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Preface

In this paper I present some statistics characterizing astronautical activity in calendar year 2019.
In the 2014 edition of this review, I described my methodological approach and some issues of
definitional ambiguity; that discussion is not repeated here, and it is assumed that the reader
has consulted the earlier document, available at https://planet4589.org/space/papers/space14.pdf
(The present work may be found as space19.pdf at the same location).

I am adding one signficant change (and complication) this year. How many satellites were
launched in a particular year? That depends on whether you actually mean (A) launched from
Earth, i.e. departed the launch pad or (B) deployed, i.e. became physically separate orbiting
objects (launched from an orbiting rocket stage or parent spacecraft). In 2014 I noted that this
gave slightly different answers due to a few satellites being held aboard ISS over the year boundary
for later deployment. In 2018-2019 the difference include over 100 Sprite satellites, which went up
on a Cygnus in 2018 and were deployed from their parent satellite in 2019. Since this distinction
is no longer a small nitpick, this year I am giving both versions (and updating the 2018 data for
good measure, since the Sprites were omitted).

1 Orbital Launch Attempts

1.1 Launch statistics by country

During 2019 there were 102 orbital launch attempts, with 97 reaching orbit.

Table 1: Orbital Launch Attempts

2009-2013 2014 2015 2016 2017 2018 2019
Average

USA 19.0 24 20 22 29 31 21
Russia 30.2 32 26 17 19 17 22
China 14.8 16 19 22 18 39 34
Europe 11 12 11 11 11 9

Japan 4 4 4 7 6 2
India 4 5 7 5 7 6
Israel 1 0 1 0 0 0
N Korea 0 0 1 0 0 0
S Korea 0 0 0 0 0 0
Iran 0 1 0 1 0 2
New Zealand 0 0 0 1 3 6

Other 9 10 13 14 16 16

Total 79.0 92 87 85 91 114 102

The Arianespace-managed Soyuz launches from French Guiana are counted as European.

Electron is licensed in the USA but launched from New Zealand territory by the New Zealand
subsidiary of the US-headquartered Rocket Lab. I go back and forth on this, but for now I consider
Electron to be a New Zealand launch of a US-manufactured rocket.

Five launches failed to reach orbit (2 Chinese, 2 Iranian, 1 European).
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1.2 Launch failures

During the year there were 5 orbital launch failures. In general I award partial success scores to
launches which reach orbit but do not successfuly deploy their payloads in the targeted orbit; there
were no such cases in 2019.

In addition to the two Iranian launch failures, on Aug 29 another Safir rocket exploded on the
launchpad during launch preparations, before its satellite payload had been installed. I count this
as an industrial accident, not a launch attempt.

Table 2: 2019 orbital launch failures and partial failures

Designation Date LV State LV Payload Type of failure Launch Score

2019-F01 Jan 15 Iran Simorgh Payam Stage 2 failure? 0.00
2019-F02 Feb 5 Iran Safir Dousti Stage 1 failure? 0.00
2019-F03 Mar 27 China OS-M1 Lingque 1B Stage 2 failure 0.00
2019-F04 May 22 China Chang Zheng 4C Yaogan 33 Stage 3 restart

failed
0.00

2019-F05 Jul 11 Europe Vega FalconEye 1 Stage 2 failure 0.00

1.3 Commercial Launches

Of the 102 orbital launch attempts: 57 were carried out by governments; 19 by commercial compa-
nies under contract to their host governments, and 26 for commercial customers, including foreign
governments.

I count US Commercial Cargo and Crew flights as ‘under contract to host government’; although
the launch contract is through a commercial intermediary, the choice of vehicle is negotiated as
part of a government contract.
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Table 3: Commercial versus government launches

Launch provider Launches Type Customers

US Launch providers

ULA/Boeing Delta 4 3 CSP 3 US Gov
ULA/LM Atlas 5 2 CSP 2 US Gov
SpaceX Falcon 9 11 FCS 4 US Gov, 7 Comm
SpaceX Falcon Heavy 2 FCS 1 US Gov, 1 commercial
NG Antares 2 FCS 2 US Gov
NG Pegasus 1 CSP 1 US Gov

European Launch providers

Arianespace Vega 2 FC? 1 Eur gov, 1 comm./foreign
Arianespace Ariane 5 4 FC 0.5 Eur gov, 3.5 comm/for.
Arianespace Soyuz 3 FC 1 Eur gov, 2 comm.

Russian Launch providers

Khrunichev Proton 5 GOV 3 Ru gov, 2 comm/for.
Khrunichev Rokot 2 GOV 2 Ru gov
Roskosmos Soyuz 9 GOV 9 Ru gov (civil)
VVKO Soyuz 6 GOV 5 Ru gov (military), 1 foreign

Chinese Launch providers

CALT CZ-2C 1 GOV Chinese gov
CALT CZ-3A/B/C 12 GOV 12 Chinese gov
CALT CZ-5 1 GOV Chinese gov
CALT CZ-6/7 1 GOV 1 commercial
CALT CZ-2F 0 GOV Chinese gov
CALT CZ-11 3 GOV 3 commercial
SBA CZ-2D/4B/4C 8 GOV 8 Chinese gov
EXPACE KZ-1A 5 CO? 1 Chinese gov, 4 Comm
LANDSPACE ZQ-1 0 CO Comm
China Long March JL-1 1 CO? Comm
ONESPACE OS-M1 1 FC Comm
ISPACE SQ-1 1 FC Comm

Other Launch providers
Rocket Labs Electron 6 FC 4 Comm,2 US Gov
MHI H-IIA/B 1 CSP 1 Japan gov
JAXA Epsilon 1 GOV 1 Japan gov
ISRO/Antrix PSLV/GSLV 5 GOV 5 Indian gov
ISRO/Antrix GSLV3 1 GOV 1 Indian gov
IRSA Safir 1 GOV 1 Iranian gov
IRSA Simorgh 1 GOV 1 Iranian gov
ISA Shaviyt 0 GOV 0 Israeli gov
NADA Kwangmyongsong 0 GOV 0 North Korean gov

Here GOV = Government; CO = Commercial operation of government developed rocket; CSP = Com-

mercial service provision to government; FCS = Fully commercial service (but customers may include govt);

FC = Fully commercial (no govt involved); A = Amateur, academic, non-profit. See the 2014 document for

full discussion.
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2 Satellite Launch Statistics

2.1 Satellites of the major space powers, past 8 years

Here I give total payloads (1) launched (Table 4a) and (2) deployed (Table 4b). The 100+ Sprite
satellites launched in 2018 but deployed in 2019 make a big difference between the two tables.
These satellites remained in orbit for several days, but were not tracked or cataloged by the US.

The statistics for 2017 have been adjusted by adding three secret satellites as a placeholder for
the unknown number of satellites covertly deployed by OTV-5 sometime during its mission (see
Special Topics).

The 516 satellites listed here and in Appendix 2c as payloads launched in 2019 include two
ODE Cal Sphere subsatellites attached to the AFOTEC-1 satellite, and 29 Probe subsatellites to
be deployed by Aerocube 10a; only two of these have been cataloged to date and it is unclear when
the others will be released. A further 19 satellites are listed as attached to deployers currently
aboard either the ISS or the attached Cygnus NG-12 craft.

Not included in the count, but listed at the end of Appendix 2c, are several objects which
are marginal cases, mostly payloads which remain attached to other payloads either deliberately
(Kenobi, XS-6, Hecate-1, Cube-X1) or through failure to deploy (TEPCE 2). The two Oculus-ASR
Spheres, one of which has been deployed, are not currently counted as payloads.

Table 4a: Payloads launched per year

2012 2013 2014 2015 2016 2017 2018 2019

USA 35 85 111 112 95 282 311 304
Russia 22 29 34 27 15 24 23 30
China 25 18 26 44 40 36 98 73
Europe 22 34 29 22 22 42 52 45
Other 28 41 62 31 50 60 86 64

Total 132 207 261 236 222 444 570 516

The 576 satellites listed here and in Appendix 2d as having been deployed during 2019 include
many small satellites that were launched in 2018 and deployed in 2019, including the Sprite chipsats
deployed from Kicksat-2 and the Thinsat satellties ejected from an Antares second stage. Neither
Sprites nor Thinsats were cataloged in the US satellite catalog. Not included in the count, but
listed at the end of Appendix 2d, are the same attached satellites mentioned above and also the
SeeMe satellite, launched in 2018. This satellite should have deployed from the EXCITE PTB-1
satellite at some point in 2018 or 2019, but apparently did not do so.
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Table 4b: Payloads deployed per year

2012 2013 2014 2015 2016 2017 2018 2019

USA 35 84 96 106 105 288 195 369
Russia 23 29 33 27 14 25 23 30
China 25 17 24 44 38 35 96 73
Europe 22 34 29 22 20 43 48 45
Other 28 41 56 31 44 65 81 59

Total 133 205 238 230 221 456 443 576

2.2 Satellite ownership by country

I now break this down by class for 2019 (first the launch powers, then other countries).
In 2019 the satellites deployed were owned by 43x countries and three European organizations:

ESA, EUMETSAT and the European Union.
In general I consider western Europe, loosely defined, as a single ’space power’ because of the

tight integration of its aerospace industry. Within this view, the four leading space powers are USA,
China, Russia and (W) Europe. The second tier of space powers is comprised of Japan and India;
all others are lumped as ‘Other’, further broken down regionally (and arbitrarily) for convenience.
The ‘Other’ powers have limited or no launch capability of their own. (South Korea and Canada
have space industries that make them candidates for the second tier in the near future). Countries
which owned satellites covered in previous editions of the report are included in the table even if
they had no new satellites this year.
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Table 5: 2019 payloads launched, by owner country and class

A B C D SS Total Total
Academic/ Business/ Civil Defense Spaceship Number Mass
NonProfit Commercial (tonne)

USA 132 199 4 28 6 369 158
China 2 44 9 18 0 73 69
Russia 3 2 7 11 7 30 76

ESA/EU/EUM 0 0 3 0 0 3 3
AT Austria 0 0 0 0 0 0 0
B Belgium 0 0 0 0 0 0 0
CH Switzerland 0 1 0 0 0 1 0
D Germany 1 12 0 0 0 13 0
DK Denmark 1 0 0 0 0 1 0
E Spain 0 2 0 0 0 2 0
F France 1 4 2 0 0 7 6
FI Finland 0 2 0 0 0 2 0
GR Greece 0 0 0 0 0 0 0
I Italy 0 0 1 1 0 2 3
L Luxembourg 0 0 0 0 0 0 0
N Norway 0 0 0 0 0 0 0
NL Netherlands 0 0 0 0 0 0 0
S Sweden 0 1 0 0 0 1 0
UK 0 13 0 0 0 13 8

Europe (W) 3 35 6 1 0 45 20

Japan 6 4 1 0 1 12 17
India 0 0 5 2 0 7 10

BG Bulgaria 0 0 0 0 0 0 0
BY Belarus 0 0 0 0 0 0 0
CZ Czechia 0 1 0 0 0 1 0
EE Estonia 0 1 0 0 0 1 0
HU Hungary 1 1 0 0 0 2 0
LT Lithuania 0 2 0 0 0 2 0
LV Latvia 0 0 0 0 0 0 0
PL Poland 1 1 0 0 0 2 0
UA Ukraine 0 0 0 0 0 0 0
SK Slovakia 0 0 0 0 0 0 0

Subtotal OTHER:
Europe (E) 2 6 0 0 0 8 0

(continued)
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Table 5: (continued)

A B C D SS Total Total
Academic/ Business/ Civil Defense Spaceship Number Mass
NonProfit Commercial (tonne)

AO Angola 0 0 0 0 0 0 0
DZ Algeria 0 0 0 0 0 0 0
EG Egypt 0 1 3 0 0 4 7
ET Ethiopia 0 0 1 0 0 1 0
GH Ghana 0 0 0 0 0 0 0
KE Kenya 0 0 0 0 0 0 0
MA Morocco 0 0 0 0 0 0 0
NG Nigeria 0 0 0 0 0 0 0
SD Sudan 0 0 1 0 0 1 0
ZA South Africa 0 0 0 0 0 0 0

Subtotal OTHER:
Africa 0 1 5 0 0 6 7

AR Argentina 0 0 0 0 0 0 0
BR Brazil 1 0 0 0 0 1 0
CL Chile 0 0 0 0 0 0 0
CO Colombia 0 0 0 0 0 0 0
CR Costa Rica 0 0 0 0 0 0 0
EC Ecuador 1 0 0 0 0 1 0
MX Mexico 0 0 0 1 0 1 0
PE Peru 0 0 0 0 0 0 0
UY Uruguay 0 0 0 0 0 0 0
VE Venezuela 0 0 0 0 0 0 0

Subtotal OTHER:
Latin America 2 0 0 1 0 3 0

IL Israel 2 3 0 0 0 5 6
JO Jordan 0 0 0 0 0 0 0
PK Pakistan 0 0 0 0 0 0 0
QA Qatar 0 0 0 0 0 0 0
SA Saudi Arabia 0 1 1 0 0 2 13
TR Turkey 0 0 0 0 0 0 0
UAE United Arab Em. 1 0 0 0 0 1 1

Subtotal OTHER:
Mideast 3 4 1 0 0 8 20

(continued)
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Table 5: (continued)

A B C D SS Total Total
Academic/ Business/ Civil Defense Spaceship Number Mass
NonProfit Commercial (tonne)

AZ Azerbaijan 0 0 0 0 0 0 0
BD Bangladesh 0 0 0 0 0 0 0
BT Bhutan 0 0 0 0 0 0 0
ID Indonesia 0 1 0 0 0 1 5
KP N Korea 0 0 0 0 0 0 0
KR S Korea 0 0 0 0 0 0 0
KZ Kazakhstan 0 0 0 0 0 0 0
LK Sri Lanka 1 0 0 0 0 1 0
MN Mongolia 0 0 0 0 0 0 0
MY Malaysia 0 0 0 0 0 0 0
NP Nepal 0 0 1 0 0 1 0
PH Phillipines 0 0 0 0 0 0 0
SG Singapore 0 1 0 0 0 1 0
T Thailand 0 1 0 0 0 1 0
TW Taiwan 0 0 6 0 0 6 2
VN Vietnam 0 0 1 0 0 1 0

Subtotal OTHER:
Asia (other) 1 3 8 0 0 12 7

CA Canada 0 0 3 0 0 3 0
AU Australia 0 0 0 0 0 0 0
NZ New Zealand 0 0 0 0 0 0 0

Subtotal OTHER:
Can/Australasia 0 0 3 0 0 3 4

Other 8 14 17 1 0 40 38

Total 154 298 49 61 14 576 384
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2.3 Satellite manufacture by country

Most countries build only very small (cubesat) satellites, purchasing their larger satellites from one
of the main space powers. Here I tabulate the manufacturers of the 253 satellites launched in 2019
with estimated launch masses of 100 kg or more.

HSF is ’Human spaceflight’, including related robotic missions such as cargo ships to support
ISS. ’Surv.’ is surveillance, including early warning and space debris surveillance; visible and radar
imaging recon satellites and weather sats are under ’Imaging’. Microgravity research, geodesy and
planetary probes are included under Sci (Science). Satellites built in the UK, France, Germany,
Italy, Spain and the Netherlands are lumped together as ‘Europe’ to reflect the integration of the
western European aerospace industry.

Table 6: 2019 payloads by manufacturer country - 100 kg and up only

HSF Comms Imaging Nav SIGINT Surv. Sci Tech Total

USA 7 138 2 1 0 0 1 5 154
China 0 5 10 10 9 0 1 1 36
Europe 0 15 8 0 0 0 1 0 24
Russia 7 6 2 2 0 1 2 4 24
India 0 1 4 0 1 0 1 0 7
Japan 1 0 1 0 0 0 0 1 3
Ukraine 0 0 1 0 0 0 0 0 1
Israel 0 0 0 0 0 0 1 0 1
Canada 0 0 3 0 0 0 0 0 3

Total 15 165 31 13 10 1 7 11 253

3 Scientific Space Programs

Notable Earth orbital science missions launched in 2019 include:

• CHEOPS, an ESA satellite to carry out transit photometry of exoplanets to determine their
radii.

• Spektr-RG, a Russian high energy astronomy observatory stationed at Earth-Sun L2. It
carries two instruments: ART-XS, an 8-telescope cluster of X-ray telescopes from IKI/Moscow
with mirrors from NASA-MSFC, and eROSITA, a 7-telescope imaging X-ray system from
MPE/Munich. ART-XS has 1 arcmin resolution and operates in the 4-30 keV energy range.
eROSITA covers the 0.3-10 keV energy range and has 0.25 arcmin resolution.

• ICON, a NASA satellite to study the ionosphere

• Taichi-1, a Chinese satellite testing technology for a future gravitational wave observatory.
The system reached 1 ng of acceleration control and 0.1 nm position accuracy. A small test
satellite called Tianqin-1 was launched later in the year with a related technology payload.

In deep space:
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• On Jan 1, 42.8 AU from the Sun, the New Horizons space probe made a 3500 km flyby of
transneptunian object (486958) Arrokoth (previously nicknamed Ultima Thule and carrying
the provisional designation 2014 MU69).

• The Parker Solar Probe (launched 2018) made its 2nd and 3rd perihelia at 0.166 AU, and
performed a Venus flyby on Dec 26 to reduce its next perihelion to 0.130 AU.

• Hayabusa-2 completed its exploration of Ryugu, with sample-collection touch-and-go landings
on Feb 21 and Jul 11, an artificial crater creation experiment on Apr 5, and the deployment
of the Minerva-II2 lander on Oct 2. (Minerva-II2 did not return useful data). On Nov 19
Hayabusa-2 departed Ryugu’s gravitational sphere and began an ion-engine-assisted return
to Earth, with landing expected in late 2020.

• Chang’e-4 landed on the lunar farside on Jan 3 near 177.6E 45.5S and deployed the Yutu-2
rover, which continued to operate at the end of 2019. The Queqiao relay satellite, in an
Earth-Moon L2 halo orbit, continues to relay data.

• Israel’s B’reshit (Beresheet) lunar lander entered lunar orbit on Apr 4 and made an unsuc-
cessful landing attempt on Apr 11, impacting the surface at 32.6N 19.3E.

• India’s Chandrayaan-2 entered lunar orbit on Aug 20. The orbiter spacecraft continues a lunar
survey at the end of 2019. The Vikram lander separated on Sep 2 and made an unsuccessful
landing attempt on Sep 6, impacting the surface at 22.8E 70.9S.

4 Military Space Activities

Military satellites include navigation, communications, and technology development missions in
addition to the intelligence gathering activities that I report here.

4.1 Military R&D

DARPA’s R3D2 satellite was launched in March using the small Electron vehicle to demonstrate
new antenna techology. The Air Force Academy’s FalconSat 7, which was to test a new kind of
telescope optic, apparently failed after launch in June. The long-delayed USAF Space Test Program
DSX satellite was launched to a 5983 x 12057 km x 42.2 deg orbit in June; its status is unknown.

4.2 Space surveillance

The US continued to experiment with spaceborne assets to track other satellites and space debris.
The Air Force Research Lab’s small S5 satellite was launched on Feb 22 and deployed from its parent
satellite on Mar 4. However, it quickly failed and another near-synchronous asset, MYCROFT
(launched in 2018) was sent to rendezvous with it in November. MYCROFT’s own parent satellite,
EAGLE, also maneuvered to approach the pair in late November. The satellites are in a 36035
km orbit 250 km above GEO. A 12U cubesat, the AFSMC’s TDO, is also testing orbital debris
tracking technologies. It was placed in geotransfer orbit on Aug 8.

Russia is also carrying out similar experiments; the Kosmos-2543 satellite deployed from Kosmos-
2542 in December is discussed under Special Topics.

Russia also launched the third Kupol elliptical-orbit infrared early warning satellite. The Kupol
(formerly Tundra) system replaces the older Oko system.
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4.3 Reconnaissance and Signals Intelligence

The US National Reconnaissance Office launched USA 290, believed to be a CRYSTAL/KH-11-
derivative imaging reconnaisance satellite. USA 290, according to hobbyist observers, is in a 396 x
421 km x 73.6 deg orbit.

China launched the 5th triplet of Yaogan 30 signals intelligence satellites on Jul 26. The TJS
4 satellite, launched to geostationary orbit on Oct 17, may also have a signals intelligence role.
GaoFen 10 No. 2, launched on Oct 4, and GaoFen 12, launched Nov 27, are high resolution
imaging satellites, probably operated by the military (lower-numbered GaoFen satellites seem to
be civilian.) A Yaogan 33 radar imaging satellite was lost in a May 22 launch failure.

The first of Italy’s COSMO-SkyMed Second Generation (CSG) radar imaging satellites was
launched on Dec 18. The series will replace the four first-generation satellites launched in 2007-
2010. FalconEye 1, the UAE’s first spy satellite, was lost in the Vega launch failure on Jul 11.

Noteworthy this year and last is the launch of various commercial sytems performing radio
geolocation and radio spectrum background mapping that would normally be regarded as sig-
nals intelligence. These include Hawk A to C (Hawkeye 360, Virginia, from 2018); THEA (Au-
rora/SpaceQuest, Washington DC); BRO-ONE (Unseen, Brittany, France); Ningxia 1-1 to 1-5
(Ninxia Jingui, Zhongwei, China); and ATL-1 (ATL, Hungary).

4.4 Space Weapons

India carried out an antisatellite test on Mar 27; see the Special Topics section.
The Kosmos-2535/Kosmos-2536 satellites launched by Russia in July have been carrying out

proximity experiments; they are discussed further under Special Topics.

5 Special Topics

5.1 The Indian antisatellite test and its implications

On Mar 27 India’s DRDO defence agency tested an antisatellite weapon, the Prithvi Defense Vehicle
PDV-II. The PDV-II was launched from Kalam Island at 0540 UTC and intercepted the Microsat-R
satellite three minutes later. Microsat-R had been launched to a 265 x 279 km x 96.5 deg orbit on
Jan 24.

India claimed that the orientiation of and low altitude of the test would ensure that little debris
would be left in orbit and that it would be almost all gone by 45 days after the test. Nevertheless,
125 objects were cataloged in orbit with apogees up to 2000 km. While some of the debris did
reenter quickly, 5 months after the test 46 objects remained in orbit, and 17 objects were still being
tracked at the end of 2019.

Indian advocates of the test pointed out that of order 100 debris objects is a tiny fraction of
the circa 16000 cataloged debris objects in orbit. While this is true, they turn out to be a large
fraction of the debris in the low-LEO regime in which human spaceflight activities take place. In
Low LEO (below 500 km) debris orbital lifetimes are short so the population is relatively small and
recent. How much debris is there in different altitude ranges? One complication is that some debris
is in elliptical orbits. To address this, for each altitude range (h1,h2) I studied and for each debris
object S, I took the most recent orbital data for the object and calculated the fraction f(S) of time
the object S spent between altitude h1 and h2. f(S) is therefore between 0 and 1 for each object
and the sum N=f(S) over all S gives the time-averaged number of objects in that altitude range
(where the time average is taken over a few days during which the orbits are assumed constant).
If all objects were in circular orbits, f(S) is either exactly 0 or exactly 1 and N would just be the
number of objects orbiting at the right height.
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Figure 1: 2019-006 objects, altitude (average of apogee and perigee) versus day of year. Green -
PSLV rocket. Red - Parent satellite, then main debris object. Blue - debris objects.

In the following charts, for each height range, I summarize active payloads and debris objects in
the upper and lower panels, versus owner country or ‘country group’. Western European countries
are grouped together in a single ‘country group’. Russian, Chinese, US, Indian and Japanese objects
are shown separately. All remaining coutries are lumped together in an ‘other’ group. The data
are for mid 2019.

The height ranges I looked at were (1) Low LEO, below 500 km (Fig 2). (2) Upper LEO,
500-1500 km (Fig 3)); (3) Objects between 1500 km and 34000 km. (Fig 4) This medium altitude
range above LEO and below GEO includes many debris objects from geostationary transfer orbits;
and finally. (4) objects between 34000 and 38000 km (Fig 5). This includes GEO objects as well
as objects in the GEO graveyard.
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Figure 2: Upper panel: Time-average number of active payloads below 500 km, by owner country
or country grouping. Lower panel: time-average number of debris objects below 500 km, by owner
country or country grouping. RU: Russia. CN: China. US: United States. IN: India. EUR:
Western European grouping. JPN: Japan. OTH: All other. For the Indian debris objects, the data
are shown for just after the ASAT test, 45 day after, and 151 days after.
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Figure 3: Upper panel: Time-average number of active payloads between 500 and 1500 km. Lower
panel: Time-average number of debris objects. between 500 and 1500 km. Details as for previous
figure.
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Figure 4: Upper panel: Time-average number of active payloads between 1500 and 34000 km.
Lower panel: Time-average number of debris objects. between 1500 and 34000 km. Details as for
previous figure.
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Figure 5: Upper panel: Time-average number of active payloads between 34000 km and 38000 km.
Lower panel: Time-average number of debris objects. between 34000 and 38000 km. Details as for
previous figure.
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5.2 Starlink

On May 24 SpaceX launched its first batch (‘Batch 0’) of Starlink low orbit internet distribution
satellites. The Falcon 9 rocket placed a stack of 60 ‘flat pack’ satellites in orbit; 4 debris objects
were also left in orbit, thought to be rods that connected the satellites during ascent. The second
stage was deorbited.

In the first days after launch observers were surprised to see that the satellites were unusually
bright - magnitude 2 or so. After a few days, when the satellites had oriented their solar panels
to the sun, their brightness decreased somewhat, but nevertheless sparked a discussion in the as-
tronomical community about the light-pollution implications of the full proposed constellation of
12,000 Starlink satellites - and indeed of other similar ‘megaconstellations’. After a few weeks, the
satellites had raised their orbits to the operational 550 km altitude. Following this, in July and Au-
gust, hobbyist observers carried out an observation campaign to estimate their visual magnitudes.
The bulk of the satellites were determined to be in the range magnitude 4 to 7. A full constellation
that bright would change the appearance of the night sky in areas away from bright city lights, and
significantly affect many professional astronomical observations. SpaceX stated that they would
look into reducing satellite albedo in future iterations of the design.

Of the 60 satellites, 10 did not reach the final operational orbit. This includes one or two which
were deliberately moved to lower orbits to test controllability in the denser atmosphere, to support
the capability to safely deorbit the satellites.

In late 2019 the bulk of the constellation was moved slightly lower, from 550 km down to 530
km.

Figure 6: Starlink Launch 0 satellite altitudes versus time as of 1 Sep. Altitudes are average of
perigee and apogee. Blue: payloads which are in ‘operational’ orbit. Red: payloads in lower orbits.
Green: debris objects.
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Figure 7: Starlink satellite altitudes in Aug 2019, versus catalog number. Upward pointing trian-
gles: Apogee height. Downward pointing triangles: perigee height. Blue: payloads which are in
‘operational’ orbit. Red: payloads in lower orbits. Green: debris objects.

Figure 8: Starlink satellite brightness, Jul-Aug 2019 visual magnitude estimates, versus catalog
number. Color scheme as for the two previous figures. Vertical bars denote objects with no
observed magnitude values.
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Figure 9: Starlink Launch 0 satellite altitudes versus time as of 28 Dec. Altitudes are average of
perigee and apogee. Blue: payloads which are in ‘operational’ orbit. Red: payloads in lower orbits.
Green: debris objects.
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Figure 10: Zoom of previous figure showing details of the redeployment from 550 to 530 km in
early Dec 2019.
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Figure 11: Starlink Launch 1 satellite altitudes versus time as of 28 Dec. Altitudes are average of
perigee and apogee. Blue: 20 payloads in ‘upper’ group, completing ascent to 550 km. Magenta:
40 payloads in ‘lower’ group, at 350 km. Green: debris objects.
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5.3 Lightsail-2

In June the STP-2 mission was launched on a Falcon Heavy. One of the payloads, Georgia Tech’s
PROX-1, carried the Planetary Society’s LightSail-2 inside it and was deployed from the second
stage at 0749 UTC Jun 25. The 3U LightSail-2 cubesat was ejected at 0749 UTC on Jul 2 into
a 709 x 725 km x 24.0 deg orbit. It deployed its 32-square-metre sail at 1847 UTC Jul 23. As
Lightsail-2 orbited the Earth it changed its orientation to control the acceleration generated by
solar radiation pressure.

The Planetary Society reported that ‘Lightsail 2 is successfully raising its orbit solely on the
power of sunlight’. This was misleading, however: the overall orbit decreased due to atmospheric
drag; the orbit eccentricity increased largely due to solar radiation pressure at all orientations -
just as would have happened for a spherical balloon with the same area-to-mass ratio. The actual
‘sailing’ effect may have been present - external observers are skeptical - but if so it was a small
effect only detectable by subtracting the actual orbital parameters from a model of the orbital
changes expected without any sailing, and this was not apparent in the publicity surrounding the
achievement.

Figure 12: LightSail-2 orbital height vs time. Red: Perigee and apogee heights. Blue: orbit height,
defined as average of perigee and apogee.

Figure 13: LightSail-2 orbital eccentricity vs time.
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5.4 Kosmos-2535/2536

In Jul 2019 four satellites were launched by Soyuz-2-1v from Plesetsk, and code-named Kosmos-
2535 to 2538. Comparing Russian statements to US orbital data, it is clear that Kosmos-2536 is
44424 (object D), not 44422 (object B) as recorded in the US satellite catalog. Objects B and
C have not maneuvered and are suspected to be passive radar calibration satellites. Objects A
and D, Kosmos-2535 and 2536, have carried out a series of manuevers and close approaches (to
within about 1 km or less). After the first close approach on Aug 1, Russian statements described
a satellite servicing test, and implied that the inspector satellite had made physical contact with
the target. In part, the Russian Defense Ministry stated

An inspection has been carried out and in-orbit servicing has been performed of a
registering satellite with the help of an inspector satellite and in addition to that special-
purpose information and telemetry has been transmitted on the state of the registering
satellite

The two satellites remained close until early October; after a pause in November, they returned
to resume proximity operations in early December.

Below I tabulate close approaches based on analysis of the TLEs, together with the maximum
separation reached prior to the approach. Close approaches are within 1 to 2 km (the TLE accuracy)
except where noted.

Close Approaches of Kosmos-2535/2536

Approach date Approached from
UTC distance (km)

1 2019 Jul 31-Aug 1 8000
2 2019 Aug 07 1200? 30
3 2019 Aug 11 2300-12 0700? 3
4 2019 Aug 16 0500? 400
5 2019 Aug 18 1900? 30
6 2019 Aug 19 1630? 180
7? 2019 Aug 20? 30
8 2019 Aug 22 30
9 2019 Aug 27 1500? 210
10 2019 Sep 03 2000? 5
11 2019 Sep 10 1415 330
12 2019 Sep 11 1200 (at 5 km) 250
13 2019 Sep 11 2000 50
14 2019 Sep 13 0800 2
15 2019 Sep 17 2100 180
16 2019 Sep 26 0030 380
17 2019 Oct 08 1200? 90
18 2019 Oct 09 1200? 300

2019 Nov 28 Max sep at 6000 km
19 2019 Dec 05 1200? 6000
20 2019 Dec 16 60
21 2019 Dec 18 6
22 2019 Dec 23 100
23 2019 Dec 24 1200? 10

2019 Dec 25? [3 km flyby] 10
25 2019 Dec 27 1200? [2 km flyby?] 24
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Figure 14: Kosmos-2535/2536 separation versus day of 2019: Overview

Figure 15: Kosmos-2535/2536 separation versus day of 2019: Close approaches day 210-250 (Aug-
Sep)
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Figure 16: Kosmos-2535/2536 separation versus day of 2019: Close approaches day 250-290 (Sep-
Oct)

Figure 17: Kosmos-2535/2536 separation versus day of 2019: Close approaches day 330-365 (Nov-
Dec). Note that there were no close approaches during day 290-330.

27



On about Aug 3, an energetic event occurred from which 9 debris objects have been cataloged.
One has an apogee of over 1400 km, representing an ejection velocity of over 0.2 km/s. The Gabbard
diagram for these debris objects is shown below. The nature of the explosive event is unclear.

Figure 18: Kosmos-2535/2536 Gabbard diagram, showing perigee (red) and apogee (blue) of debris
objects versus their orbital period. Cyan/green points represent the payloads.
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5.5 Kosmos-2542/2543

On Nov 25 Russia launched another Soyuz-2-1V flight placing Kosmos-2542 in orbit. On Dec 6 at
around 0800 UTC it ejected a subsatellite, Kosmos-2543. The subsatellite remained within 2 km
of the parent until 1100 UTC on Dec 9 when it began orbit raising.

Kosmos-2543 manuevers

Burn Date dV Orbit

Sep 2019 Dec 06 0800? 0 368 x 858 km x 97.9 deg
1 2019 Dec 09 1100? 1 m/s 372 x 858 km x 97.9 deg
2 2019 Dec 14 0800? 26 m/s 454 x 858 km x 97.9 deg
3 2019 Dec 16 0907? 36 m/s 590 x 859 km x 97.9 deg

Some analysts suggested the inspector was chasing the NRO’s USA 245 satellite, based on the
fact that both launches were in an 0940 local time sun-synchronous orbit. However, USA 245 has
not been seen by hobbyists since early Dec 2019, so a detailed orbital comparison cannot be done.
My own opinion at the moment is that the similarity in orbital planes is probably a coincidence.

Figure 19: Sun-synchronous local time of descending node (LTDN) for satellites near 10h LTDN,
versus drift rate relative to ideal SSO.

5.6 Starliner

On 2019 Dec 20 ULA launched flight AV-080, the first Atlas V N22, from Cape Canaveral, The
N22 has two solid boosters, a dual engine Centaur with two RL10-A4-2 engines (the first DEC to
fly since 2004) and carries the Boeing CST-100 Starliner spaceship, flying on its Orbital Flight Test
(OFT) without a crew. The mission was to test launch and landing and to rendezvous and dock
with ISS, delivering 272 kg of cargo and carrying an instrumented anthropomorphic test dummy
(ATD) dubbed ’Rosie’,

AV-080’s Centaur reached its targeted 73 x 181 km x 51.6 deg orbit. Boeing Space’s Starliner,
vehicle SC3, separated at 1150 UTC. Starliner set its master event timer reading data from the
launch vehicle, but apparently because of a software (interface) mistake the value was read into
the Boeing vehicle from an incorrect location in the ULA vehicle’s memory, resulting in an 11 hour
offset. Starliner was meant to fire its Aerojet Rocketdyne OMAC thrusters at 1207 UTC to raise
its orbit, but due to the software timing error this did not occur. After comms problems possibly
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related to a TDRS handover, a contingency RCS burn was finally commanded by the ground,
possibly at around 1216 UTC, which raised perigee by an unknown (to me) amount. Further RCS
burns at unknown times over the next half hour or so raised perigee further and placed Starliner
in a 180 x 221 km x 51.6 deg orbit.

During the period before the burn, the timer error meant that Starliner was in an incorrect
software state and used up too much propellant controlling its attitude. This precluded the planned
rendezvous with ISS. Later on Dec 20 Starliner raised its orbit to around 250 km and tested
extension and retraction of its docking apparatus as well as other systems tests. SC3 then returned
on Dec 22, landing at about 106.420W 32.952N near the runway at White Sands Space Harbor,
New Mexico.

The flight did demonstrate the basic design of the vehicle including its life support system and
its ability to safely return to Earth; I do not expect the omitted rendezvous or the software issues
to create major delays to the programme or to require a further uncrewed test flight.

Starliner consists of the following components, with very approximate guesstimated masses:

Height Dia Mass

Crew Module 2.2m 4.5m 8.3t?

Service Module 2.5m 4.5m 3.3t? (dry) - Jettisoned after deorbit burn

SM propellant - - 2.3t?

-----------------------------------

Total at Cen sep 13.9t?

Ascent cover 0.3m 1.7m 0.1t? - Jettisoned suborbital, before Centaur burn

Aeroskirt 1.8m 4.5m 1.0t? - Jettisoned suborbital, 20s into Centaur burn

-----------------------------------

Total at launch 15.0t?

Total at docking 13.6t?

The SM has 20 6kN OMAC thrusters for orbit adjust (plus 4 x 180 kN abort engines and 28 RCS
thrusters). The CM includes a 750 kg base heat shield, a 150 kg forward heat shield, and two 34
kg drogue chutes, as well as about 90 kg of hydrazine, all of which are jettisoned in the atmosphere
prior to landing. Landing mass is about 7200 kg including crew and cargo. Starliner is built in
Boeing’s facility at the C3PF (former OPF3) at Kennedy Space Center; spacecraft development is
carried out there (and possibly at the new Boeing Space headquarters in Titusville) and mission
control is at a Boeing control room in the mission control building at NASA-JSC/Houston.

Here is the approximate timeline of the mission as far as I can estimate it for now: (times UTC,
as always) - I expect a number of these details to change as better info becomes available.

Dec 20 1136:43 Launch by Atlas V/N22 from SLC41

1141:12 Atlas cutoff

1141:18 Atlas separation

1141:24 Starliner ascent cover jettisoned

1141:28 Centaur AV-080 main engine burn 1

1141:48 Starliner aeroskirt jettisoned

1148:37 AV-080 shutdown, reach 73 x 181 km x 51.6 deg orbit

1151:37 Starliner separates from AV-080

1202 AV-080 propellant ‘blowdown’

1207:38 Planned Starliner OMAC orbit insertion burn does not occur

Excessive attitude control thruster use
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1215? Commanded RCS burn performs initial orbit insertion

Initial orbit UNKNOWN; burn start time UNKNOWN

1234 AV-080 Centaur reentered and hits ocean SW of Australia

1300? Further RCS burn(s); reach 180 x 221 km x 51.6 deg orbt.

Burn start time UNKNOWN.

2200? OMAC burn 1, 20 m/s?, to approx 214 x 242 km x 51.6 deg orbit

2235? OMAC burn 2, 20 m/s?, to 241 x 265 km x 51.6 deg orbit.

[Times of these burns are highly uncertain]

Dec 22 1223:47 Starliner OMAC deorbit, 150 m/s , 55 s burn; E of New Zealand

1224:42 Deorbit burn cutoff, orbit about -230 x 246 x 51.6

1225:59 Service Module jettison

1241:42 Entry interface, 120 km, 7.5 km/s over equatorial Pacific

1242? Service Module destructive reentry over equatorial Pacific

1253? Forward heat shield (FHS) separation at 3 km alt.

1253:06 Main parachutes deploy

1254:00? Base Heat Shield sep

1254:40? Airbags inflate

1257 Base Heat Shield impact

1257:55 CM landing at White Sands Space Harbor 106.420W 32.952N

1302:48 Forward heat shield touchdown

Starliner SC1 was used for the pad abort test; SC2 will fly the CFT crewed flight next year;
then SC3 will fly again on the PCM-1 mission to ISS. For that flight SC3 will have the name
‘Calypso’, chosen by mission commander Suni Williams. SC2 has not yet been named; and it’s not
clear whether SC3 will retain the same name for later flights or if they’ll get new names under each
new commander.
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5.7 OTV-5 and its illegal secret deployments

The US Air Force Rapid Capabilities Office’s X-37B spaceplane was flown on its fifth mission,
OTV-5, from 2017 Sep 7 to 2019 Oct 27, making an automated landing at Kennedy Space Center.
The flight is thought to be the third mission of the X-37B No. 2 vehicle. In a statement included
in a post-landing press release, Randy Walden, director of the USAF RCO, revealed that

“This mission successfully hosted Air Force Research Laboratory experiments, among
others, as well as providing a ride for small satellites.”

The implication is that at some time during the mission the X-37B released multiple subsatellites
- probably cubesats, but maybe larger payloads. These subsatellites have not been cataloged in the
US Satellite Catalog and have not been registered with the United Nations. This is an apparently
unprecedented violation of UN Resolution 3235 (XXIX), Convention on Registration of Objects
Launched into Outer Space. Transparency of space activities was a hard-won achievement of 1960s
negotiations between the US and the USSR following concerns over unannounced satellites launched
by the USSR in 1962 (which turned out to be failed interplanetary probes stuck in parking orbit).
Secret satellite deployments are a threat to safety of flight and to international confidence and
security.

We don’t know how many satellites were released or when they were released, or whether they
are still in orbit. For the time being, as a placeholder, I have added three entries to my auxiliary
satellite catalog (nos. A09449, A09450, and A09455) called ‘Secret DoD Satellite 1, 2, 3’ with a
guessed deployment date of Oct 2017 and reentry date of ‘sometime in 2018’. My intent is that by
adding these to the list of satellites, this transgression gets more visibility and doesn’t get forgotten.

Figure 20: OTV-5 orbit height versus time based on hobbyist data. The blue points at left are
various early guesses for the insertion orbit and are not based on actual data.
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5.8 TJS-3

China’s TJS-3 satellite (43874, 2018-110A, hereafter object A) was launched in Dec 2018 and
entered geostationary orbit sometime between Dec 26 and Dec 31 (possibly around 1200 UTC Dec
31). On 2018 Dec 31 a subsatellite (43917, 2018-110C, hereafter object C) was cataloged. As of
Dec 2019 this subsatellite is still called ‘TJS-3 AKM’ in the US satellite catalog, indicating that the
US believes it is an Apogee Kick Motor. This was a good first guess but since early 2019 it’s been
obvious that guess was incorrect, since an AKM would be inert and object C has been manuevering
and stationkeeping: it is a second payload.

On Jan 1 object A was located near 59.0E. Object C took up station 100 km away and remains
there. Then on May 21 object A moved to an eastward drift orbit, braking on Jul 6 to a new
station at 173 deg East where it remained at the end of the year.

Figure 21: TJS-3 and subsatellite geostationary longitude versus time
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Figure 22: TJS-3 and subsatellite geostationary longitude versus time, zoom to 59E region
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6 Orbital Debris and Orbital Decay

At the end of 2019 there were 19629 cataloged objects in orbit or beyond and the total known mass
in orbit increased to 8958 tonnes.

I include as active payloads any satellite thought to be still transmitting even occasionally,
while other sources may only include those thought to be in full operational service. In either case,
distinguishing active from dead payloads is often partly guesswork for those satellites which do not
perform regular orbital maintenance manuevers, and the uncertainty in the total number of active
satellites is probably of order 10%.

Estimates of total debris masses have been updated, and are somewhat lower than in previous
editions of this report. A new category ‘Alt.Pay.’ (alternative payloads) has been added as a
bookkeeping convenience to account for objects that are in a marginal category - could arguably
be considered payloads but are not counted as such in most lists. They are mostly short lived and
so make only a small contribution here.

Table 7 (a): Debris objects in orbit 2014-2019

Active Dead Alt Rocket Op’l PRC Strela Other Spurious Total
Payloads Payloads Pay Bodies Debris FY1C debris Iridium deb debris

2014 1284 2534 10 1683 1535 2940 1590 5806 5 17387
2015 1400 2562 11 1720 1537 2873 1480 6434 5 18022
2016 1524 2590 10 1753 1549 2850 1436 6490 5 18207
2017 1864 2642 10 1784 1569 2836 1415 6481 5 18606
2018 2157 2671 10 1844 1632 2823 1394 6598 5 19133
2019 2514 2685 10 1874 1662 2812 1385 6679 8 19629

Table 7 (b): Mass of debris objects in orbit 2014-2019

Active Dead Alt Rocket Op’l PRC Strela Other Spurious Total
Payloads Payloads Pay. Bodies Debris FY1C debris Iridium deb debris

(tonnes)
2014 2580 1790 3 2917 149 - - - - 7442
2015 2745 1813 3 3020 156 - - - - 7738
2016 2893 1851 3 3103 161 - - - - 8012
2017 3060 1882 3 3205 165 - - - - 8317
2018 3260 1890 3 3733 165 - - - - 8692
2019 3443 1909 3 3432 170 - - - - 8958
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6.1 Disposal of launch vehicle upper stages

For the 97 successful orbital launches I look at which launches went to which type of orbit, and
whether rockets disposed of their upper stages in a controlled deorbit or whether they left one or
more stages (and possibly associated debris) in orbit to decay naturally. Upper stages that achieve
Earth escape are also counted as a controlled disposal.

The orbit categories are SSO (Sun-synchronous low Earth orbit), ISS (International Space
Station launches), Other LEO (Low Earth orbit except for SSO and ISS); GTO (Geotransfer
orbit), GEO direct (where launch vehicle upper stage deploys payload directly in geostationary
orbit), 12-hour circular MEO orbits (as used by GPS), deep space (beyond about 150,000 km) and
‘other high orbit’.

I will note that some SSO/other LEO launches perform a perigee lowering disposal burn to
ensure stage reentry within a few weeks. However, the reentry location is still uncontrolled in these
cases. Cases where the perigee lowering is to below 180 km are noted with an asterisk in the table.
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Table 8: Launches by orbit and launch-associated Earth orbit debris, 2019

Launch vehicle Total launches Launches with up-
per stage disposal

Stages left in
Earth orbit

Other LV debris

(a) SSO

SpaceX Falcon 9 1 1 0 0
Arianespace Vega 1 1 0 0
Arianespace Soyuz-ST 1 1 0 1
Eurockot Rokot 1 0 1 0
Roskosmos Soyuz 2 2 0 0
VVKO Soyuz 2 1 1 0
CALT CZ-11 2 0 2 (2*) 0
SAST CZ-2D 1 0 1 1
SAST CZ-4B/4C 6 0 6 9?
EXPACE KZ-1A 4 0 4 (1*) 0
CLMRC Jielong-1 1 0 1 0
RocketLab Electron 1 0 2 (1*) 0
JAXA Epsilon 1 0 2 0
ISRO PSLV 3 0 3 0

Total SSO 27 6 23 11

(b) ISS

SpaceX Falcon 9 4 4 0 0
ULA Atlas V-N22 1 1 0 0
Orbital Antares 2 0 2 0
Roskosmos Soyuz 7 0 7 0
MHI H-IIB 1 1 0 0

Total ISS 15 6 9 0

(c) Other LEO

NorthropGr. Pegasus XL 1 0 1 0
ULA/Boeing Delta 4 1 1 0 0
SpaceX Falcon 9 4 4 0 8
Rocket Labs Electron 5 1 9 (1*) 3
Krunichev Rokot 1 0 1 0
Arianespace Soyuz 1 1 0 0
CALT CZ-2C 1 0 1 0
CALT CZ-11 1 0 1 8
CALT CZ-6 1 0 1 0
EXPACE KZ-1A 1 0 1 0
iSpace SQ-1 1 0 1 0
ISRO PSLV 1 0 1 1

Total Other LEO 19 7 17 20
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Table 8 (cont):

Launch vehicle Total launches Launches with up-
per stage disposal

Stages left in
Earth orbit

Other LV debris

(d) GTO / 12h MEO transfer

ULA/LM Atlas 5 1 0 1 0
ULA/B Delta 4 2 2 0 0
SpaceX Falcon 9 3 0 3 0
SpaceX F Heavy 2 0 2 0
Arianespace Ariane 5 4 0 4 4
Krunichev Proton 2 0 2 2
VVKO Soyuz 2 0 2 0
CALT CZ-5 1 0 1 0
CALT CZ-3A/3A/3C 9 0 9 0
ISRO GSLV Mk III 1 0 1 0

Total GTO 27 2 25 6

(e) GEO Direct

Khrunichev Proton 2 0 2 1

Total GEO direct 2 0 2 1

(f) 12-hour MEO direct

VVKO Soyuz/Fregat 2 0 2 0
CALT CZ-3B/YZ-1 3 0 6 0

Total 12-hour MEO 5 0 8 0

(f) Deep space and escape

Khrunichev Proton 1 0 1 0

Total Deep 1 0 1 0

(f) Other high orbit

Arianespace Soyuz-ST 1 0 1 0

Total Other High 1 0 1 0

Total Overall 97 21 86 38
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6.2 Orbituaries

Table 9 gives statistics on reentries in 2019, not including deliberate deorbit and landing.
(Acknowledgements to Collin Krum for the revised section name).

Table 9: Uncontrolled Reentries 2019

Number Mass (t)

Active Payloads 142 0.2
Dead Payloads 37 15.6
Rocket bodies 56 104.1
Operational debris 46 4.2
PRC ASAT/FY-1C debris 11 -
Strela/Iridium debris 9 -
Other fragment debris 126 -

In this table, ‘active payloads’ represents payloads which were thought to be active at the
beginning of the year.

Controlled deorbits and landings

14 first-generation Iridium satellites, each with a mass around 560 kg, reentered during 2019 after
orbit lowering (They are counted in the previous section). This completes the deorbit of the
operational satellites. 30 defunct first-generation Iridium satellites remain in orbit (as well as 4
dummy Iridium mass models). There were no very large uncontrolled reentries this year; the biggest
were 4-tonne Chinese upper stages.

In addition to uncontrolled reentries, there were 9 controlled landings and 8 controlled deorbit-
ings of spacecraft during 2019, representing the safe removal of around 47 tonnes from the orbital
environment. 3 Russian Soyuz ships landed in Kazakhstan and four Dragon spacecraft splashed
down in the Pacific near California. The X-37B OTV-5 mission landed on the runway at Kennedy
Space Center and the Starliner OFT landed on airbags at the White Sands Space Harbor.

Seven ISS cargo ships (four Cygnus, one HTV and two Progress) were deorbited, all over the
southern Pacific Ocean.

Ten objects reentered and burned up on controlled trajectories associated with landings of
spacecraft (Soyuz orbital and propulsion modules, Dragon trunks, Starliner service module).

In addition, 19 rocket stages were deorbited after only one or two Earth orbits (8 Falcon 9, 2
Delta 4, 3 Fregat, 1 Volga, 1 Vega AVUM, 1 H2B, 1 Electron kick stage, 1 Centaur.) Only one of
these was assigned a US Space Command catalog number. A further 18 rocket stages were inserted
into slightly suborbital trajectories that ensured controlled disposal without the need for a deorbit
burn (4 Ariane EPC, 1 Vega Z9A, 5 Proton stage 3, 8 Soyuz-2 stage 3).
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6.3 Retirements in the GEO belt

During 2019, 11 satellites were retired from GEO, 4 satellites failed in or near GEO, and three debris
objects were placed in the graveyard. The recommended graveyard orbit begins at an altitude of
36086 km, 300 km above GEO.

The table gives perigee and apogee altitude minus the GEO height of 35786 km.

Table 11: GEO retirements

ID Satellite Retired Height above GEO in Jan 2020
km x km

016-004A Intelsat IS-29e 2019 Apr 10 (Failed) -152 x -48
1994-087A DSP F17 2019 Feb? (Failed?) -1 x 3
2008-007A Kizuna 2019 Feb 27 (Failed) 29 x 39
1986-096A FLTSATCOM F7 2019 Mar 29 196 x 564
2003-060A Ekspress AM-22 2019 Mar 17 235 x 283
2019-009D S5 2019 Mar? (Failed) 260 x 270
2001-052A DirecTV 4S 2019 Oct 30 275 x 298

2005-049A Insat 4A 2019 Oct 24 294 x 312
2000-060A N-SAT-110 2019 Jan 9 298 x 318
2004-003A AMC 10 2019 Feb 21 318 x 332
2004-024A Telstar 18 2019 Jul 19 325 x 387
1999-033A Astra 1H 2019 Oct 17 358 x 397
2003-033A Echostar XII 2019 Nov 5 378 x 411
1998-035A Thor III 2019 Jul 9? 402 x 419
2006-053A Feng Yun 2D 2019 Jan 25 542 x 645

Table 11 (b): Near-GEO debris

2019-009E B’reshit adapter 2019 Mar 4 324 x 405
2019-048B Briz-M 99566 2019 Aug 5 -188 x 6300
2019-095B DM-03 No. 3L 2019 Dec 24 -1081 x -398
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6.4 Debris events

There were 6 significant breakups during 2019.

Table 12: Breakups and debris events 2019

Date Object Orbit Notes
km x km x deg

2019 Feb 6 43682 H2A F40 Stage 2 519 x 600 x 98.9 Upper stage
2019 Mar 25 35816 Centaur AV-018 6663 x 34714 x 23.3 No objects cataloged
2019 Mar 27 43947 Microsat-R 260 x 282 x 96.6 Weapons test
2019 Apr 6 43652 Centaur AV-073 8526 x 35092 x 12.0 54 objects cataloged
2019 Jul 22 22079 Ariane V52 1297 x 1403 x 66.1 Upper stage
2019 Dec 23 39497 Kosmos-2491 1482 x 1502 x 82.5 Unknown reason

In addtion, more fragments were cataloged from the earlier breakups of Centaur AV-049, Orb-
comm FM16. and SOZ 2010-041,
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Appendix 1: 2019 Orbital Launch Attempts

LAUNCH ID Launch date UTC Launch vehicle LV Flight ID Site Agency
2019-001 2019 Jan 10 1711:04 Chang Zheng 3B Y56 XSC LC2 CALT
2019-002 2019 Jan 11 1531:33 Falcon 9 068/B1049.2 VS SLC4E SPX
2019-F01 2019 Jan 15 0030 Simorgh 3 SEM IRSA
2019-003 2019 Jan 18 0050:20 Epsilon E-4 USC EP JAXA
2019-004 2019 Jan 19 1910:00 Delta 4H D4-38/D382 VS SLC6 ULAB
2019-005 2019 Jan 21 0542:21 Chang Zheng 11 Y6 JQ SLS-E CALT
2019-006 2019 Jan 24 1807:00 PSLV-DL PSLV-C44 SHAR FLP ISRO
2019-F02 2019 Feb 5 Safir - SEM SAF IRSA
2019-007 2019 Feb 5 2101:07 Ariane 5ECA VA247 (5106) CSG ELA3 AE
2019-008 2019 Feb 21 1647:14 Soyuz-2-1B E 15000-024/112-07 GIK-5 LC31 FKA
2019-009 2019 Feb 22 0145 Falcon 9 069/B1048.3 CC LC40 SPX
2019-010 2019 Feb 27 2137:00 Soyuz-ST-B U 15000-016/133-15 CSG ELS AE
2019-011 2019 Mar 2 0749 Falcon 9 070/B1051 KSC LC39A SPX
2019-012 2019 Mar 9 1628:04 Chang Zheng 3B Y54 XSC LC3 CALT
2019-013 2019 Mar 14 1914:09 Soyuz-FG Ya15000-070 GIK-5 LC1 FKA
2019-014 2019 Mar 16 0226 Delta 4M+(5,2) D4-39/D383 CC SLC37B ULAB
2019-015 2019 Mar 22 0150:35 Vega VV14 CSG ZLV AE
2019-F03 2019 Mar 27 0939 OS-M1 OS-M1 JQ LYK
2019-016 2019 Mar 28 2327 Electron 5 MAHIA LC1 RLABN
2019-017 2019 Mar 31 1551:04 Chang Zheng 3B Y44 XSC CALT
2019-018 2019 Apr 1 0357:00 PSLV-QL PSLV-C45 SHAR SLP ISRO
2019-019 2019 Apr 4 1101:35 Soyuz-2-1A Ya15000-036 GIK-5 LC31 FKA
2019-020 2019 Apr 4 1703:37 Soyuz-ST-B N 15000-017/133-17 CSG ELS AE
2019-021 2019 Apr 11 2235 Falcon Heavy 002 KSC LC39A SPX
2019-022 2019 Apr 17 2046:07 Antares 230 2TRS2S1.10 (10) MARS Pad 0A NGIS
2019-023 2019 Apr 20 1441:03 Chang Zheng 3B Y59 XSC LC3 CALT
2019-024 2019 Apr 29 2252:05 Chang Zheng 4B Y36 TYSC LC9 SAST
2019-025 2019 May 4 0648:58 Falcon 9 071/B1056 CC LC40 SPX
2019-026 2019 May 5 0600 Electron 6 MAHIA LC1 RLABN
2019-027 2019 May 17 1548:05 Chang Zheng 3C Y16 XSC LC2 CALT
2019-028 2019 May 22 0000 PSLV PSLV-C46 SHAR FLP ISRO
2019-F04 2019 May 22 2249 Chang Zheng 4C Y23 TYSC LC9 SAST
2019-029 2019 May 24 0230 Falcon 9 072/B1049.3 CC LC40 SPX
2019-030 2019 May 27 0623:00 Soyuz-2-1B Ya15000-053/112-09 GIK-1 LC43/4 VVKO
2019-031 2019 May 30 1742:00 Proton-M/Briz-M 935-69/99564 GIK-5 LC200/39 KHRU
2019-032 2019 Jun 5 0406 Chang Zheng 11 Y7 WEY CCOC HHAI CALT
2019-033 2019 Jun 12 1417 Falcon 9 073/B1051.2 VS SLC4E SPX
2019-034 2019 Jun 20 2143 Ariane 5ECA VA248 (5107) CSG ELA3 AE
2019-035 2019 Jun 24 1809 Chang Zheng 3B Y60 XSC LC3 CALT
2019-036 2019 Jun 25 0630 Falcon Heavy 003 KSC LC39A SPX
2019-037 2019 Jun 29 0430 Electron 7 MAHIA LC1 RLABN
2019-038 2019 Jul 5 0541:46 Soyuz-2-1B Ya15000-002/122-04 VOST PU1S FKA
2019-039 2019 Jul 10 1714 Soyuz-2-1V 780-72 -004 GIK-1 LC43/4 VVKO
2019-F05 2019 Jul 11 0153:03 Vega VV15 CSG ZLV AE
2019-040 2019 Jul 13 1230:57 Proton-M/DM-3 535-47/4L GIK-5 LC81/24 KHRU
2019-041 2019 Jul 20 1628:20 Soyuz-FG N 15000-069 GIK-5 LC1 FKA
2019-042 2019 Jul 22 0913 GSLV Mk III M1 SHAR SLP ISRO
2019-043 2019 Jul 25 0500:00 Shuang Quxian 1 Y1 JQ XJRY
2019-044 2019 Jul 25 2201:56 Falcon 9 074/B1056.2 CC LC40 SPX
2019-045 2019 Jul 26 0357 Chang Zheng 2C Y37 XSC CALT
2019-046 2019 Jul 30 0557 Soyuz-2-1A - /1036 GIK-1 LC43/4 VVKO
2019-047 2019 Jul 31 1210:46 Soyuz-2-1A N 15000-035 GIK-5 LC31 FKA
2019-048 2019 Aug 5 2156:00 Proton-M/Briz-M 935-64/99566 GIK-5 LC81/24 KHRU
2019-049 2019 Aug 6 1930:07 Ariane 5ECA VA249 (5109) CSG ELA3 AE
2019-050 2019 Aug 6 2323:00 Falcon 9 075/B1047.3 CC LC40 SPX
2019-051 2019 Aug 8 1013 Atlas V 551 AV-083 CC SLC41 ULAL
2019-052 2019 Aug 17 0411 Jielong-1 Y1 JQ CZHJ
2019-053 2019 Aug 19 1203 Chang Zheng 3B Y58 XSC CALT
2019-054 2019 Aug 19 1212 Electron 8 MAHIA LC1 RLABN
2019-055 2019 Aug 22 0338:31 Soyuz-2-1A Ya15000-037 GIK-5 LC31 FKA
2019-056 2019 Aug 22 1306:00 Delta 4M+(4,2) D4-40/D384 CC SLC37B ULAB
2019-057 2019 Aug 30 1400 Rokot 492-3921-129/72530 GIK-1 LC133/3 KVR
2019-058 2019 Aug 30 2341 Kuaizhou-1A Y10 JQ SLS-E EXPACE
2019-059 2019 Sep 12 0326 Chang Zheng 4B Y39 TYSC LC9 SAST
2019-060 2019 Sep 19 0642 Chang Zheng 11 Y7 JQ SLS-E CALT
2019-061 2019 Sep 22 2110:04 Chang Zheng 3B/YZ-1 Y65 XSC LC2 CALT
2019-062 2019 Sep 24 1605:05 H-IIB H-IIB-F8 TNSC Y2 MHI
2019-063 2019 Sep 25 0054:34 Chang Zheng 2D Y43 JQ SAST
2019-064 2019 Sep 25 1357:43 Soyuz-FG Ya15000-071 GIK-5 LC1 FKA
2019-065 2019 Sep 26 0746 Soyuz-2-1B - GIK-1 LC43/4 VVKO
2019-066 2019 Oct 4 1851:05 Chang Zheng 4C Y33 TYSC LC9 SAST
2019-067 2019 Oct 9 1017:56 Proton-M/Briz-M 937-04/99573 GIK-5 LC200/39 ILSK
2019-068 2019 Oct 11 0200 Pegasus XL F44 /N51 L-1011 CC RW13 -¿ MFWA OSC
2019-069 2019 Oct 17 0122 Electron 9 MAHIA LC1 RLABN
2019-070 2019 Oct 17 1521:04 Chang Zheng 3B Y57 XSC LC3 CALT
2019-071 2019 Nov 2 1359:47 Antares 230+ 2TRS2S1.11 (11) MARS Pad 0A NGIS
2019-072 2019 Nov 3 0322 Chang Zheng 4B Y38 TYSC LC9 SAST
2019-073 2019 Nov 4 1743:04 Chang Zheng 3B Y61 XSC LC3? CALT
2019-074 2019 Nov 11 1456 Falcon 9 076/B1048.4 CC LC40 SPX
2019-075 2019 Nov 13 0340 Kuaizhou-1A Y11 JQ SLS-E EXPACE
2019-076 2019 Nov 13 0635 Chang Zheng 6 Y3 TYSC CALT
2019-077 2019 Nov 17 1000 Kuaizhou-1A Y7 JQ SLS-E EXPACE
2019-078 2019 Nov 23 0055 Chang Zheng 3B/YZ-1 Y66 XSC LC3 CALT
2019-079 2019 Nov 25 1752 Soyuz-2-1V - GIK-1 LC43/4 VVKO
2019-080 2019 Nov 26 2123 Ariane 5ECA VA250 (5108) CSG ELA3 AE
2019-081 2019 Nov 27 0358 PSLV-XL PSLV-C47 SHAR SLP ISRO
2019-082 2019 Nov 27 2352 Chang Zheng 4C Y24 TYSC SAST
2019-083 2019 Dec 5 1729:24 Falcon 9 077/B1059 CC LC40 SPX
2019-084 2019 Dec 6 0818 Electron 10 MAHIA LC1 RLABN
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2019-085 2019 Dec 6 0934:11 Soyuz-2-1A N 15000-034 GIK-5 LC31 FKA
2019-086 2019 Dec 7 0255:46 Kuaizhou-1A Y2 TYSC EXPACE
2019-087 2019 Dec 7 0852 Kuaizhou-1A Y12 TYSC EXPACE
2019-088 2019 Dec 11 0854 Soyuz-2-1B N 15000-046/112-01 GIK-1 LC43/3 VVKO
2019-089 2019 Dec 11 0955 PSLV-QL PSLV-C48 SHAR FLP ISRO
2019-090 2019 Dec 16 0722 Chang Zheng 3B/YZ-1 Y67 XSC LC3 CALT
2019-091 2019 Dec 17 0010 Falcon 9 078/B1056.3 CC LC40 SPX
2019-092 2019 Dec 18 0854 Soyuz-ST-A - CSG ELS AE
2019-093 2019 Dec 20 0322:29 Chang Zheng 4B Y44 TYSC SAST
2019-094 2019 Dec 20 1136:43 Atlas V N22 AV-080 CC SLC41 ULAL
2019-095 2019 Dec 24 1203:02 Proton-M/DM-3 935-66/6L GIK-5 LC81/24 KHRU
2019-096 2019 Dec 26 2311:58 Rokot - GIK-1 LC133/3 KVR
2019-097 2019 Dec 27 1245 Chang Zheng 5 Y3 WEN LC101 CALT

Note: Owner, Agency and Country codes in the tables are defined in http://planet4589.org/space/lvdb/sdb/Orgs.
Launch Sites are defined in http://planet4589.org/space/lvdb/sdb/Sites.
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