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Abstract 

 

Space is one of the most important environments that humans interact with in the modern era. 

Society relies on space based systems for entertainment, navigation, communication, and a 

number of other crucial applications. This paper explores the creation of space debris from 

abandoned rockets, weapons tests, and derelict satellites and how it threatens systems operating 

in space. The amount of space debris is increasing rapidly enough that a major collision event 

between two objects could threaten humanity’s access to space if the theories of Donald J. 

Kessler hold true. Space debris in its truest sense is a form of pollution (Adilov, Alexander, & 

Cunningham, 2015) that threatens unmanned, manned, and Earth based systems with direct, 

indirect, political, and environmental costs (Schaub, Jasper, Anderson, & McKnight, 2015). 

Current United States Government and International space policy is analyzed and found to be 

headed in the correct direction, but ultimately doomed to fail since they are merely suggestive 

guidelines and not mandatory provisions that must be met before a launch can occur (Percy & 

Landrum, 2014). 
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The Threat of Space Debris to  

Manned and Unmanned Systems 

 

For Dr. Ryan Stone, her first mission into space was supposed to be a standard Hubble 

Space Telescope servicing mission. Strapped to the end of the Space Shuttle’s robotic arm during 

a spacewalk, Dr. Stone could see the expanse of Earth laid out below her and the horizon curving 

away to her right and left. Previous astronauts had described the view as “a glimpse of divinity” 

(Edgar Mitchell, USA) and “a panorama of brilliant deep blue ocean, shot with shades of green 

and gray and white” (Charles Walker, USA). Dr. Stone’s contemplation of the beauty of Earth 

was cut short, however, when an emergency message from Mission Control ordered the crew to 

return to the shuttle due to a cloud of debris hurtling towards them. A Russian missile aimed at 

destroying a dying satellite had gone awry, causing a chain reaction of collisions that ultimately 

resulted in giant speeding cloud of small parts and pieces. Before the crew could react, the cloud 

reached their shuttle, destroying it and killing every crew member save Dr. Stone and her 

mission commander, Matt Kowalski (Synopsis for Gravity, 2015). 

 The situation described above is the plot of the 2013 film Gravity. In the movie, the 

speeding cloud of space debris results in the loss of an entire shuttle crew except for two 

astronauts. The cloud goes on to destroy everything in its path including the International Space 

Station, a Chinese space station, and numerous other satellites. Though the movie is fictional in 

nature, it represents a real threat that space based systems face. Even on Earth, modern society 

relies on many space based services like the Global Positioning System, weather observation 

satellites, communication satellites, and many more that are all at risk of colliding with debris.  

The threat to manned spaceflight is even greater, since a collision could prove fatal for 

astronauts, as it did in Gravity. The International Space Station recently executed its twenty-fifth 

debris avoidance maneuver in sixteen years (Two More Collision Avoidance Maneuvers for the 

International Space Station, 2015). The space shuttle even orbited tail first so that debris would 

not strike the front windows. Undoubtedly, space debris presents a threat to the United States, 

her citizens, and the modern world. In order to better understand how space debris is created and 

how it can be mitigated, it is helpful to understand how space is defined. 
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Where is outer space? 

Space is an odd concept. It is both a simple idea and glaringly hard to actually define. 

Generally, outer space is defined as the realm beyond the Kármán line—an imaginary line 

starting at an altitude of one hundred kilometers, or around sixty-two miles. This line is the 

general area where the atmosphere is so thin that a winged vehicle would be required to travel 

faster than orbital velocity in order to maintain sufficient lift. If a vehicle can attain orbital 

velocity, the Earth will curve away from it faster than it falls towards the Earth, thus putting the 

vehicle, now called a satellite, into orbit and rendering the need for wings useless (Rush, 2012). 

The Kármán line may scientifically define space, but, in practice, satellites orbit much higher 

than this due to atmospheric drag. Atmospheric drag is a form of orbital decay where gas 

molecules collide with a satellite, so that, after constant tiny collisions imparting force on the 

craft, it will lose energy in its orbit. Eventually, the satellite will enter the denser part of the 

atmosphere and either disintegrate or crash into the Earth. It is for this reason that satellites either 

orbit in high altitudes due to the decrease in atmospheric density or have altitude control systems 

which can periodically fire to place the satellite back into the correct orbit (Satellite Drag, n.d.). 

Orbits are divided in different areas based on their altitudes and uses. Low Earth Orbit 

(LEO) stretches from just above the Kármán line to 2,000 kilometers above sea level and is the 

most common of the three since it requires less fuel to reach than any other. All manned 

spaceflight to date—except for the Apollo program—has been accomplished in LEO. Earth 

observation satellites, spy satellites, the International Space Station (at an average of 412 

kilometers), and satellite radio providers all operate in this altitude range. Because of the amount 

of traffic, LEO is the most polluted orbit around Earth and contains around seventy percent of all 

known space junk (Percy & Landrum, 2014). Medium Earth Orbit (MEO) stretches from the end 

of LEO to geosynchronous (GEO) orbit at 36,000 kilometers, where a satellite rotates around the 

Earth at the same rate as the Earth turns. When a satellite is placed in a circular orbit above the 

equator, the satellite seems immobile from an observer on Earth and is called geostationary orbit. 

GEO is extremely useful for navigation, communication, and television satellites since an 

antenna or dish can be aligned to one spot in the sky (Types of Orbits, 2001) GEO only accounts 

for around five percent of known space debris (Percy & Landrum, 2014). 
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What is space debris/junk/trash? 

 Space debris is a generic term for any man-made or natural object in space. For the 

purposes of this paper, space debris will define man-made objects in orbit around Earth that are 

no longer serving their mission functions. Space debris can range in size from smaller than a 

fleck of paint to as large as the Envisat, a ten and a half meter long European Space Agency 

(ESA) defunct weather satellite (Space Segment – Earth Online - ESA, n.d.). According to 

NASA’s Orbital Debris Office (Orbital Debris Program Office, NASA, 2012), there are 21,000 

objects larger than ten centimeters, 500,000 objects between one and ten centimeters in size, and 

over 100 million particles smaller than one centimeter in orbit around Earth. Of these, only 1,100 

are functioning satellites. Though most of these objects seem small, they can inflict horrendous 

damage when traveling at orbital speeds of up to 7.8 kilometers per second (about 17,500 miles 

per hour). Most space junk originates from either equipment that was lost by astronauts, 

abandoned lower stages of rockets, non-functioning spacecraft, or weapons testing.  

The two smallest sources of debris are lost equipment and abandoned rocket stages. 

Astronauts on space walks have lost track of numerous screws, gloves, and once a briefcase 

sized toolbox (STS-126 Shuttle Mission Imagery, 2008). Cosmonauts on Russia’s Mir space 

station regularly shot trash bags out into space as their form of garbage disposal (Mir Space 

Station, n.d.). Abandoned rocket stages present the next most likely threat. In order to launch 

satellites into orbit, rockets need multiple stages to achieve the necessary altitude and velocity. 

Essentially, staging is removing a section of a rocket where all of the fuel has been used. The 

rocket sections themselves can become debris if they reach orbit, but most do not. For those that 

do, the largest issue is non-passivation—a situation where the spacecraft’s internal energy 

sources are not completely used up and can explode after years in orbit (Percy & Landrum, 

2014). This exact situation occurred in 2000 to a Chinese Long March 4 upper stage that 

exploded after only five months in orbit (Koppes, 2000). 

Non-functioning satellites are what most people probably think of when envisioning 

space junk. The oldest piece of space debris is the non-functional satellite named Vanguard I, 

America’s second successful satellite. Based on its orbit, Vanguard will continue to circle Earth 

until 2192 (Vanguard 1, 2014). Though this seems like a long time, satellites placed near the 

edges of LEO will remain for nearly 20,000 years, and satellites in GEO “essentially remain 

there for eternity” (McCormick, 2013). Derelict satellites present a major debris problem, but 
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collisions between satellites are far worse. The first ever collision between two satellites 

occurred on February 10th, 2009, when a non-operational Russian Cosmos satellite collided with 

an active Iridium 33 communications satellite about 800 kilometers over the Russian arctic. The 

crash created nearly 2,000 pieces of debris large enough to track and thousands of smaller pieces 

that have distributed themselves over both the Russian satellite and Iridium 33’s separate orbits 

(Weeden, 2010). 

The testing of anti-satellite weapons represents the last source of space debris. In the 

1970s and 1980s, the US and Soviet Union developed and tested various anti-satellite (ASAT) 

weapons that would launch into space and impact a target at high speeds. The US was successful 

in 1985 when it destroyed a one ton satellite at 525 kilometers in altitude. The collision resulted 

in “thousands of pieces of space debris larger than 1 cm”; however, most of the debris was 

cleaned through atmospheric drag by 1995. After this test, a “de-facto moratorium on such tests” 

was in effect until China, in 2007, conducted their own test of an ASAT weapon system. The 

only problem was the altitude of the target; the satellite targeted by China resided in an 850 

kilometer orbit. At that altitude, orbital decay occurred much slower, so debris from the test 

stayed in space longer. This test singlehandedly “doubled the debris threat” in one of the most 

densely populated orbits around Earth, and most of the debris will remain in space for decades 

(Wright, 2008). 

 Figure 1 (NASA, 

2009) is a graph of the 

spatial density of space 

debris in low earth orbit 

in 2009. It shows that the 

two major incidents 

mentioned above, the 

February 10th, 2009, 

collision and China’s 

ASAT test, have contributed to a huge spike in debris at those orbits. This is evident by the 

discrepancy between the densities of debris in 2004 compared to 2009 at 800 kilometers and 

around 850 kilometers; other orbits such as 1400 kilometers to around 1500 kilometers have high 

densities, but they have not significantly changed over the past twenty years (NASA, 2009). 

Fig. 1 
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An important concept to understand when discussing space debris is the Kessler 

Syndrome. In 1978, Donald J. Kessler was working as a scientist at NASA and published a paper 

about the collisional frequency of artificial satellites and how it could create a debris belt. In 

essence, he theorized that one day in the future, the population of space debris will become so 

large that a collisional cascade will occur where collisions create more collisions which create 

more collisions ad infinitum. The Kessler Syndrome, as it came to be called, could potentially 

cut off access to certain orbital bands around Earth (Kessler, 2009). Though no one person 

knows the exact tipping point, many at NASA and the ESA have determined that “the space 

debris population will accelerate” in the future, which suggests that the critical point may have 

already been reached (Weeden, 2011), 

 

The problem of space debris 

 The problem this paper addresses is the continued creation of space debris without a plan 

to actively mitigate the threat it poses to the people of Earth, manned, and unmanned spacecraft. 

Many scientists have used computer models to analyze the effects of space debris for the next 

one hundred or two hundred years. Even if all space exploration was banned (which is highly 

unlikely), the number of debris in orbit will continue to increase (Weeden, 2011). This simple 

fact suggests that certain orbits have already reached their critical density—where atmosphere 

orbital decay cannot keep pace with the creation of junk and the Kessler syndrome takes hold. 

The next two sections detail certain issues that space debris can cause. 

 

The impact of space debris on critical populations 

 Space debris threatens today’s society in a multitude of different ways to different 

systems and people groups. Unmanned systems, manned systems, and people living and working 

on Earth are all affected by the proliferation of space debris. 

 Unmanned systems are the most at risk to damage by space debris since they account for 

all but two of the nearly one thousand operational spacecraft in orbit. Satellites are constantly 

impacted by extremely small debris and micrometeoroids, resulting in a general wear down on 

exposed systems. This can be prevented by using debris shields so that the effects of small debris 

are minimized. The limit of this protection ends at the solar panels, however. Solar panels, by 

nature, need to be exposed to the sun to convert light to electricity, so they cannot have any 
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shielding which limits their operational lifespan (Orbital Debris Office, NASA, 2012). Satellites 

are also at risk since most debris originates from satellites themselves and stays in a similar orbit. 

The debris field from the 2009 collision has remained in roughly the same orbit thereby 

endangering other satellites nearby (Figure 1, NASA, 2009). Though the risk of material or 

physical damage is high, there is also a risk that satellite downtime could affect groups who use 

the satellite services. The US military has been described as “space enabled” (McCormick, 

2013), which means that it relies heavily on space assets for normal operations. A loss of GPS or 

communications capability could spell disaster for any military team or craft that happened to be 

in the field when the outage occurred. 

 Manned systems are also at risk of damage by space debris, even though they constitute a 

small portion of operational spacecraft. If a manned spacecraft were hit by a large enough piece 

of debris, it could cause catastrophic damage that could either force a mission to return to Earth 

or navigate to the ISS and wait for rescue. Fortunately, no manned missions to date have been 

catastrophically impacted, though a few missions have been hit by space debris. The seventh 

Space Shuttle mission (STS-7) was the first shuttle mission to be hit by space debris when a 

fleck of paint hit the front window and created an impact crater one-millimeter-wide (NASA, 

Photographer, 1983). Because of this mission and others that were hit, the Space Shuttle’s orbital 

flight plan was adapted so that it flew tail first once in orbit to funnel any damage to the main 

engine bells since they were not used for re-entry. The International Space Station cannot return 

to Earth for maintenance like the shuttle, so it must rely on shielding and avoidance maneuvers 

to minimize the impact of debris. Over its operational life span, the ISS has had to execute 

twenty-five avoidance maneuvers (Two More Collision Avoidance Maneuvers for the 

International Space Station, 2015); her crew has also had to take shelter in a Soyuz capsule when 

the possibility of a collision was discovered too late or a maneuver could not be executed 

(Bergin, 2015). 

 Occasionally, debris will de-orbit and survive re-entry, but most of the time debris lands 

in the ocean or over unpopulated areas. According to NASA’s Orbital Debris Office (2012), a 

piece of space junk has fallen back to Earth every day for the last fifty years. They also state that 

there have been “no serious injuries or significant property damage caused” by orbital debris. 

When Columbia broke apart on reentry in 2003, hundreds of pieces littered the southern US but 

did not pose a significant threat. That was not true for Russia’s Cosmos 954 satellite, which re-
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entered over northern Canada in 1978 and scattered radioactive material along a 600 kilometer 

stretch. As a result, the USSR settled with Canada and paid $2.3 million for the cleanup efforts 

(Settlement of Claim between Canada and the Union of Soviet Socialist Republics for Damage 

Caused by "Cosmos 954", 1981). 

 

“Orbital debris is space pollution” 

 The propagation of space debris presents a myriad of ethical and philosophical issues, but 

this section will focus specifically on space debris as space pollution. In the broadest sense, 

pollution is the introduction of objects that have harmful effects to an environment. Space debris 

fits this definition of pollution because of the impacts discussed in the above section.  

In the study of economics, pollution is analyzed as an externality, which is economic 

activity that impacts a third party. The negative effects of debris seen previously are analyzed as 

a negative market externality in Adilov, Alexander, & Cunningham (2015). Through economic 

analysis using Nash equilibrium where firms choose the mutual best response, he argues that 

“competitive firms launch more satellites than the social optimum” which creates in a loss of 

social welfare, or the overall well-being of a society. Adilov et al. (2015) analyzes historical 

trends in debris mitigation and finds that “voluntary guidelines [to remove debris] have failed” 

since firms in this market structure can maximize profits by choosing “the least-costly mitigation 

technology, which in turn generates the most debris.” Economically, this means that space 

pollution will never be corrected by market forces and must be fixed by intervention of a third 

party (Adilov et al., 2015). 

Though the analysis is not a perfect model of satellite launches, it works to analyze their 

negative effects. It also raises two important notes: the problem of space debris is an economic 

problem just as much as it is a scientific one, and that, if left alone, space pollution will not solve 

itself. More and more private companies have entered the rocket launch market in recent years 

and resulted in the possibility for the creation of more space debris (Tallis, 2015). According to 

Adilov et al. (2015), these firms will try to maximize their profits by all but ignoring the problem 

of space debris created by their launch vehicles. In order to make lasting change and slow the 

propagation of space debris, scientists and engineers alike must approach it as an economic issue 

and incentivize activities that mitigate pollution. If they do not take this approach, space debris 
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will continue to impact space activities and, if Kessler is correct, could cut off access to space for 

good (Adilov et al., 2015). 

 

The costs of space debris 

 As noted in the section above, space debris is not going anywhere anytime soon, so 

satellites will have to encounter and deal with them. Schaub, Jasper, Anderson, & McKnight 

(2015) provide an excellent overview of the direct, indirect, political, and environmental costs 

associated with space junk. The findings presented in that paper are summarized below.  

The direct costs associated with satellites and space debris includes any action that deals 

directly with the physical satellite from launch to re-entry. Many spacecraft include small debris 

shielding; however, any weight added to a satellite must be accounted for when launching, so 

adding extra shielding means using more fuel to get to orbit. The same is true for extra 

maneuvering fuel—additional weight means extra costs. Satellite operators must also consider 

downtime a direct cost of space debris. Moving a craft to avoid a piece of junk might cause a 

communications or navigation satellite to not be available for some amount of time. This time is 

highly valuable, and represents lost profit to the operator. Military satellites operate in a similar 

way except that downtime becomes lost capabilities for troops on the ground.  Satellite insurance 

is also a huge up front cost since LEO and GEO insurance premiums combined are nearly $800 

million per year worldwide. Most of this cost results from satellites breaking down over time, but 

Schaub notes that insurance companies are beginning to consider space debris a large threat to 

spacecraft which could potentially raise premiums on operators (Schaub et al., 2015). 

Indirect costs are not well understood since they are, by their nature, difficult to measure. 

Schaub focuses on the United States Air Force’s Space Situational Awareness (SSA) capabilities 

when he notes “…the USAF freely provides tracking, conjunction, and some Collision 

Avoidance (COLA) analysis for most satellite operators today” (Schaub et al., 2015). With ever 

increasing space debris, the USAF will be more pressed than ever to provide tracking 

information to operators who depend on it for collision warnings. Between 2006 and 2015, the 

USAF spent around $5.3 billion on SSA operations. This number will only increase as space 

debris becomes a larger problem and more satellites are launched (Schaub et al., 2015). 

Political costs are associated with both international law regarding spaceflight liability 

and the reputation that a satellite operator accrues over time. Without digging into the deep 
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technicalities of international space law, a basic overview is that the country that a rocket 

launches from assumes the liability for damage caused by it both in space and on Earth (Schaub 

et al., 2015). The law makes no distinction between public or private launches; the country bears 

the responsibility. The problem occurs because international law also recommends that satellites 

be put into orbit so that it will re-enter the atmosphere after twenty-five years of non-use. 

Though the guideline seeks to minimize space debris, it leaves a private or public organization 

open to liability charges from international law, since the re-entry will be uncontrolled and could 

possible cause damage on the ground. This would also effect the reputation of the operator; 

possibly giving them a black eye that could reduce the amount of business they receive (Schaub 

et al., 2015). 

The last group of costs deals with the environment in space. If a satellite is hit by a piece 

of space debris, this creates more debris which threatens other satellites in the immediate 

vicinity. The 2007 Chinese ASAT test is a prime example of this cost because it produced the 

same amount of debris as 16 years of launches according to Schaub et al. (2015). Another test of 

this nature could end mankind’s use of that orbital range—which happens to be one of the most 

used by satellites. Schaub et al. (2015) goes on to theorize that “collisions…can be considered 

a[n] enhancer/multiplier for all previous costs,” meaning that collisions, though disastrous on 

their own, will only multiply the direct, indirect, and political costs associated with space debris.  

 

Current space debris policies in the United States and abroad 

 United States National Space Policy is a set of guidelines and suggestions for both 

industry and government that has been released by the White House during every administration 

since President Eisenhower. Since 1988, the United States has recognized the importance of 

dealing with space debris and included it in the national space policy. In 2010, the Obama 

Administration released their vision for space policy, which included a set of guidelines titled 

“Preserving the Space Environment and the Responsible Use of Space.” These goals set forth in 

this section include the adoption of standards to minimize debris, the development of space 

situation awareness resources to track and monitor debris, the adherence to the United States 

Government Orbital Debris Mitigation Standard Practices, the pursuit of technology to mitigate 

debris, and the maintenance and improvement of international “space object databases” (The 

White House, United States Government, 2010). About half of these guidelines are reactionary in 
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nature; they are simply responding to the symptoms of the over population of space debris. The 

other half are active; they seek to either stop the problem before it begins by adhering to strict 

mitigation guidelines or pour money in research of how to remove orbital debris. 

The United States Government Orbital Debris Mitigation Standard Practices is a separate 

and more detailed standard practices document that has been released since 1997. The most 

recent version from 2001 is organized into four different objectives: control of debris released 

during normal operations; minimizing debris generated by accidental explosions; selection of 

safe flight profile and operational configuration; and post mission disposal of space structures 

(Orbital Debris Office, NASA and Department of Defense, 2001). Each of these incorporate the 

idea that objects in space should either re-enter the atmosphere within twenty-five years or re-

located to a different orbit after mission end (Percy & Landrum 2014). In the US government, 

there are six different organizations that control different aspects of space (NASA, DoD, FCC, 

FAA, NOAA, and the NSA) that all have slightly similar takes on these guidelines (Percy & 

Landrum 2014). Even though the six different agencies have different ideas on the US 

Government Standard Practices, all of the guidelines set out are active in scope. They all seek to 

actively cut down on space debris through controlling debris release, limiting accidental 

explosions, or disposing of spacecraft at the end of their mission (Percy & Landrum 2014). 

Internationally, the United Nations Office for Outer Space Affairs sets guidelines in a 

similar way that the US Government has done. In 2010, this office released their Space Debris 

Mitigation Guidelines of the Committee on the Peaceful Uses of Outer Space. Many of the 

guidelines are similar to those of US National Space Policy and the Standard Practices; the ones 

that are operationally different call for avoiding intentional destruction and other harmful 

activities, passivating spent stages and satellites, and limiting the interference that spacecraft 

have with GEO (Office for Outer Space Affairs, United Nations, 2010). There are other 

international treaties that set rules for spaceflight, liability, and sovereignty in space, but none 

deal specifically with space debris. 

 

Effectiveness of US and International space policy 

 The policies outlined above need to be analyzed on an international stage in order to see 

the full effect they have. All three sets of guidelines deal with some form of passivation, which 

has “greatly helped reduce the small debris growth” since, prior to 2009, most debris came from 
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explosions of residual fuel or batteries (Schaub et al., 2015). All three sets of guidelines also 

suggest adherence to the 25-year rule. According to Percy & Landrum (2014), this would cause a 

massive slowdown in creation of space debris in the future. In this sense, the policy is not 

effective right now, but has potential to be in the future. Most of the other guidelines also fall 

into this idea: they could be extremely effective if entities actually adhered to them. 

 Although the US National Space Policy and the United Nations policy have potential to 

better the space environment, they currently have fatal flaws.  The most glaring one is the nature 

of guidelines: they are merely suggestive, not mandatory. Some even offer waivers if certain 

criteria can be met (Percy & Landrum, 2014). Percy & Landrum (2014) make the following 

point during the argument against the use of guidelines:  

“In fact, the standard practices are all written with the legal passive voice, using ‘will’ 

statements rather than ‘shall’ statements, implying that they are truly guidelines and not 

actual rules.” 

 This is far from the only flaw with these policies. Weeden (2011) raises a myriad of 

arguments specifically against the United Nations guidelines, but most of them can also be 

applied to the US National Space Policy. He argues that the UN guidelines are ineffective since 

they do not prioritize objects for removal. The amount of objects in space makes it nearly 

impossible to choose which ones present the largest threat, so a clear and concise set of rules are 

needed to guide in the cleanup of space. He makes the excellent point that according to the 

International Outer Space Treaty (which the US is party to) only the country where an object was 

launched from has the authority to destroy or deorbit it. If an object’s origination cannot be 

determined, any other entity is legally handcuffed from committing to a course of action. He 

goes on to take issue with the use of active debris removal (ADR), which was mentioned as a 

research goal in US National Space Policy. ADR is inherently dangerous to the environment 

around a target since it involves maneuvering a spacecraft close enough to interact with a piece 

of debris (Weeden, 2011). Another flaw of these policies is that ADR systems could be used to 

destroy or remove a functioning satellite from orbit. The current guidelines offer no assurances 

of positive uses for ADR, and any country could theoretically use it for negative intent. Overall, 

there are many more flaws than positives to current space policy (Weeden, 2011). 
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Supporters and detractors of current US and International policy 

 Satellite operators seem to have the most to lose if policies change. As seen in section six, 

operators are attempting to make the most profit they can by participating in as little debris 

mitigation as possible. If policies like those suggested by the United Nations became mandatory, 

satellites design would change drastically to account for additional fuel for avoidance maneuvers 

or “end of mission disposal” (Percy & Landrum, 2014). Redesign would drive costs up and 

profits down; thus, satellite operators currently oppose changes in space policy.  

However, some satellite operators are also in favor of a policy change. By creating a safer 

orbital environment for satellites, they reduce the satellite’s risk of being hit by space debris 

which would prevent huge direct, indirect, and political costs as seen in section seven. A change 

in policy that favors stricter mitigation guidelines (or rules) also reduces the chances of the 

Kessler Syndrome occurring. Space commerce associated with satellite use is “currently a $16 

billion per year industry” (Percy & Landrum, 2014), so a massive cascading collision theorized 

by Kessler could turn a $16 billion industry to nothing in just a few years. 
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