo-
physical Research: Space Physics (bit​.ly/​cloud​
-cooling).

Specters of the Future
“The Super Soaker investigations are a beau-
tiful and very seldom seen example of per-
forming an active experiment in this region 
for atmospheric conditions which cannot be 
adequately reproduced in the laboratory,” 
said Franz-​Josef Lübken, an atmospheric sci-
entist at the Leibniz Institute of Atmospheric 
Physics in Kühlungsborn, Germany. “Such 
experiments can actively create and control 
physical conditions in the mesopause region 
in order to study the formation and behavior 
of ice clouds in a unique environment and 
study related science topics such as micro-
physical processes, transport and photo-
chemistry of water vapor, and effects on the 
background atmosphere.” Lübken was not 
involved with this research.

Collins plans for future experiments to test 
cloud formation triggers by using more water, 
releasing it in different ways, and measuring 
the resulting clouds more directly. The arti-
ficial cloud’s speedy formation in wintertime, 
when the air is usually far too dry, suggests 
that these specters might haunt the skies at 
the slightest provocation as the increasing 
pace of climate change and rocket launches 
injects ever more water into the upper atmo-
sphere.

By Kimberly M. S. Cartier (@AstroKimCartier), 
Staff Writer

Releasing water into the mesosphere with an explo-

sion (a ground test of which can be seen above) was 

a key step in forming an artificial noctilucent cloud. 

Credit: NASA’s Wallops Flight Facility

Auroral “Dunes” Light Up 
Earth’s Atmosphere

Earth’s atmosphere is relatively thin—
imagine an apple’s skin compared to 
the fruit itself—but there’s still much 

to learn about it. Now, using a recently dis-
covered aurora as an atmospheric spotlight, 
a team of amateur astronomers and research-
ers has discovered evidence for high-​altitude 
atmospheric waves. This discovery sheds 
light on the structure of our planet’s upper 
atmosphere, a region that’s notoriously 
tough to monitor with either spacecraft or 
balloons.

Mysterious Green Stripes
Aurorae, formed when energetic particles 
bombard Earth’s atmosphere, are a captivat-
ing sight—their shimmering, waving forms 
have been recorded for millennia.

“They are always so mysterious and beau-
tiful,” said Matti Helin, an amateur astrono-
mer and photographer in Lieto, Finland, who 
spotted his first aurora while a teenager.

Helin and other members of the Ursa 
Astronomical Association, Finland’s amateur 

astronomy group, regularly observe the sky 
in search of aurorae. On 7 October 2015, they 
were treated to a spectacle.

Green stripes covered a wide swath of the 
sky that night, the amateur astronomers 
found when they trained their cameras sky-
ward. Green is a common auroral color—it’s 
associated with oxygen—but aurorae typically 
resemble arcs, spirals, or curtains. Seeing 
stripes was a surprise, said Helin. “Nobody 
knew what they were.” The features dissi-
pated after a few hours, and the sky watchers 
filed their pictures away.

Three years later to the day, Helin and 
other Ursa members gathered online to cel-
ebrate the release of a new book about auro-
rae. The book, cowritten by Minna Palmroth, 
a space physicist at the University of Helsinki 
in Finland, features club members’ photog-
raphy.

Dashing Outside
Out of habit, Helin took a few pictures of the 
sky during the celebration. He was astonished 

Amateur astronomers spotted a new auroral feature, nicknamed “the dunes,” on 7 October 2015. Credit: Matti 

Helin




