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Abstract 

The large amount of space debris in the LEO region poses a constantly increasing threat 

to our satellites and future space-based missions of all kinds. The purpose of this thesis is to 

analyze the growth in the amount of debris within the regain of space between 200km and 

2000km, and to make a projection of future levels of debris density. I will be documenting the 

overall distribution of the debris and how that affects current and future satellites. 

Materials 

 Desktop Computer for running ORDEM 

 Ordem2000, Modeling software 

 UCS (Union of Concerned Scientists) Satellite Database 

 Excel 
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 Introduction 

Earth orbits are separated into 3 groups. The first group is HEO (High Earth Orbit) and it 

is located at or above 36,000km. The next region is MED (Middle Earth Orbit) which is located 

between 2000km and 36,000km. The lowest region of space is the LEO (Low Earth Orbit), 

which is the region of space below 2000km. The LEO contains about 1/3 of the total number of 

active satellites today, most of the rest can be found in the GEO (geosynchronous earth orbit) 

near HEO
1
. GEO is an orbit that rotates around the earth at the same speed the earth rotates. 

 Most of our modern communication satellites which we rely on for things like satellite 

television are located in GEO at around 35,786km, and have an orbital velocity of about 

3.07km/s.
 2
 This allows them to stay stationary relative to the ground while operating. A large 

                                                           
1
 UCS satellite database 

2
 http://www.centennialofflight.gov/essay/Dictionary/GEO_ORBIT/DI146.html  

 

http://www.centennialofflight.gov/essay/Dictionary/GEO_ORBIT/DI146.html
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earth-based antenna can point in a fixed direction to maintain a strong connection to the satellite. 

The risk of debris and collisions is also much smaller for several reasons at HEO.  

The first reason is that all the satellites in this region are relatively stationary with respect 

to the ground they orbit over, which implies that they will all be just as stationary with respect to 

each other. The velocity of each satellite is also much lower than LEO because the high orbital 

altitude requires a much lower speed to stay in orbit. Most of the debris that comes from things 

multi-stage boosting rockets either gets trapped in LEO or travels past HEO and does not return.  

Any debris that is caused in GEO will tend to travel with the satellites instead of against them.
3
 

LEO satellites are much different from their HEO counterparts. Since they cannot 

maintain a GEO and need to travel much faster, they completely circle the earth many times in a 

single day. The average satellite in LEO moves at around 8km/s and they don’t all orbit in the 

same direction like the GEO satellites do
4
. Some LEO satellites have polar orbits, some stay with 

the equator, some do nether. The debris located in LEO travels at these high velocities with many 

diverse types of orbits. 

Around 12 percent of the total space debris population are objects involved in normal 

satellite deployment. Objects in this category include fasteners, nozzle covers, lens caps, straps, 

and multiple payload mechanisms. Another large contributor of space debris is the slag from 

solid rocket motors. The fragmentation of the upper stages of satellites and spacecraft accounts 

for around 43 percent of all the current identified space debris. The vast majority of objects 

larger then 5cm are from this source. 

 In orbit explosions account for about 36% of space object breakups. Accidental 

explosions happen to both currently in operating and abandoned satellites. Malfunctioning 

                                                           
3
 http://orbitaldebris.jsc.nasa.gov/library/UN_Report_on_Space_Debris99.pdf page 28 

4
 http://orbitaldebris.jsc.nasa.gov/library/UN_Report_on_Space_Debris99.pdf page 32 

http://orbitaldebris.jsc.nasa.gov/library/UN_Report_on_Space_Debris99.pdf
http://orbitaldebris.jsc.nasa.gov/library/UN_Report_on_Space_Debris99.pdf
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propulsion systems can fail catastrophically.  Batteries can overcharge from solar panels and 

rupture.
5
 At one time the United States and Russia had both done tests with what are known as 

anti-satellite weaponry. This was halted in the early 1980s and the Current United Nations policy 

strongly discourages such testing do to the impact it has on the LEO region. On January 11
th

 

2007, the Fenyun-1C Chinese weather satellite was intentionally detonated with an anti satellite 

weapon. This 960km satellite was orbiting at 865km when the missile test was conducted. The 

result is the single largest pollution of LEO in the past 50 years.  Due to the relatively recent 

nature of this event I was unable to include it in the predictions. However it’s still worth 

mentioning because it will only help fuel the problems this thesis covers.
6
 

Satellite cell phones are a good example of why LEO satellites are necessary.  A phone 

does not have a large directional antenna and it can’t broadcast to 36,000km by itself. Instead 

they must rely on LEO safelight clusters to function.  Satellites that take pictures of the earth, 

either for science or espionage, need to move over a variety of positions on the globe. GEO 

would only allow them to take pictures of one general area, also it is much harder to take photos 

at that altitude due to the great distances involved. The LEO region is invaluable, and this is why 

it’s the focus of this thesis. 

Debris 

It is very difficult to put a number on the space debris density. There are several reasons 

for this. The first reason is that as the altitude changes, so does the density. However it is not just 

altitude that causes variability in density numbers, it is also the locations of the debris in latitude 

and longitude. These conceptual graphs are taken from the 100um object densities in the year 

2008. It’s important to understand where the space debris are located, and why they are there.   

                                                           
5
 http://orbitaldebris.jsc.nasa.gov/library/UN_Report_on_Space_Debris99.pdf page 32 

6
 http://orbitaldebris.jsc.nasa.gov/newsletter/pdfs/ODQNv11i2.pdf page 2 

http://orbitaldebris.jsc.nasa.gov/library/UN_Report_on_Space_Debris99.pdf
http://orbitaldebris.jsc.nasa.gov/newsletter/pdfs/ODQNv11i2.pdf
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Figure 1 Density of 100µm objects/m^3 from 200km to 500km in 2008 at multiple latitudes. Nearly all the debris is crusted 
near the equator. 

This first graph shows the density in objects/m^3 from 200km to 500km. These data 

points are taken every 10 degrees of latitude. Stating with 90 bring directly above the North Pole, 

0 being the equator, and -90 referring to the South Pole. If this graph was wrapped along the 

earth from top to bottom, and then projected around 360 degrees, it would be the 3 dimensional 

distribution of debris. 

There is a much larger concentration near the equator than at the poles. However it does 

not peak in the middle, instead it has 2 maxima around 20 and -20. At 200km the peaks are low 

with respect to the middle so it does appear to have general maxima around the equator at 

200km.  
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When I looked at higher altitudes this did not stay the same. As the altitude approaches 

500km it becomes obvious that the peaks are significant. The local minimum between the 2 

peaks is .3 objects per cubic meter at 500km, and the peaks reach up to .44 and .53. If we look 

closely at the 500km line, we can see two distinct small peaks developing near the +/- 80 mark. It 

is difficult to see the significance of this by only looking at the 500km graph. My next range of 

attitudes is from 550km to 850km. In this graph, the +/- 20 humps still exists, but they are joined 

be 2 more local maxima, one on each side at +-80. 

 

Figure 2 Density of 100µm objects/m^3 from 550km to 850km in 2008 at multiple latitudes. Debris is clustered near the 
equator and near the polls. 
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By 950km, the +/-80 peaks in density are actually larger than the ones located near the 

equator. In order to explain these 4 peaks properly, I need to better describe what the graph and 

data are portraying. 

Ordem2000 is averaging over longitudinal rings in the sky. The debris at and near the 

equator are located in a large ring around the planet. The debris near the North Pole and South 

Pole 80 degree mark are smaller clusters that sit above and below the planet. This means that 

each peak at +/-80 is actually two peaks, one at +/-80, and the other at +/-110. The equatorial 

peaks form a ring around the planet, while the polar peaks indicated something slightly different. 

If the polar density peaks were caused by a vertical ring of debris, we would expect to see higher 

densities in the +/- 40 to 70 range because the ring would pass though this area. The data are 

showing that the debris only become thicker near the poles. It’s impossible for something to orbit 

just the North Pole, however. The orbit that best explains this is that there are many groups of 

debris in unique polar orbits that are intersecting near the poles. Polar orbits are more common at 

higher altitudes, so it makes sense that the +/- 80 degree peaks did not appear initially. 

The next group is from 900 to 1200. The trend of the debris rings that cross near the poles 

continues to increase. In this altitude range the equatorial grouping of debris has actually become 

the less dominant group. This might be an indication that polar orbits are more common at these 

altitudes then equatorial orbits. The 1250 to 1550 range is nearly identical to the 900 to 1200 

range as you can see below. 
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Figure 3 Density of 100µm objects/m^3 from 900km to 1200km in 2008 at multiple latitudes. Debris is clustered more near 
the polls then the equator. 

 

Figure 4 Density of 100µm objects/m^3 from 1250km to 1550km in 2008 at multiple latitudes. Debris is clustered more near 
the polls then the equator. 
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This reign of space from 850 to about 1500 is going to be combined into the 3
rd

 group of 

LEO space. Unlike the first 2 regions, the density is decreasing as the altitude increases. The 

polar peaks are decreasing the fastest, and by 1600km they are nearly the same magnitude as the 

equatorial peak.  

The final reign is from 1600km to 2000km; it’s the farthest reaches of the LEO orbital 

space and has much lower densities of both satellites and debris. 

 

Figure 3 Density of 100µm objects/m^3 from 1600km to 1950km in 2008 at multiple latitudes. Debris cluster tends towards 
the equator as the altitude increases. 

Past 1600km, the polar regions no longer dominate the graph. The reason we continue to see a 

grouping of debris at the equator is because the GEO satellites and other space missions travel 

through this region of space on the way to their destinations.  
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Calculations 

This presentation of debris data are created by an application known as ORDEM2000, 

which stands for Orbital Debris Engineering Model. It incorporates observation data from both 

space and ground-based observations covering an object size range from 10 u, to 1m. The 

program does not output an average density at a particular altitude, but instead it uses a specific 

latitude above the earth. In order to calculate a rate of growth for the debris size I needed to 

simplify this varying density into an average density.  

Since I had studied the distribution of the density, I knew that it would not be appropriate 

to just focus on one particular latitude such as the equator. Instead I took data from every 10 

degrees starting at the North Pole and ending at the South Pole. This gives me 19 data points to 

average over. 

Latitude = 80, Observation Year = 2008 

 

Table 1 Data from ORDEM for the year 2008 at 80 degrease latitude.  
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This is just one of the 19 data tables from the year 2008. I used 8 years of data which 

means in total I have 152 tables like the one above. Each table has a calculation of the number of 

objects per cubic meter of volume (the density of the debris). The density is broken down into 36 

altitudes ranging from 200km to 1950km, and separated into 6 size groupings. This information I 

will use to calculate a rough rate of change in the density of debris. 

The first decision is how to combine the 19 measurements into one average density for 

that altitude. Originally I assumed that focusing on the equator would give the most consistent 

results.  However once I closely observed of the debris density changes with respect to latitude, I 

realized that any average based on the equator would not be appropriate. This, and the fact that 

I’m only looking for a relative increase between the years, lead me to doing an average across all 

19 data points 

     
      

       
 

 

 

          

DyA is the overall density (D) for a given year (y) at a particular altitude (A). The error I 

am using is the standard deviation. The last term (  
   in both equation is just to deal with the 

fact that there is only one zero degree measurement 

        
      

 
     

            
        

  
 

  
 =     

The standard deviation shows the quality of this approximation, and gives a guideline as to 

whether the line fit is plausible or not. The following tables are just the first 5 (200km to 400km) 

altitudes from the year 2000. It includes the data for all 19 of the sampling angel used to create 

the average for these altitudes. This is roughly 1/8
th

 the total data for just the year 2000. The total 

data would be from 200km to 1950km. 
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Table 2 Data from the year 2000 including all 19 latitudes from 200 to 400km. 
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This information is then averaged together with the equations above to form the 

following table. This table contains the density average and standard deviation for a given 

altitude for each of my 6 size groupings. 

 

 

Table 3 The averaged data from table 2. This table Includes the standard deviation of the average. 

At this point I need to break the six groupings apart and arrange them into their own 

tables spanning the nine years from 2000 to 2008. The following table is for all the averaged 

debris densities for the 10um size range. The graph contains the density for each latitude as well 

as the standard deviation for that density directly under it.  
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Table 4 The averaged data for 10um from 200 to 1950km. The 3 highlighted regions are graphed in figures 6, 7 and 8. 
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These numbers now get inputted into the least square fit equations in order to make my 

predictions. I isolated three out of the 36 altitudes to look at more in depth. They cover three 

places of interest in the LEO region.400km is where a few low-orbiting satellites can be found. It 

is also where the equatorial debris are much more dominant then the polar debris. 800km is near 

higher regions of orbit, and at this point the polar debris are more dominant. 800km also tends to 

be a greatly populated region of space for LEO satellites. 1200km would be rather high for a 

LEO satellite but it’s still a populated region.  

 

In order to fit a line to the graph I will be using the technique known as vertical least 

squares fitting 
7
 

                            

                          

     

  
                      

     

  
                    

After solving for b and m we get 

  
           

            
      

          

           
 

These equations will create a line that best follows the data. The slope of the line is the 

current rate of increase in objects per cubic meter each year. By using this slope and intercept I 

was able to extend the line out to the year 2030. This is how I will be making my rough 

estimations for how much the debris around the earth might increase over 20 years.  

                                                           
7
 http://mathworld.wolfram.com/LeastSquaresFitting.html 

http://mathworld.wolfram.com/LeastSquaresFitting.html
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Figure 6 The 10µm objects/m^3 from 2000 to 2008 at 400km. This is the data from table 4. The error bars show the 
standard deviation. 

According to the UCS satellite database there are only 13 satellites currently orbiting in 

this reign and below.
8
 Most of the debris is from satellite launches and tends to be clustered in 

the equatorial region which is why FIGURE 1 showed little activity outside the equator. Most of 

the debris in this region is unrelated to the satellites that occupy it. This is a region of great 

interest however, because the International Space Station orbits at around 400km. 
9
 Debris in this 

region will only stay there for several months or a few years.
10

 This is why the reagon has such 

dramatically lower amounts of debris then the other two. 

                                                           
8
 UCS satellite database 

9
 http://spaceflight.nasa.gov/realdata/tracking/index.html  

10
 http://www.orbitaldebris.jsc.nasa.gov/faqs.html#12  
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Despite this rapid decay in debris, the debris in the region is still increasing quite rapidly. 

This means that the amount of debris entering the area is even larger then the data suggests, 

because it naturally has a faster decay rate.  

 

Figure 7 The 10µm objects/m^3 from 2000 to 2008 at 800km. This is the data from table 4. The error bars show the 
standard deviation. 

The vast majority of LEO satellites can be found in the region of space between the 

800km and 1200km ranges. At around 800km, the time for orbital decay of space debris is 

measured in decades. 
11

The high density of satellites and long persistence of space debris makes 

this region of space the largest danger zone for what is known as the Kessler syndrome
12

.  

Proposed by Donald J. Kessler, the Kessler syndrome describes how collisions between satellites 

and space debris could release more debris that would significantly elevate the risk of a collision. 

The implication is that the increased debris levels would lead to more collisions until the effect is 

so great that space exploration or satellites become unusable.   

                                                           
11

 http://www.orbitaldebris.jsc.nasa.gov/faqs.html#12  
12

 Collisional cascading: The limits of population growth in low earth orbit 
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Figure 8 The 10µm objects/m^3 from 2000 to 2008 at 1200km. This is the data from table 4. The error bars show the 
standard deviation. 

The peak of debris is around the 1200km mark. Past 1000km, the debris orbital lifetime is 

no longer measured in decades, but instead in centuries. 
13

Everything we put into space at this 

altitude is going to stay there for a very significant amount of them. Some satellites are able to 

force themselves into a decaying orbit near the end of their missions, but many are unable to do 

so due to mechanical or power failure.  

The goodness of fit calculation is a measurement of how well the line fit is approximating 

the data. . R^2 off .9 and .8 are decent approximations, .6 and .7 are so-so, and anything .5 or less 

is a poor approximation.  The equation for R^2 in vector form is
14

 

                   
 

                    
     

 

                                                           
13

 http://www.orbitaldebris.jsc.nasa.gov/faqs.html#12  
14

 http://mathworld.wolfram.com/LeastSquaresFitting.html  
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This was enough information in make my predictions for the increase in the debris levels 

in the LEO. The following six tables are the final results for this calculation. They contain the 

data from the year 2000 to 2030 every 5 years, as well as the percent increase from the year 2000 

to the year 2030. The r^2 value shows how well I am able to fit a line to the data. 

 

Table 5 The 10µm debris trend shortened into 5 year snapshots. This includes the percent increase in density from the year 
2000 to the year 2030, as well as the goodness of fit value for the measurement of how well the data fit a linear 

approximation. 
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In the 10µm graph, the first thing I notice is that I have really poor values for R^2 around 

the 1400 mark. In this region of space the amount of debris currently entering area is very low. 

We see a correlation between the percentage of increase and the value for r^2. However, when I 

looked at the highest percent increase, I saw a diminished value for r^2 again. The 200km data 

show an alarmingly high increase, but only manages to get an r^2 value of .73. This is because 

exponential or power series might fit that particular data better.  

The 600-800 km region shows a large and consistently liner growth of debris. The entire 

region is expected to get a 300% increase in this 30-year span. This is the important area to 

watch because of its high population of satellites, debris, and long decay periods. 

 

Figure 9 The 10µm objects/m^3 at 2008 and 2030 from 200km to 1950km.  
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Table 6 The 100µm debris trend shortened into 5 year snapshots. This includes the percent increase in density from the 
year 2000 to the year 2030, as well as the goodness of fit value for the measurement of how well the data fit a linear 

approximation. 

 

In the 100um results I see an even larger increase in the 600km to 1100km region, 

peaking at around a 650% increase with a .96 value for r^2. I continued to see an increase in the 
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200km region, but much lower amounts of debris in the 250-400km region then the 10um 

results. An unexpected but continuing trend is the accurate increase in the debris near the 

2000km region.  

 

Figure 10     The 100µm objects/m^3 at 2008 and 2030 from 200km to 1950km.  
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Table 7 The 1mm debris trend shortened into 5 year snapshots. This includes the percent increase in density from the year 
2000 to the year 2030, as well as the goodness of fit value for the measurement of how well the data fit a linear 

approximation. 
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The 1mm results are a more subdued version of the first two. There is a smaller but 

definite increase in the region around 800km. Another clear increase appears in the 200km space 

with a curious increase near the 2000km mark. 

 

 

Figure 11     The 1mm objects/m^3 at 2008 and 2030 from 200km to 1950km.  
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Table 8 The 1cm debris trend shortened into 5 year snapshots. This includes the percent increase in density from the year 
2000 to the year 2030, as well as the goodness of fit value for the measurement of how well the data fit a linear 

approximation. 

 

The 200km data immediately jumped out at me. Over %1000 increase is much more 

substantial than anything I had seen thus far, However the r^2 number paints a different picture. 
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This region of space has very few objects this large. The data were far too inconsistent to predict 

anything in that area. The 200km to 400km region does show a dramatic increase which seems to 

be accurate. This growth is much larger than the 800km region which is another new trend.  

This table also contained my first calculated decrease in space debris. The 1050 data 

appear to be extremely inconsistent; however the 900km seems to be fairly accurate. Its looks 

like it is overestimating, but there is a clear fall off in density increase around the 900km mark. 

Once again there is a clear increase near the 2000km mark with a large value for r^2 backing it 

up. 
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Table 9 The 10cm debris trend shortened into 5 year snapshots. This includes the percent increase in density from the year 
2000 to the year 2030, as well as the goodness of fit value for the measurement of how well the data fit a linear 

approximation. 

These gigantic-by-comparison hunks of space debris occur too infrequent to accurately 

measure their increase in density. This is especially true below 1000km, where most of them fail 

to get a value larger than .60 for r^2.  There are two regions of space often get consistent enough 

data to fit a line to it: The 1350km regain and the 2000km region. 
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Table 10 The 1m debris trend shortened into 5 year snapshots. This includes the percent increase in density from the year 
2000 to the year 2030, as well as the goodness of fit value for the measurement of how well the data fit a linear 

approximation. 
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These massive hunks of trash in the sky are mostly entire dormant safelights and multi-

stage rocket parts. The rate of growths is much smaller, but there are extremely good values for 

r^2 considering how small these densities are. While the level of destruction two dead satellites 

might cause after colliding with each other is quite large, it has an extremely low probability. 

The increasing levels of objects around 1mm are a much larger cause for concern because they 

can damage delicate instruments on satellites. The spike around 1400km is most likely leftover 

parts from multi-stage rockets while the 800km and 900km are more likely to be dead satellites. 

 

Figure 12 The 1m objects/m^3 at 2008 and 2030 from 200km to 1950km.  

The last 3 tables contain all the numbers for how the space debris will grow from 2009 to 

2030. It includes all 36 altitudes for each of the 6 size groupings. 
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Table 11 The complete set of data from 2009 to 2030 for 10µm and 100µm. 
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 Table 12 The complete set of data from 2009 to 2030 for 1mm and 1cm.
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Table 13 The complete set of data from 2009 to 2030 for 10cm and 1m. 
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Conclusion 

 The intent of this thesis was to learn how much space debris there is around the earth, 

where it is located, and how fast it is growing. The debris is located in 3 major regions. The first 

is the large band around the equator that dominates the 200km to 500km region. The second and 

third are the clusters at the North Pole and the South Pole, which are significant past 600km until 

falling off at around 1500km. 

 That rate of growth is alarming in many populated regions of LEO. The 100µm data 

around 900km show a 655% increase with a r^2 of .93. The 600km to 1200km region in general 

shows strong levels of increase. This is a region of space that is both heavily populated by 

satellites, and has extremely long orbital decay periods.  The 200km to 400km data show heavy 

increases that are not linear. While this lower region of space will clean itself up fairly quickly 

due to the extremely short orbital decay time, it is evidence that we are not currently doing 

enough to limit the spread of debris into the LEO region of space.  

 

Table 14   Percent increase from 2000 to 2030 and the goodness of fit for linier approximation used to derive that. This 
includes all 6 object sizes from 200km to 1950km. 
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