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ABSTRACT

Current space object population models and license fil-
ings project an increase over the next decade in both the
number of new space operators and the number of total
objects in orbit. This growth in space activity has spurred
a large body of research focused on quantifying the risks
space missions pose to the space environment, specifi-
cally with regards to the potential for satellite collisions
and breakups to generate on-orbit fragment clouds. An
important step in this risk quantification is gaining a bet-
ter understanding of the composition, sources, and exist-
ing risk associated with the current space object popula-
tion, including both commercial and government activi-
ties.

Many space activities, particularly early government ac-
tivities, precede modern best practices and standards
for space safety, which in turn has caused government
space activities to be a major source of derelict satellites,
discarded rocket bodies, and debris-generating on-orbit
breakups in low Earth orbit (LEO). However, there is lim-
ited unified research consolidating government mission
and breakup event data to fully capture the space safety
risk generated by these activities. This paper compiles
debris generation data from NASA’s History of On-Orbit
Satellite Fragmentations and tracking data available via
LeoLabs to capture a holistic profile of the current-day
debris risk generated by government and commercial as-
sets.

We consolidate data for space activities and group them
by debris-generation event type (fragmentation debris,
operational/non-operational payload, or rocket body),
year, commercial vs government ownership, and country.
We then compare this breakup data across the above cat-
egories to derive insights on trends and common threads.

Using these methods, this paper presents a consolidated
analysis that combines important space safety data from
disparate sources into a single resource and leverages this
consolidated database to derive valuable insights into the
space debris risk created by government satellites, rocket
bodies, and anti-satellite tests. Quantifying this potential
impact is critical to identifying the drivers of on-orbit risk
for current LEO activities and understanding the long-
term impacts of future space safety initiatives. These ob-

servations may also serve to motivate the source for fund-
ing for eventual active debris removal activities.

Keywords: space debris; fragmentation; space safety;
space sustainability.

1. BACKGROUND

Space object population models and license filings
project a large increase in new space operators and ac-
tive space objects over the next decade [1]. With this
growing number of objects comes the need to better un-
derstand and mitigate the risk posed to active satellites
by the existing space debris environment. This environ-
mental risk can be broadly attributed to two main cat-
egories of on-orbit debris. The first category includes
small fragmentation debris from anti-satellite tests, on-
orbit breakups, and collisions. Debris in this category is
<10 cm in diameter, which makes these particles not typ-
ically trackable using ground-based sensors. This frag-
mentation debris impacts the reliability and functionality
of operational satellites and can even generate additional
debris through collisions with satellites and rocket bod-
ies. Additionally, collisions with these small particles can
damage critical components on active satellites, render-
ing them non-maneuverable or unable to perform their in-
tended mission. The second category includes trackable
derelict objects such as non-operational satellites, derelict
rocket bodies, and large fragments > 10 cm in diameter.
These objects are trackable using ground-based radars,
and can typically be avoided by satellites equipped with
active propulsion systems. However, they still pose a risk
to operational assets and can potentially collide with each
other to produce more fragments. Modern regulations
and best practices such as NASA’s Orbital Debris Miti-
gation Standard Practices (ODMSP) [2], which was first
published in 2001, or the Inter-Agency Space Debris Co-
ordination Committee (IADC)’s Space Debris Mitigation
Guidelines [3], published in 2002, provide guidelines that
help operators design their missions to minimize the risk
of additional debris generation. These guidelines include
limitations on the amount of time that debris can remain
on-orbit, methods for safely disposing of satellites at the
end of their mission, requirements that satellite operators
design their spacecraft to decrease the risk of accidental
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explosions, and criteria for adjudicating collision avoid-
ance maneuvers. However, many on-orbit objects were
launched prior to the publication of these guidelines.

Various studies have attempted to analyze the risk posed
by these two categories of objects. McKnight et al. com-
piled a number of ranking methodologies from an inter-
national group of experts to rank the ”top 50” objects
in space by debris-generation potential [4]. Other work
has focused on the risk generated by particular debris-
generating events such as the 2009 Iridium-Cosmos col-
lision [5] or the 2007 destruction of a Fengyun 1-C rocket
body by a Chinese Anti-Satellite test [6].

Much work has focused on the problem of cataloging this
debris, in order to provide a dataset for researchers to
use for analysis. For large objects, the 18th Space De-
fense Squadron operates space-track.org which publishes
radar-based ephemerides for trackable debris objects [7].
Commercial Space Situational Awareness data providers,
such as LeoLabs, also catalog on-orbit debris [8]. An-
other important source is NASA’s History of On-Orbit
Satellite Fragmentations which reports data on all known
on-orbit breakups including the number of trackable frag-
ments and the ownership of the participant objects [9].

This paper takes commercial SSA data from LeoLabs
alongside fragmentation data from NASA to produce
statistics on the ownership, orbital parameters, and object
types of existing on-orbit debris in low Earth orbit (LEO),
focusing on trackable debris objects (typically ¿10 cm).
These statistics help capture potential trends and behav-
iors that have historically contributed to debris genera-
tion.

2. METHODOLOGY

This paper analyzes data from NASA’s History of On-
Orbit Satellite Fragmentations, 16th Edition and Leo-
Labs data as of January 31, 2025.

2.1. Object Counts

LeoLabs’ curated catalog contains tags for current oper-
ational payloads that are based on open-source reporting.
These tags delineate between commercial, government,
and academic payloads. For this paper, these tags were
extended beyond operational payloads to encompass non-
operational payloads, rocket bodies, and fragments. Ex-
tending these tags required the following assumptions.
These assumptions will be refined on an individual ob-
ject level in future work:

• All communications satellites are tagged as com-
mercial. Although the vast majority of worldwide
communication satellites in LEO are part of com-
mercial LEO constellations, this is still a slight over-
estimate.

• Any non-operational payload launched before 2000
that is still-on orbit was tagged as a government en-
tity. This is also likely an overestimate, but only a
slight one given that the vast majority of launched
assets in LEO before 2000 were from government
missions.

• Commercial rocket bodies were classified as
SpaceX Falcon rockets, Rocket Lab Electron rock-
ets, and Chinese Long March CZ-6A rockets
launching known commercial payloads. A more de-
tailed analysis of the broader launch vehicle land-
scape will be assessed in future work.

• Only the top 75 fragmentation events were consid-
ered, with the vast majority of the fragments occur-
ring due to government encounters. Fragments were
assigned based on the originating object. For ex-
ample, the Iridium 33 - COSMOS 2251 collision
in 2009 yielded 157 Iridium fragments (tagged as
commercial) and 773 COSMOS fragments (tagged
as government).

In order to extend this data to capture all-time counts of
launched payloads, non-operational and operational tags
were combined into a single ”payloads” category.

This data was also tagged according to the country of ori-
gin, with the top 15 overall countries that accounted for
the most total objects being listed (each has more than 20
objects in LEO). All remaining countries (over 75) were
grouped into a category labeled ”Rest of World.”

2.2. Fragmentation Events

To analyze the causes of fragmentation events, we did a
cursory examination of the top 75 fragmentation events
with objects still on orbit. Breakup date, altitude, and
cause of cloud were derived from NASA’s History of On-
Orbit Satellite Fragmentations, 16th Edition. The count
of debris pieces (max and current) in clouds is based on
data from LeoLabs that is updated bi-monthly. Using this
data, we decided to further focus on the top 20 fragmen-
tation events, as those events each have more than 100
fragments on-orbit today.

3. RESULTS AND DISCUSSION

3.1. Overall Statistics

Figs. 1 - 3 capture spatial density curves by altitude for all
objects in the study, isolating only government objects,
and plotting only commercial objects. Combining these
with the historical counts in Tab. 1 reveals a few key
overarching insights. First, while the approximate num-
ber of commercial and government payloads and rocket
bodies is roughly equivalent (46% are commercial com-
pared to 47% government), the two types of missions



Figure 1. The spatial density by altitude for all objects
currently on orbit displays different altitude peaks for
each object type in LEO

Figure 2. Spatial density by altitude for government ob-
jects currently on orbit is dominated by fragments in 700
- 900 km range

Figure 3. Spatial density by altitude for commercial ob-
jects currently on orbit is primarily peaks of large con-
stellations of operational payloads

Table 1. Estimated Historical Counts of Launched LEO
Objects

Mission Type Payload Rocket Body Fragment
Academic 360 0 0
Commercial 10,300 130 2120
Government 5,800 4,800 31000
Unknown 1,000 0 0

have vastly different fragmentation debris contributions
(∼ 6% of fragmentation-debris is from commercial mis-
sions vs ∼ 94% from government). While more work is
necessary to fully explain the cause of this discrepancy,
the spatial density curves point to two primary reasons:

1) Best Practices: Fig. 1 captures the current spatial
density distribution of all objects in LEO and shows that
currently most active satellites are commercial. In fact,
almost 83% of commercial assets ever launched are oper-
ational on-orbit today, with the majority of these assets a
part of large LEO constellations. This means while the to-
tal count of government payloads and rocket bodies ever
launched is roughly equal to the total count of commer-
cial payloads and rocket bodies, many of the government
missions are older, predating modern best practices such
as guidelines for active collision avoidance, system re-
quirements to minimize the risk of explosions on-orbit,
and methods for the safe disposal of satellites and rocket
bodies. These best practices help lower the risk of debris-
producing breakups and decrease the number of derelict
rocket bodies in long-lasting orbits. Modern constella-
tion operators, on the other hand, have largely adhered to
these best practices [10] and have championed the devel-
opment of new standards [11].

2) High-Risk Orbits : The majority of the fragmenta-
tion debris currently on-orbit is in the 700 - 1000 km al-
titude range. The rocket body spatial density curve in
Fig. 2 indicates many past government and commercial
missions (both operational payloads and rocket bodies)
at or above that altitude range as opposed to the lower al-
titudes operated at by modern commercial missions. At
these altitudes, intact derelicts and fragments will remain
on-orbit for hundreds of years due to the weak atmo-
spheric drag force, which further increases the risk of
a debris-generating collision that can create more long-
lasting debris. Because launching into this high-risk re-
gion was more common in the past when government
missions were the primary mission category, government
satellites and rocket bodies were both more likely to con-
tribute long-lasting debris in this region as well as more
likely to be subject to this increasingly dense debris en-
vironment. As Fig. 3 shows, most commercial satellites
today (which are also the majority of commercial satel-
lites historically) are operating below this band and there-
fore are generally kept separate from this high-risk band,
which in turn makes them less likely to suffer a mission-
ending impact and less likely to leave long-lasting debris
in the environment.

These counts also show academic space activities have
historically contributed little to no fragmentation debris
on-orbit. Much of this is attributable to the smaller form
factors of academic cubesat missions, the lower altitudes
at which these missions tend to operate, and the relatively
recency of university Cubesat programs in the broader
timeline of space activities. Note that prior to the year
2000, many government and academic missions over-
lapped - with these missions primarily being attributed
to the ”government” category in this paper. Future work
will re-examine these classifications on a per-mission ba-



Figure 4. Current object counts by mission type and
country show Russia, China, and the United States ac-
count for nearly all fragments on-orbit today

Figure 5. Current object counts by government and com-
mercial missions display a rise in the number of countries
with operational payloads in both mission types

sis and might lead to the identification of different trends.

3.2. Object Data by Type and Country

We can derive further insights by grouping the data by
object type, mission type, and country of ownership. Fig.
4 and Fig. 5 provide greater insight into the primary
contributors in each category. Fig. 4 confirms some of
the assertions from the previous section - namely that
academic missions are lower contributors to total de-
bris counts than commercial and government missions,
and active operational commercial objects on-orbit vastly
outnumber non-operational ones, indicating these mis-
sions are generally more recent. The top three contribut-
ing countries to this commercial activity - China, the
United States, and the United Kingdom - can largely be
attributed to large LEO broadband constellations such
as the Qianfan constellation (currently 18 but planned
15,000) from China’s Shanghai Spacecom Satellite Tech-
nology (SSST) [12], the Starlink constellation (currently
7097 active on-orbit) from SpaceX in the USA [13],
and Eutelsat OneWeb’s constellation (currently 652 ac-
tive on-orbit) from the United Kingdom [14]. Fig. 5
also further highlights the disproportional historical con-
tribution of government assets to the orbital debris envi-

Table 2. Ratio of current debris objects to total payloads
launched (all-time) shows a distinct contrast in the num-
ber of non-operational payloads and fragments created
per mission, with commercial significantly lower than
government

Mission Type Non-Op Sats Rocket Body Fragment
Academic 0 : 1 0 : 1 0 : 1
Commercial 1 : 66 1 : 260 1 : 7.1
Government 1 : 3.9 1 : 6.2 1.6 : 1

ronment, with the primary contributors to orbital risk -
rocket bodies, non-operational payloads, and fragments
- all overwhelmingly contributed by government opera-
tors as opposed to commercial ones. This paper exam-
ines the ratio of current-day debris objects to the total
number of payloads launched, as in Tab. 2. From these
ratios historically, government missions have one non-
operational payload on-orbit today for every four mis-
sions, as opposed to commercial missions which have
one non-operational payload for every 66 missions. Sim-
ilarly, government missions seem more prone to generat-
ing long-lasting fragmentation debris, with 1.6 fragments
on-orbit today per mission launched as opposed to only 1
fragment for every 7 commercial missions. Further anal-
ysis is needed to validate these trends via forward pro-
jections, particularly given government activity has more
long-term data that can be analyzed over an entire mis-
sion lifetime. Additionally, this data only tracks the num-
ber of debris objects and not their mass or total induced
risk, both of which would help better contextualize the
impact of commercial vs government operators. How-
ever, this data supports that modern best practices, such
as faster deorbit times, higher reliability, and active col-
lision avoidance, have had some measurable decrease in
the quantity of orbital debris produced, even as the num-
ber of payloads has increased.

3.3. Fragmentation Data

Fig. 6 and Fig. 7 capture fragmentation data by country,
regardless of the type of operator. Both figures show the
three countries with the largest contributions to the frag-
ments on-orbit today are China, Russia, and the United
States, but which country has been the largest contribu-
tor changes depending on what metric is used. Fig. 6
shows China has contributed almost 40% of all fragments
on-orbit today, with Russia and the United States shortly
behind sharing similar contributions of 30% and 28% re-
spectively. However Fig. 7, which captures how many of
these Top 75 events involved missions from each country,
shows that China only has 5 of these events while Russia
and the United States have 40 and 26 respectively. This
indicates that the large amount of debris from Chinese op-
erators comes from a handful of large events, whereas the
United States and Russia have their contributions from



Figure 6. The most fragments on-orbit today are associ-
ated with China, then Russia, then the United States

Figure 7. Though China accounts for the most fragments
by count, the fragments are the result of only five frag-
mentation events

Figure 8. Only three of the top 20 debris clouds result
from commercial missions

Figure 9. Two-thirds of all government fragments results
from 17 fragmentation events

many smaller events. Further work is needed to quantify
the risk associated with each pattern of behavior. In par-
ticular it would be interesting to examine how the data is
impacted by most of the Chinese events occurring more
recently than those of the United States or Russia, and
how the total risk contributed by these events compares
to that of the American and Russian events closer to the
times of those breakups.

3.4. Top 20 Debris Clouds

In general, much of the fragmentation debris currently
on-orbit was generated by a small subset of events. This
is evident by isolating the Top 20 debris clouds by de-
bris count (all debris clouds with 100+ fragments still on-
orbit).

Figs. 8 - 13 show data just for the Top 20 fragmen-
tation events. This data highlights additional nuances



Figure 10. The two most recent commercial fragmenta-
tion events are from accidental explosions of rocket bod-
ies

Figure 11. Max fragment counts from government objects
of the top 20 events all occurred in object launched by
2000

Figure 12. Breakdown of the causes of commercial events
in the top 20 debris clouds

Figure 13. Accidental explosion is the major cause of
government fragmentation events in the top 20 clouds

in the characterization of on-orbit debris. Fig. 8 and
Fig. 9 illustrate the lower historical debris contribution
from commercial missions, with commercial missions
only comprising three of the Top 20 debris clouds. From
Fig. 10 and Fig. 11, none of the Top 20 debris clouds
include payloads launched since the year 2001 for either
government or commercial satellites, which further ev-
idences modern best practices and regulations from the
last two decades, such as NASA’s Orbital Debris Mitiga-
tion Standard Practices (ODMSP), have helped decrease
the quantity of debris-generating events.

However, these figures also provide some important
caveats not apparent in the ”big picture” aggregated data.
For one, while commercial missions have generally not
produced large debris clouds at the same rate as govern-
ment missions, the impact of the debris clouds to overall
orbital risk is needed for a full comparison. For example,
a large amount of debris produced in a relatively empty
region of space is potentially less consequential than a
smaller cloud in a more populated orbital regime. Sec-
ond, Fig. 12 and Fig. 13 highlight accidental explosions
as the primary cause of Top 20 debris clouds for both
commercial and government missions. Of particular note
are the two instances of commercial rocket bodies pro-
ducing large debris clouds through accidental explosions
in the last 5 years. These incidents were both explosions
of Chinese Long March 6A rockets carrying satellites
for the upcoming ”Thousand Sails” constellation. The
best practice for modern constellations is to launch satel-
lites into lower altitude ”insertion orbits” so that debris
and non-operational payloads will decay faster, and then
orbit-raise any operational payloads to their final orbit.
However, the Long March rockets deviated from these
best practices by launching directly into higher altitudes,
meaning that the debris from their breakups will remain
on-orbit for decades. These events highlight that while
modern best practices have made a large impact in pre-
venting on-orbit breakups, it is important that they are
adopted and adhered to by new operators, both those in
emerging space-faring nations and those in established
ones.

Another incident to highlight is the sole ”Deliberate Col-
lision” on the Top 20 list, which is attributed to the de-
struction of the Fengyun 1C rocket body as part of a Chi-
nese anti-satellite test in 2007. This event alone con-
tributed nearly twice the amount of debris as the next
most impactful event, and has three times the amount of
debris currently on orbit as the next largest debris cloud.
The persistence of the debris is largely due to the high
altitude, with most of the debris at around 800 km of alti-
tude, where it will remain for decades before de-orbiting
naturally from atmospheric drag. However, even at low
altitudes, these types of explosive deliberate collisions
can greatly increase risk for other operators in the time
period shortly after the event and can spread debris to
other altitudes. The COSMOS 1408 ASAT test in 2021
was in the Top 20 events for fragmentation count in the
time period shortly after the event. Despite occurring
close to 480 km of altitude, debris from the event spread
to between 200 and 800 km. The debris in lower orbits,



while short-lived, had a meaningful impact on nearby op-
erators, nearly doubling the average flux of objects on
the International Space Station and increasing the flux by
20% on satellites in the Starlink constellation during the
first six months after the event [15]. These events make
clear that while modern best practices can help decrease
the risk of accidental explosion or collision from satellites
and rockets, they must be coupled with broader policy ac-
tions to prevent the deliberate creation of debris.

4. CONCLUSIONS

This paper consolidates data from LeoLabs and NASA
to present a quantification of the current debris environ-
ment segmented by operator type, mission type, coun-
try, and year. From this data we can derive a number of
key observations. First, modern day best practices over
the last 25 years have markedly decreased the breakup
risk posed by newly launched rocket bodies and satellites,
with only two of the Top 20 debris-producing events oc-
curring due to spacecraft launched since the year 2000.
Second, most fragments on-orbit come from missions
launched by three countries - the United States, China,
and Russia - with China producing more debris and hav-
ing more recent fragmentations than the others, and Rus-
sia being involved in more high impact events than the
others. Third, commercial missions as a whole have had
a disproportionately low impact on the debris environ-
ment, producing only 5% of the fragmentation debris,
10% of the non-operational payloads, and 4% of the dis-
carded rocket bodies currently on-orbit despite compris-
ing nearly 60% of the payloads ever launched. This can
be attributed to most commercial missions launching af-
ter the adoption of modern best practices and typically
flying at lower risk altitudes where debris de-orbits more
quickly. However, care must be taken to ensure that new
space actors adopt these best practices going forward, and
do not ignore them to the detriment of all.

5. FUTURE WORK

First, work can be done to supplement this data through
refining the tags of current and historic missions to re-
move major assumptions. By taking an individual mis-
sion approach, the dataset can minimize ambiguity and
ensure that the full space industry landscape is accurately
captured. Secondly, this data does not account for de-
bris mass, cross-sectional area, or orbit to identify the risk
posed. Future work will consider this information to form
a more thorough comparison of the true risk posed by
each mission type. Third, much of the commercial mis-
sion data is from modern-day LEO constellations, which
tends to dwarf non-constellation data when viewed as part
of the whole. Large constellations and individual pay-
loads can be separated for further analysis in use of best
practices. Lastly, there are also a number of satellites
which are difficult to classify as purely commercial or

government. Operational norms and standards vary de-
pending on mission type and it is important to consider
these differences as a next step. To do so, future work
will utilize a blind form of categorizing the data such as
a clustering algorithm to derive trends on the dataset as a
whole.
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