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Climate change is already causing all sorts of problems on Earth, but soon it will be making a mess in orbit around
the planet too, a new study finds. Researchers at the Massachusetts Institute of Technology (MIT) calculated that as
global warming continues, it may reduce the available space for satellites in low Earth orbit by anywhere from one-
third to 82% by the end of the century, depending on how much carbon pollution is emitted. That's because space
will become more littered with space debris as climate change lessens nature's way of cleaning it up.

Part of the greenhouse effect that warms the air near Earth's surface also cools the upper parts of the atmosphere
where space starts and satellites zip around in low orbit. A consequence of this cooling is a contraction of the global
thermosphere, which leads to reductions in mass density at constant altitude over time. This reduced density decreases
the drag on the millions of pieces of human-made debris and satellites. It is the drag that pulls space junk down to
Earth, burning up on the way. But a less dense upper atmosphere means less space cleaning itself. That means that
space gets more crowded, according to a study in a scientific journal.

"We rely on the atmosphere to clean up our debris. There's no other way to remove debris," said study lead author
Will Parker, an astrodynamics researcher at MIT. Circling Earth are millions of pieces of debris about 3 millimeters
and larger and tens of thousands of plum-sized pieces of space junk, according to The Aerospace Corporation. That
junk includes results of old space crashes and parts of rockets with most of it too small to be tracked.

"There used to be this mantra that space is big. And so we can sort of not necessarily be good stewards of the
environment because the environment is basically unlimited," Parker said. But a 2009 crash of two satellites created
thousands of pieces of space junk. Also NASA measurements are showing a measurable reduction of drag, so
scientists now realize that "the climate change component is really important," Parker said.

The density at 400 kilometers above Earth is decreasing by about 2% a decade and this decrease is also likely to
intensify as society pumps more greenhouse gas into the atmosphere, said Ingrid Cnossen, a space weather scientist
at the British Antarctic Survey who was not part of the research. Cnossen said in an email that the new study makes
"perfect sense" and is why scientists have to be aware of climate change's orbital effects "so that appropriate measures
can be taken to ensure its long-term sustainability."
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A-1 What might happen to the space available for satellites in low Earth orbit as global warming continues,
according to the MIT researchers?
. It could be reduced by one-third to 82% by the end of the century.
. It will expand due to an increase in the number of atmospheric layers for low Earth orbit satellites.
. It will remain unchanged regardless of carbon pollution because the space is already filled up.
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How does the cooling of the upper atmosphere affect space debris?
. It increases drag at the height where space starts, pulling debris down to Earth faster.
. It expands the thermosphere with high mass density, clearing debris more efficiently.
. It reduces density higher up, and consequently drag as well, and allows debris to stay in orbit longer.
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Why does Will Parker emphasize the role of the atmosphere in managing space debris?
. It is the only mechanism that removes debris from orbit.
. It prevents the creation of space junk by reducing satellite collisions.
. It reduces the quantity of space junk by combining old pieces of debris.
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Why do scientists no longer think of space as an unlimited environment?
. Because of a sudden increase in the density of the thermosphere
. Because of the launch of a new rocket with an advanced debris tracking system
. Because considerable amounts of space junk and reduced drag have been observed
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What does Ingrid Cnossen predict about the atmospheric density at 400 kilometers above Earth?
. It is increasing as the low atmospheric layer expands with more particles reaching the upper layers.
. It is decreasing by about 2% per decade and may accelerate as greenhouse gas emissions increase.
. It is stabilizing due to the balance between lower atmosphere expansion and contraction of the higher
atmosphere.
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A-6 A telecommunication log, written or automatic, shall be maintained in each station of the aeronautical
telecommunication service except that an aircraft station, when using radiotelephony in direct communication

with an aeronautical station, need not maintain a telecommunication log.

(%)  Which of the following satisfies the requirement defined by the above provision?
1. Both aeronautical stations and aircraft stations must maintain their logs under all circumstances.
2. Neither aeronautical stations nor aircraft stations are required to maintain written logs while engaged in
radiotelephony, but aeronautical stations must keep automatic logs when available.
3. While aeronautical stations must maintain their telecommunication logs all the time, aircraft stations are not
required to maintain their logs during radiotelephonic communication with an aeronautical station.

A-7 An aircraft shall not change the type of its radiotelephony call sign during flight, except temporarily on the

instruction of an air traffic control unit in the interests of safety.

(#%M1) Under what condition can an aircraft temporarily alter its radiotelephony call sign during flight?
1. When instructed to do so by an air traffic control unit for safety reasons
2. Whenever an aircraft decides that the alteration of its call sign will not cause any confusion

3. When an aircraft considers continuing with the original call sign will cause safety problems

A-8 The transmission of long messages should be interrupted momentarily from time to time to permit the
transmitting operator to confirm that the frequency in use is clear and, if necessary, to permit the receiving

operator to request repetition of parts not received.

(%) Why should the transmission of long messages be momentarily paused several times according to the

above provision?
1. To give other stations the chance to initiate calls on the frequency in use
2. To allow the transmitting operator to rest and double check the correctness of the text to be sent
3. To ensure the frequency has no interference and to allow the receiving operator to request repetition if

needed

A-9 If] in checking the correctness of a readback, an operator notices incorrect items, he shall transmit the words

"NEGATIVE I SAY AGAIN" at the conclusion of the readback followed by the correct version of the items

concerned.

(7%f#) What must an operator do if he identifies errors during a readback check, based on the above provision?
1. Say "NEGATIVE I SAY AGAIN" when the readback has finished and transmit the entire text again
2. Say "NEGATIVE I SAY AGAIN" when the readback has finished and add the correct version of the relevant

items
3. Say "NEGATIVE I SAY AGAIN" at the conclusion of the readback and request the other to read back again
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Contrails, which form when water vapor (77 ) around jet-engine ( - ), have been contributing to
climate change. The UN's panel on climate change has reported that clouds formed from contrails ( 7 ) for
about 57% of aviation's global warming ( T ). A major American tech company manager says that by using
Al and satellite imagery to (4 ) contrail formation, airlines should be able to plan routes that avoid where
contrails usually form.

1. account 2. apply 3. condenses
4. confirms 5. dirtiness 6. 1identify
7. 1impact 8. pollutants 9. specify
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Astronauts aboard the International Space Station are ( 77 ) by (- ) rashes, unusual allergies and a
variety of (7 ), including fungi, cold sores and shingles. Researchers now think they know why: The
(= ) lab doesn't have enough germs. A researcher says that our immune system needs exposure to a wide
range of beneficial microbes from (A4 ), healthy animals or healthy plants.

1. addicted 2. infections 3. inspections
4. orbiting 5. persistent 6. plagued
7. rotating 8. soil 9. sporadic
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Asa( 7 )rule, it rests with the aircraft station to (- ) communication with the aeronautical station.
For this purpose, the aircraft station may call the aeronautical station only when it comes (7 ) the designated
operational coverage area of the latter. Designated operational coverage is that volume of airspace needed
operationally in order to ( = ) a particular service and (7 ) which the facility is ( 4 ) frequency

protection.
1. affordable 2. afforded 3. beyond
4. connect 5. establish 6. general
7. provide 8. traffic 9. within
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