


As of 2013, the Station had two satellite antennas:
one 15-meter satellite data receipt & launch anten-
nas [ LR AT K5 K2K] and one 7.3-meter

satellite distance-measurement antennas [ 2 l[FE

3{232] 275

It is at least partially open to the public and is
located in Guangzhou’s Tianhe District.?’¢

There is a second site co-located with the
Guangdong Weather Satellite Remote Sensing Center
[ ARA A G LAEIEK U] that has seven satellite

antennas.?”’

National Satellite Ocean Application Service
Center [[EH % T 2N HH0] Weather Satellite

Another component of the National Civil Space Infrastructure project is constellations of maritime observation
satellites. These satellites, which measure sea temperature, wave height, and other data, are administered by the
National Satellite Ocean Application Service Center. The group of satellites includes a series designated HY for
Haiyang (lit: ocean), and one co-developed with France, the China-
France Ocean Satellite (CFOSAT).?”® The satellites will also play a role | HY-2A%*
in fisheries management and ship tracking.?” HY-2B 385
HY-1C2
China-France Ocean Satellite (CFOSAT)

HY-1A %7 (Inactive)
HY-1B3%®

The Center is responsible for the planning and development of
China’s maritime remote sensing satellite programs as well as the con-
struction and operation of ground stations to control and downlink data
from the satellites.

The National Satellite Ocean Application Service has four main ground stations: Beijing, Hangzhou, Sanya,
and Mudanjiang.?*

As a central hub, the Beijing station not only receives, processes, and analyzes data but also distributes it. The
Sanya and Mudanjiang stations are believed to be focused on data receiving.

The Miyun (Beijing), Kashgar, and Sanya stations of the Institute of Remote Sensing and Digital Earth appear
to work with the Ocean Application Service’s dedicated stations to downlink and share data, including imagery
that could be used for intelligence purposes, such as microwave remote sensing data from the Gaofen-3 satellite.?®!

China’s Ground Segment
54



Hangzhou Station

While subordinate to the Ministry of Natural Resources, the Center shares
data through an online portal and is affiliated with the National Remote
Sensing Center.?*

The maritime satellite project and applications have been a major avenue for
diplomacy, with agreements set up with Peru, North Korea, France, Germany,
and Spain, among others, to exchange information. It also exchanges data
under the World Meteorological Organization (WMO) [{HFA R AL,
including from the CFOSAT.

The first station was set up in 1988 in Hangzhou to receive data from
China’s first Fengyun weather satellite launched that year.”®* The Hangzhou
station is affiliated with both the State Oceanic Administration and the Second
Institute of Oceanography and is involved in real-time receiving, processing,
archiving, and managing, as well as application and analysis.

In 2013, the Hangzhou ground station was incorporated into the national
marine satellite ground application system’s business operations and was
renamed “National Marine Satellite Hangzhou Ground Station.”

Work on a second station in Hangzhou, the Yuhang [#:77T] station, began
in October 2008, and test operations began in August 2009.%%4 It began formal
operation in March 2011.2% Since beginning operation, it has provided sup-
port to multiple maritime satellite missions such as the HY-2.

It appears to have served as a “backup” station [#5177 %] and administered
by the Second Institute of Oceanography under the Department of Natural

Resources [ A S8 TS W LEMF 5T ).

Construction of the newest station in Mudanjiang in Heilongjiang province
began in June 2009.2% The organization has strong links to the PLA SSF.

National Satellite Marine Application Center Mudanji-

ang Recieving Station Staff with members of local PLA

Strategic Support Force units.
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Quantum Satellite Experiment Ground Stations

An emerging role for satellite ground stations is quantum communications. China is engaged in a major research
effort to develop a secure communication network using technologies based on quantum physics.** Led by phys-
icist Pan Jianwei [##21%], an important component of this research effort is called the Quantum Experiments at
Space Scale (QUESS), part of China’s space science Strategic Priority Program. In August 2016, China launched
its “quantum satellite,” Micius [#& 5], to test long-distance quantum communications. According to Dr. Pan,
the main goals of the program are quantum key distribution from a satellite to ground station, a global-scale quan-
tum communication network that uses satellites and fiber-optic cables, long-range entanglement testing involving
two ground stations over 1,000 kilometers apart and a satellite, and ground-to satellite teleportation (sending
quantum information from one location to another). In June 2017, China successfully entangled photons at two
ground stations 1203 km apart, relayed through Micius.

The Chinese Academy of Sciences operates communication stations and observatories in Delingha, Qinghai
Province, Nanshan, Xinjiang AR, Lijiang, Yunnan Province, and now a mobile station in Shandong Province.?*’
Successful links have also been established between Beijing and Austrian scientists in Vienna and Graz (see inset).

Micius — Graz, Austria
Date : Sifted key A QBER | Final key
06/18/2017 | 1361 kb 1.4% | 266 kb . Micius — Xinglong, China
06/19/2017 | 711 kb 2.3% | - " - - Sifted key QBER | Final key
06/23/2017 | 700 kb 243 06/04/20 79 kb 1.2% | 61kb

06/26/2017 | 1220 kb : 06/15/2017 1.1% | 141 kb
06/24/2017 848 kb 1.1% | 198 kb

7600km

Micius — Nanshan, China
Date Siftedkey QBER _Final key
05/06/2017  1329kby, 1.0%  J05ky. . - -
07/07/2077 g6 K™ 1.7% 398 k0, =

- & -

Progress of the Quantum Experiment Science Satellite (QUESS) ‘Micius’ Project

xix  For more on China’s quantum technology projects, see: Elsa Kania, John Costello, “Quantum Leap (Part 1):
China’s Advances in Quantum Information Science,” China Brief, 5 December 2016. https://jamestown.org/program/
quantum-leap-part-1-chinas-advances-quantum-information-science-elsa-kania-john-costello/ and Elsa Kania, John
Costello, “Quantum Leap (Part 2): The Strategic Implications of Quantum Technologies,” China Brief, 21 December
2016. https://jamestown.org/program/quantum-leap-part-2-strategic-implications-quantum-technologies/
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The Nanshan Observatory also has a 1.2m optical telescope (left) that has participated in quantum communi-
cations experiments.

In late December 2019, the research team successfully established links between Micius and a mobile ground
station.”®® While the technology is still under development, eventually, the network of ground stations could help
support secure communications for the military.

surasrs @

Nanshan Observatory optical telescope CCTV Image, 31 December 2019

State Radio Spectrum Management Center [+ [E JC2k A £

A little-discussed component of China’s space ground segment and space tracking system is the State Radio
Spectrum Management Center, which is responsible for radio monitoring and spectrum management (filling a
role similar to one of the Federal Communications Commission (FCC) in the United States). It is directly under
the Ministry of Industry and Information Technology (MIIT) and directly supports space tracking missions.?®
Monitoring stations [ {M[344] are located in Beijing, Chengdu (Sichuan), Fujian, Harbin, Shanghai, Shenzhen
(Guangdong), Shaanxi, Urumgqi (Xinjiang), and Yunnan, many of which feature large-scale radio-direction find-
ing stations and radio satellite communication stations.?”® Other affiliated stations have been identified in Tibet
and Inner Mongolia. The national network plays a role in locating and eliminating sources of radio interference
with satellite transmissions.*”!

The Beijing station is part of the network of global stations of the International Telecommunications Union
(ITU). Established in 2003, the facility is used for space radio monitoring. It has seven receivers capable of mon-
itoring non-GSO satellites and GSO satellites with a visible arc of 50° East longitude to 180° East.?*?

China’s Ground Segment
57



The Beijing station (left) has satellite monitoring capability and played a role in supporting the Shenzhou-6
amd -7 missions, as well as multiple Chang’e missions.

The organization appears to closely coordinate with the SSF and other parts of the Chinese armed forces, for

example, jointly holding an exercise All-PLA reserve spectrum management center [ 4 25 #5150 HE A1 it /5 2

EP)D].Z%

Beijing Station Shenzhen Station

Very Long Baseline Interferometry (VLBI) Network

A technique called very-long-baseline interferometry (VLBI)** can be used to improve the reception of very
faint radio signals such as those from distant galaxies or spacecraft operating in deep space. VLBI combines data
from physically distant receivers to enhance the quality of that data, providing sharp imaging of distant objects or
improved data reception from spacecraft.

To support its science projects and space exploration programs, China has built an expansive VLBI network,
including stations in Nanshan (Urumgqi), Miyun (Beijing), Kunming, Sheshan, and Tianma (Shanghai), Wuqing
(Tianjin), and a data processing center in Shanghai.?*’

While these stations appear to coordinate closely with CLTC, the Xi’an Control Center, and other components
of the PLA SSF Space Systems Department, they are, in most cases, directly subordinate to observatories under
the China Academy of Sciences (CAS). They are briefly profiled on the following page.
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China’s Very Long Baseline
Interferometry Network

China’s first large-scale radio telescope that laid the foundations for a VLBI network is the 25-m Sheshan

T
|

Nanshan I

Kunming

Jiamusi
Miyun o
Wqung
_ ﬁ_..
Sheshan
Tianma

. od

& -l.

Observatory [#% [1]] in Shanghai, completed in 1986.2%

Nanshan 25-m Radio Telescope
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The Xinjiang Observatory’s Nanshan [F[l]] station, located
south of Urumgqj, has a 25-m radio telescope that was completed
in 1993. In 2016, a second 25-m dish was added to the facility,
which also features a number of large optical telescopes. It is an
important component of China’s VLBI network.>”




To support the Chang’e 1 mission, the Lunar Exploration Program
Ground Application System was established, and in 2006 radio tele-
scopes were built in Miyun (Beijing) and Kunming (Yunnan). The tele-
scopes operate in the S/X band and participate in precision tracking of the
Chang’e spacecraft’s orbit and downlink scientific data it collects.?”® The
Miyun station features a 50-m radio dish, and the Yunnan Astronomical
Observatory’s radio telescope in Kunming has a 40-m dish.>”

In 2012, the Shanghai Observatory added a second large radio tele-
scope, a 65-meter receiver in Tianma [K55].3% In 2016, China com-
pleted the Five-hundred-meter Aperture Spherical Telescope (FAST), a
valley-spanning radio telescope in Pingtang County [*F-3#E], Guizhou,
used to study pulsars and other cosmic phenomena.*!

Yunnan Astronomic Observatory

In late April 2020, a 70m station was completed in Tianjin’s Wuqing
District [K¥EEEIEX]. This newest addition to China's network of radio telescopes is part of the National
Astronomical Observatories of China and will support China’s Mars and lunar exploration missions.*> Plans are
already underway to expand this network, including a 110-m steerable Qitai Radio Telescope in Xinjiang sched-
uled for completion in 2023 .3%

These stations communicate with those under the Xi’an Satellite Control Center, including Swakopmund,
Namibia, and components of international VLBI networks such as European Space Agency receivers in New
Norcia (Australia) and Cebreros (Spain), and the East Asia Very Long Baseline Interferometry network, which
includes radio telescopes in Japan and South Korea.>*
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3. CHINA’Ss GLOBAL SPACE INFRASTRUCTURE

While the preceding sections have mostly discussed space ground infrastructure within China’s borders since
the early 1990s, China has built or leased many stations abroad. Though most are subordinate to the organizations
outlined above, their histories and role in China’s economic strategies and diplomatic efforts mean that they can be
viewed together.

3.1 OVERVIEW

China has built or leased stations all over the globe to support its space program, which increasingly supports
commercial operations.™ As outlined in the preceding sections, this growth was initially driven by the manned
and lunar space programs. However, as Chinese industries became involved in satellite design and launch capa-
bilities in the 1990s, exports of space platforms and services have risen in prominence, symbolized by the launch
of the China-Brazil Earth Resources Satellite (CBERS) in 1999.

China’s ground segment also plays a role in its two major externally-focused strategies: the Going Out Strategy
and Belt and Road Initiative (BRI). In October 2000, China announced the “Going Out” Strategy [ £ H 2% /%]
to promote Chinese companies abroad and improve their global competitiveness. Backed by heavy subsidies,
Chinese companies have provided launch services for over 20 countries and international organizations.*?

Space infrastructure has also been linked to the BRI, introduced in 2013. In October 2016, SASTIND and the

NDRC issued Guiding Opinions setting out priorities for the development of the Belt and Road Space Information
Corridor [“—H7 — %> 25 {5 L Jig].300

The Corridor’s primary goals are to improve space infrastructure coverage of the areas of the Belt and Road
(strategically important areas on China’s periphery) and increase the competitiveness of China’s space industries
through sales of services and access to technology.

xx  Building a global network of ground stations for space missions is itself not unusual. The U.S. set up stations

in Nigeria and Singapore to support launch of the Explorer 1 satellite in 1958, and a global network of stations also
supported the Apollo missions. The U.S. Army built a global network of satellite tracking and reference sites used

to support the SECOR (Sequential Collation of Ranges) satellite series, a mapping and navigation initiative in the

1960s predating GPS, that had roughly 25 sites outside the continental United States in 1971. See: NASA Directory of
Observation Station Locations [Volume 2], 2nd Edition., NASA, November 1971. https://ntrs.nasa.gov/archive/nasa/casi.
ntrs.nasa.gov/19720012596.pdf
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Commercial Stations Abroad

In addition to stations operated by the Chinese military and the Chinese Academy of Sciences, commercial
operators are increasingly becoming involved in ground segment operations. As demand for satellite-based ser-
vices increases, the demand for more numerous stations abroad will rise.™ Several Chinese companies, including
Shenzhen Haiweitong, CASC, and SinoSat, provide commercial satellite services. These systems often require a
global network of ground stations in North America, Europe, and Sri Lanka, as well as stations within China in
Kashgar in Xinjiang, Beijing, Zhoushan, and Hong Kong (see inset).>”” Sino Satellite Communications (SinoSat)
supports its satellite broadband communication network with stations in Beijing, Hong Kong, Kashgar, Sri Lanka,
Europe (and two in North America).’® Others offer broadband satellite communications and internet connections
to maritime users such as MarineSat [ I.1#] and MarineTel [#£18]. These services use Very Small Aperture
Terminals (VSAT) aboard the ships to communicate with a constellation of communications satellites in geosyn-
chronous orbit.

The MarineTel platform is used by over 6,000 ships and oil platforms, including 4,000 fishing vessels.*”

Other examples of commercial applications that will drive the deployment of additional stations include satel-
lite collection of Automatic Identification System (AIS) tracking signals. AIS is emitted by civilian ships and are
used for cargo tracking and collision avoidance. A private Chinese company, HEAD Aerospace [F1{55 /], has

launched five satellites since 2017 as the basis
[ EEE of a larger constellation to collect AIS data.’'’

M \I?INI- SAT \‘\ORLDW\DE (OVERAGE

«*’ As commercial opportunities expand—

d ' r accelerated by the Chinese government's
ﬁ can promotion of the National Civil Space
: y Infrastructure Plan, Space-Earth Integrated
: Information Network Mega Project, and Belt
" : and Road Space Information Corridor—more
of these stations will likely come online and
become important components in China’s
ground segments.

International Cooperation

China is a participant in a number of international space exploration and infrastructure sharing initiatives.
Currently, CNSA has signed 117 cooperative agreements with 37 countries and four international organizations
and participated in activities with 16 space-related international organizations.?!! It has also deepened cooperation
in the development of sensors and other aspects of satellite R&D with countries including Switzerland, Italy, and
Poland.’"?

NASA and the Chinese Academy of Sciences signed an agreement to cooperate in limited project-specific
activities in plate tectonics and geodynamics research (satellite laser ranging and GNSS) in 1992 that remains
in effect to this day.?'* China has also participated in U.S. data-sharing and downlinking initiatives such as the

xxi  For comparison, U.S. commercial satellite imagery company Planet, which operates over 150 satellites, uses a
global network of 45 ground stations to downlink data. See “Innovation, Iteration, and Automation,” Planet, accessed
July 2020. https://www.planet.com/company/approach/
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Landsat Ground Station Operations Working Group.’'* Other international organizations the PRC participates in
include the International Laser Ranging Service (ILRS).*"

China is also a founding member of the Square Kilometer Array (SKA) Observatory Convention, along
with China, Australia, Italy, the Netherlands, Portugal, South Africa, and the United States.’'® The project will
build a massive array of small radio dishes in Australia and combine data with other radio observatories in partic-
ipating countries to conduct a number of scientific experiments, including tests of general relativity, and provide
observational data for the search for dark matter.

The Beijing Institute of Tracking and Telecommunications Technology (BITT) profiled earlier in this report
created a Space Research and Development Center [f/I K57 % JH1.0)] in 2000, which became the platform
for engaging in international technological cooperation with over 20 nations including the United States and
Russia.’!” It also plays a role in the construction of facilities overseas and was responsible for the construction of
foreign TT&C stations in Chile and Kiribati.*'®

While the primary goal of China’s stations abroad appears to have been commercial opportunities, it has also
paid diplomatic dividends. Cooperation in satellite development with France and Brazil, including the China-
Brazil Earth Resources Satellite (CBERS), has helped further relations with those countries. CBERS is similar to
the NASA Landsat and European SPOT programs, which publish Earth observation data for agricultural, land-use
planning, and environmental monitoring programs. Other domestically developed satellites, such as the Fengyun
weather satellite, offer similar value and have been linked to China’s Belt and Road Initiative. For example, China
built a Fengyun receiving station in cooperation with the Mozambique National Institute of Meteorology as part
of extending the BRI.?"?

In 2007 China announced that it was going to share data from the CBERS-02B satellite with African nations.
Ground station operations began in South Africa in 2009.**° The CBERS program was expanded globally in 2010
with the signing of the “CBERS Data Global Data Distribution Agreement” in Brazil.**' CRESDA has created a
platform for data-sharing from the CBERS-04 earth observing satellite with ASEAN countries.??

Space Infrastructure and the Question of Dual-use

China has made real achievements in space, but while there are regular calls within the United States and our
allies and partners to deepen cooperation with China, strategic competition and fears that information or technol-
ogy could be adapted for military use loom in the background. Since China began to build or lease TT&C stations
abroad, they have been subject to intense scrutiny regarding their connections with China’s military—and with
good reason.

To some extent, this is to be expected; most countries’ space programs emerged from military initiatives. The
nature of space technology itself further complicates the issue, as much of space infrastructure is inherently
dual-use. ™

xxii  Historically, the contemporary distinction between civilian, military, and “dual-use” in regards to space is largely
derived from the American experience in space and the Eisenhower administration’s attempts to prevent inter-service
competition. See: Roger Handberg “Dual-Use as Unintended Policy Driver: The American Bubble,” in Societal Impact of
Spaceflight, Steven J. Dick and Roger D. Launius, eds. NASA, Washington D.C. 2007. https://history.nasa.gov/sp4801-
chapter18.pdf, 356-357.
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PNT or imagery satellites are useful for civilian as well as military applications, and military access to civilian
communications satellites has been an important feature of war for at least 30 years.™ Militaries regularly make
use of commercial imagery and other remote sensing data, and many countries that might compete in other ways
cooperate to share data for land use or weather monitoring purposes. The National Reconnaissance Office (NRO),
which operates U.S. reconnaissance satellites, has recently expanded its relationship with commercial imagery
providers®?. These relationships also benefit the commercial sector, and Chinese authors regard U.S. civilian
success in space in part as a result of close cooperation between NASA and the U.S. Air Force.**

The overlap between TT&C stations, early warning systems, signals collection stations, missile instrumenta-
tion ships, and space tracking ships has been rather blurry. Ground stations, which have particularly provoked
questions about sovereignty and military purposes, have a particularly complicated history serving in both roles
since they can be used to assist in both missile and space launches—or to intercept those communications.™
This becomes more complicated when it involves establishing facilities on foreign soil, but this is also a regular
feature of space operations. The U.S. required TT&C support for its first satellite launch, the Explorer 1 satellite
in 1958, and set up stations in Nigeria and Singapore. In the 1960s, the U.S. Army built a global network of
satellite tracking sites used to support the SECOR (Sequential Collation of Ranges) satellite series, a mapping
and navigation initiative predating GPS, which included roughly 25 sites outside the continental United States in
1971.3% The Apollo lunar program and subsequent U.S. space exploration missions have also required a global
network of stations. Operations of NASA’s Earth observation satellite constellation involves a global network
of stations to operate, including a core network is composed of facilities within the United States, in Svalbard,
Norway, Alice Springs Australia, and Neustrelitz Germany. It has also been joined by stations in Brazil, Canada,
China, Germany, India, Indonesia, Italy, South Africa, South Korea, and Sweden.??

How then to understand China’s development of similar infrastructure? A key point to make is that in China’s
case, this relationship is even closer due to historical factors and its political system, which is structured with the
military directly subordinate to a ruling Leninist political party rather than to a national government. As outlined
in this study, almost every component of China’s space programs are administered by or works in close connec-
tion with its military. While organizations like CNSA present a civilian face for China’s space programs, cursory
analysis of their leadership and structure indicate they are civilian in name only. China Launch and Tracking
Control (CLTC), the organization responsible for China’s TT&C network and support ships, is believed to now
be a component of the PLA Strategic Support Force Space Systems Department. The Yuanwang ships under the
China Satellite Maritime Tracking and Control Department and their deliberately-obfuscated connections to the
PLA (the SSF SSD specifically) are another point of concern.

More broadly, the civilian organizations under the China Academy of Sciences have close ties to the PLA.
There appears to be significant cooperation between SSF units involved in space tracking, including the Deep
Space Network, and the National Astronomical Observatories of China [[E 22Kk %3], which share data and

xxiii  Chinese observers reference the point that during the first Gulf War in 1991, U.S. use of military and commercial
space infrastructure included over 70 satellites, 118 mobile ground stations and 12 commercial satellite terminals. See:
Jiang Lianju [Z3%2¢], ed. Lectures on Space Operations [%[F{F "7 2(1%], Beijing: Academy of Military Sciences Press,
2013, 191

xxiv  For example, the NSA built a collection station in Asmara, Eritrea—then a province of Ethiopia—to gather
telemetry signals intelligence (TELINT) or Foreign Instrumentation Signals Intelligence (FISINT) on the Soviet command
station for Soviet deep space objects and Soviet space probes. See: “Telemetry Intelligence (TELINT) During the Cold
War,” National Security Agency Center for Cryptologic History, 2016. https://www.nsa.gov/Portals/70/documents/about/
cryptologic-heritage/historical-figures-publications/publications/misc/telint-9-19-2016.pdf, 24.
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cooperate on technical issues. A Chinese article on cooperation between the Jiamusi Deep Space Station and
the National Astronomical Observatories of China described it as “joint military-civil cooperation that achieved
‘win-win’ results.”*?” Concerns that technologies developed in the commercial sector, often with foreign inputs,
may be shared with the PLA are justified, as Chinese companies are themselves explicit that that technology will
be spun-off for military use. The creation of a “Satellite Application Comprehensive Center” in 2018 under the
CASC 5th Academy’s [ KB G2 4] FLFE]> Satellite Application General Department [ 1122 iV F S 4K, for
example, is intended to encourage private investment in and use of satellite resources, and direct the results of
these toward the military.>?®

In summary, the overlap between civilian and military sectors is a regular feature of space operations, includ-
ing the ground segment. Evaluating China’s development of a network of stations outside its borders should be
viewed through that lens, but with the understanding that China has chosen to obfuscate these ties.

xxv  Also known as the China Academy of Space Technology [ [ %5 [a] £ A A 5% ], China’s main developer of
spacecraft.
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3.2 CHINESE TT&C STATIONS AND INTERNATIONAL PARTNERS

The following map and descriptions of ground stations, arranged alphabetically by country, are identified as
having been leased by cooperating with or directly constructed and operated by China’s space programs. While
some of these stations are commercial operators that provide services to a wide range of other countries, they are
included due to their identification by Chinese officials as part of “China’s network.”

Chinese Space Tracking Stations and International Partners

R T = |
T Kangerlussuag . «:fﬁ Wﬂﬁ
< i = : ] ; = R

Swakopmund r { a Dongara

v New Norcia
Hartebeenshoek erquelen - - }
. =

I *Includes inactive stations and former partners Map by Peter Wood |
Country Location Mission Coordinates
Argentina Neuquén Deep space tracking -38.192607, -70.148405
Australia Dongara Shenzhou spaceflight missions -29.046755, 115.351077
Australia New Norcia Deep space tracking, lunar missions -31.0482, 116.191
Brazil Alcantara Launch Center CBERS -2.334606, -44.419621
Chile Santiago Station Shenzhou spaceflight missions -33.150239, -70.667962
Ethiopia Entoto Observatory ETRSS-1 9.108695, 38.807249
France Kourou, French Guiana Deep space tracking, lunar missions 5.222222, -52.773611
France Issus Aussaguel, Toulouse Shenzhou spaceflight missions 43.428655, 1.497401
France Kerguelen Station BNU-1 Polar Satellite -49.351939, 70.256424
Greenland Kangerlussuaq Beidou 67.018341, -50.708817 *
Kiribati Tarawa - Inactive Shenzhou spaceflight missions 1.356354, 172.932916 *
Kenya Malindi Shenzhou spaceflight missions -2.996044, 40.194204
Namibia Swakopmund Shenzhou spaceflight missions -22.574645, 14.548539
Pakistan Karachi, Dehmandro Shenzhou spaceflight missions 25.193106, 67.099325
Spain Maspalomas Station Deep space tracking, lunar missions 27.7633, -15.6342
South Africa | Hartebeesthoek Station CBERS -25.890095, 27.685227
Sweden Kiruna Shenzhou spaceflight, downlinking 67.881219, 21.061046

*Imprecise location
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Dongara, Australia [ /il1f73}]

The fifth station to join China’s network of overseas TT&C ground
stations is located in Dongara in Western Australia. Owned by the
Swedish Space Corporation (SSC), it was first leased to support the
2011 unmanned Shenzhou 8 — Tiangong docking mission.**

The decision to allow Chinese use of the facility was criticized.
Des Ball, an Australian academic and security expert, claimed the
station was dangerous as the Shenzhou 8 was being used to collect
electronic intelligence.** In September 2020, SSC said it would not
be renewing or carrying out any new Chinese satellite business.**!

Dongara Station
Santiago, Chile: Santiago Station [EH ]

China has also used antennas in Santiago, Chile, to support
Chang’e, Shenzhou, and satellite missions.

China Satellite Launch and Tracking Control General (CLTC)
began cooperating with the University of Chile’s Space Research
Center in 1994 and leasing satellite tracking and control equip-
ment.**? In 2008, CLTC built the Santiago China Ground TT&C
Station [ &MV AR TLA # A% 35k], which supported the
Shenzhou-7 mission that year. The facility is currently operated by
SSC Chile.**

Santiago Station CLTC signed an agreement for access to a 10-m C-band antenna
at Santiago in May 2010. The station appears to be under the Xi’an
Satellite Control Center and to provide data to Xi’an and Beijing
centers.

Ambassador Lu Fan was invited to visit the Chil-
ean branch of the Swedish space company.
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Addis Ababa, Ethiopia

Highlighting the ways China is using space for diplo-
matic inroads is its relationship with Ethiopia.

In 2018, the Ethiopian Ministry of Science and
Technology signed a cooperative agreement with CNSA.
The Chinese delegation indicated that they were “ready
to provide training and support and to launch satellites in
addition to the comprehensive cooperative agreement on
space activities.”**

China launched Ethiopia’s first-ever satellite in
December 2019. While donated by China, Ethiopian
scientists participated in its design, and 20 Ethiopian
engineers have been trained in China to operate the
ground station.’* The 65-kilogram microsat features a

multi-spectral wide-angle camera to collect agricultural Ethopian Ground Station
data.’®

The purpose of the satellite is to support agricultural transformation, forest resource monitoring, weather fore-
cast, and infrastructure projects. Ethiopia currently relies on data and services from foreign satellites, which costs
millions of dollars each year. The new satellite is intended to be the first step toward Ethiopia developing its own
capabilities.*’

The ground station for the satellite is based at the Entoto Observatory and Research Center located in the
mountains north of Addis Ababa. Construction of the observatory began in 2008, and it currently has two 1-meter
telescopes and a satellite receiver.’*®

The Ethiopian Space Science and Technology Institute (ESSTT) [ 2E K 25 B2 ARME 58 IT] cooperates with,
among others, China Aerospace Science and Technology Corporation (CASC), and China Great Wall Industrial
Corporation (CGWIC).?**
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French Stations

In 1984, the Xi’an Satellite Control Center and the French government signed an agreement to cooperate
on space tracking.’* Since then, Chinese organizations and the French space agency Centre National d’Etudes
Spatiales (CNES) have cooperated in several different areas of space exploration, notably using European Space
Agency (ESA) and French-run stations in Toulouse, Kerguelen Islands, and at the Guiana Space Centre in French
Guiana to support satellite tracking and deep-space communication missions.

Another area of cooperation is the China France Oceanography Satellite (CFOSAT). Initiated in 2016, CFOSAT
is a joint mission devoted to the observation of ocean surface wind and waves undertaken by the Chinese and
French Space Agencies.’*! Both countries contribute to the ground segment. The Chinese contribution to the
ground segment is composed of a “Satellite Control Center” located in Xi’an (China), three TT&C ground stations
in Beijing, Sanya, and Mudanjiang,*** and a Mission Center for data processing, distribution, and archiving. The
French CFOSAT Ground Segment is composed of two X-band Stations, located in Kiruna (Sweden) and Inuvik
(Canada), and two mission centers: one operated by CNES in Toulouse (France) for near-real-time processing
distribution of data, and data archiving, and a second one for differed-time data processing, distribution and
archiving operated by Ifremer in Brest (France). Some ground stations within China, such as the China Academy
of Sciences-operated station in Kashgar, downlink data from the French SPOT (Satellite Pour I’Observation de la
Terre) earth observation satellites.’*

Issus Aussaguel, Toulouse, France

Issus Aussaguel™ is home to a large TT&C station operated by CNES that has participated in various Chinese
space missions, including the Tiangong-1/Shenzhou-8 docking mission in October 2011.** During that mission,
the Aussaguel station worked as part of a network with Chinese TT&C stations as well as stations in Dongara,
Australia, and Alcantara, Brazil, and Kerguelen station.

Port-aux-Francais, Kerguelen Islands, France [2Jl/R & k]

Located in the south-central Indian Ocean, the TT&C
station at Port-aux-Frangais, in the Kerguelen Islands (also
known as the Desolation Islands), is operated by CNES.

Chinese sources indicate the station has supported the
October 2011 docking between the Shenzhou 8 and the |
Tiangong-1 station, among other missions.*® Its location |
makes it ideal for providing coverage in an area that would
otherwise require dispatch of one of the Yuanwang ships.

Port-aux-Francais

xxvi This is usually referred to in Chinese sources as Aussaguel Station [#%£ 3 /R3] or by the nearest large city
Toulouse [1-4544]
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Malindi Station, Kenya [ /i k]

Malindi station, operated by the European Space Agency, is equipped with an S-band transmitter/receiver and
L- and X-band receivers.**® Malindi participated in tracking of the Shenzhou-5 mission, China’s first crewed
spaceflight, providing TT&C coverage between the Swakopmund (Namibia) and Karachi (Pakistan) stations.**’

The station provided important data assisting with braking maneuvering and re-entry of the Shenzhou-6
mission**.

Malindi Station Malindi Station

Tarawa, Kiribati [5 7] 47 or 2 B 0 £547 FLuh)

As China made preparations for its crewed spaceflight program, it began identifying potential locations for
ground stations. Located in the central Pacific, Tarawa offered more reliable coverage while being significantly
cheaper than using the Yuanwang TT&C ships. Tarawa previously hosted a ground station for the U.S. Army Map
Service’s SECOR Geodetic Satellite Observation Station (part of a predecessor to GPS) in the 60s and 70s.>*

Negotiations between China and Kiribati to build a station in Tarawa began in June 1996, and in September of
that year, China signed a 15-year lease for a 1-hectare plot of land to build a space tracking station.

While the agreement stipulated that “The Chinese government promises that the measurement and control sta-
tion will be used exclusively for peaceful purposes and will not be used for military purposes at any time,” there
were concerns about the station’s proximity to U.S. missile testing ranges in the Marshall Islands.**

The station was completed in 1996 and was rented for 1.2 million RMB per year (roughly $143,000 at the
time).*! The establishment of the station was a significant cost-savings measure, as, without it, China would have
been required to dispatch the Yuanwang space tracking ships, which cost three times as much.**

Kiribati maintained diplomatic relations with the PRC until November 2003, when it switched recognition
to Taiwan. The tracking station was shut down, but the facilities were apparently mothballed, not removed.*>
Kiribati switched recognition back to the PRC in September 2019, raising the possibility that the station could be
restored.
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Swakopmund, Namibia [} FLE}E 575)

China and Namibia signed an agreement to set up
the TT&C station for China’s crewed space program in
October 2000, with the particular goal of assisting with
control of the re-entry and landing phases. The sta-
tion was completed in July 2001 and is subordinate to
the Xi’an Satellite Control Center.*** In 2003, during
the Shenzhou-5 mission, the station coordinated with
the Yuanwang 3 TT&C ship operating off the coast of
Namibia. Since 2008, Namibia has sent students to China
to learn high-tech skills related to the station, with the
goal of expanding the use of remote sensing data and

other space applications in the country. Liu Yang, the first Chinese woman in space, speaks at the
station in 2019

In 2010, Namibian Ministry of Education officials
expressed hopes that the station would encourage the use of space applications for land and town planning,
disaster and flood management, agricultural surveys, and other tasks.**> In 2012 China and Namibia signed an
agreement to employ Namibians at the station to facilitate skill transfers.*>

Dehmandro, Karachi, Pakistan [47 %73 or g IV 3k]

China has a long-standing history of cooperation with
Pakistan’s missile and space industries: in 1990, China
launched Pakistan’s first domestically produced satel-
lite, the Badr-I. This program also extended to ground
operations.

The Karachi station, China’s second overseas TT&C
station, was unveiled on October 1, 1999. It is housed
inside the headquarters of Space & Upper Atmosphere
Research Commission (SUPARCO), Pakistan’s space
agency.>’

China signed a joint research agreement with Pakistan ; '
for space technology in 2006 that was extended in May Karachi station
2007.

In November 2009, China Great Wall Industry Corporation, a subsidiary of CASC, was contracted to support
the construction of a ground TT&C system for Pakistan’s 1R communication satellite (PAKSAT-1R).3*® The
included the Karachi main station and a secondary standby station in Lahore [/ & /R 75 uk].

China has continued its cooperation with Pakistan in space, launching a second geostationary satellite in August
2011.
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Hartebeesthoek, South Africa, Hartebeesthoek Ground Station

To help downlink data from natural resources satel-
lites, China has established an agreement with the South
African National Space Agency (SANSA) to use the
Hartebeesthoek Ground Station.

The station was originally built by NASA in 1961
as the Deep Space Instrumentation Facility (DSIF) to
support tests of early space probes such as Ranger and
Surveyor and later missions, including Apollo.* The
site was closed in 1974 due to political instability and
the Apartheid regime.

The China Centre for Resources Satellite Data and

Application (CRESDA) and the South African National — Hartebeesthoek Ground Station

Space Agency (SANSA) signed an agreement in 2008,

giving SANSA the right to freely receive, process, archive, and distribute CBERS satellite data.*®® The facility
appears to work with other international organizations as well, including NASA.

Kiruna, Sweden, Arctic Satellite Receiving Station [JUH5 122 2]

This station in northern Sweden is part of the Aerospace Information
Research Institute/China Remote Sensing Satellite Ground Station (RSGS)
and was completed in December 2016. The station is able to receive data
from earth-observing satellites and supports China’s Gaofen project [i=
43 B K 071], the umbrella for its Gaofen (lit. High Resolution) imaging
satellites. China’s National Satellite Meteorological Center also receives
data from the Kiruna station.

Kiruna also acts as one of two polar ground stations for the Chinese-
French Oceanography Satellite (CFOSAT). The station consists of one
12-meter S/X/Ka Frequency antenna.*' Its ability to receive data at higher
bandwidths (such as Ka-band 4x1.5Gbps) means that it can more rapidly
download and transmit data from satellites, which Chinese media note as
significant.>®?
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Kangerlussuaq, Greenland

In May 2017, Beijing Normal University (BNU) [t
HIMYEK2#], Greenland Tele-Post and the Greenland
Institute of Natural Resources held a launch ceremony for
the Greenland Satellite Ground Station [#%[% == 112
[f737] in Kangerlussuaq [ 556 & 7 EUI% ], Greenland 3%

In addition to the Kangerlussuaq station, BNU plans to
build a remote sensing satellite ground station in Nuuk,
the capital of Greenland. It is unclear if this is related to
the Kongsberg satellite ground station in Nuuk.*** These
satellites will help support not only the Beidou satellite '
navigation system but also China’s larger ambitions for Bejjing Normal University launches second arctic satellite
the Arctic.’®® One of the participants, Cheng Xiao [#£ ground station in Greenland
%] (second from the left in the photo above), is the Dean
of BNU’s Institute of Global Change and Earth System.*

According to an article in S&T Daily, part of the impetus for the project was China’s reliance on U.S. satellite
data when China’s nuclear-powered icebreaker Xuelong [Z5 ] was trapped in Arctic ice in January 20143 To
reduce this reliance and further Chinese scientific studies, China plans a constellation of 24 small satellites to pro-
vide continuous coverage. This will be later supplemented by high-orbit synthetic aperture radar satellites, with
the overall project slated for completion by 2030. Chinese scientists, for example, note that the U.S., Europe, and
Canada have achieved large-scale continuous observation of the Arctic and that existing polar-orbiting satellites
(such as the Fengyun satellites) cannot provide the same type of observations.

China’s current satellites, including the ZY-03, Gaofen-3, and Fengyun weather satellites, do not provide suf-
ficient observations or at a sufficiently detailed level to complete necessary scientific projects.>® In December
2019, China launched the BNU-1 satellite [#Ki# . 2; lit. “Ice Road Satellite”] built by BNU to conduct polar
research.

BNU hopes to build follow-on stations in Antarctica as more polar monitoring satellites are deployed.*®

Scientists at BNU are spearheading a so-called “Tri-polar Environment and Atmosphere Scientific Plan,” often
shortened to “Tripolar plan” [ =# 11 %/], which involves studying both poles as well the Tibetan plateau [ i,
1% Ji], which are major indicators of climate change. Satellites deployed as part of the plan are meant to augment
the data collection capabilities of existing Gaofen and Fengyun Earth-observing satellites.
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Additional Polar Sites

In addition to the sites in Sweden and Greenland, China has established research stations near both poles that
may be upgraded to communicate with satellites in polar orbits.*”

Arctic
Canada - Inuvik Satellite Station

Data from a joint Chinese-French Oceanography Satellite (CFOSAT) is downlinked to the Inuvik Satellite
Station in northern Canada and Kiruna in Sweden.’”! Chinese scientists have also expressed interest in establish-
ing a polar research station in Canada.’”

Finland

In April 2018, the Institute of Remote Sensing and Digital Earth of the Chinese Academy of Sciences [H
Bler B B ERFT] and Finland signed a “Sino-Finnish Arctic Space Joint Research Cooperation Agreement”
to support cooperation in four main areas: data exchange and information services in alpine and polar regions,
satellite data downlink capabilities, scientific research and ground experiments, and personnel visits.*”?

The agreement also included plans to build an “Arctic Space Observation and Information Service Joint
Research Center” in collaboration with the Arctic Space Centre of the Finnish Meteorological Institute (FMI-
ARC) in Sodankylid [% ]} #13€] in northern Finland. The joint research center, officially inaugurated in October
2018, is positioned as the data and international network center for the alpine regions envisioned in the “Ice Silk
Road” and “Digital Silk Road” plans under the Belt and Road Initiative.’”* Russian state-controlled news agency
Sputnik cited this development as a new breakthrough in China’s quest to conquer the Arctic following its estab-
lishment of the ground station in Kiruna.*”

In September 2019, China’s Aerospace Information Research Institute of the Chinese Academy of Sciences
(AIRCAS) announced that the joint research center had been completed.’” According to AIRCAS, this devel-
opment marks an important progression of this cooperative relationship: the near-real-time download of data
through FMI-ARC will provide strong data support for scientific research and information services in the alpine
region.

Norway - Svalbard Satellite Station

China opened its first scientific research station in
the Arctic in Ny-Alesund (the Yellow River Station) in
2004.%77 The Svalbard Satellite Station, which is over
100 km away from the Yellow River Station, is a major
station for global satellite networks. Chinese actors were
alleged to have launched a cyber-attack on two U.S. sat-
ellites in October 2007 and July 2008 through the station,
but these reports have not been verified.*”

Maxar Technologies, Google Earth 2020
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Antarctica

China has built several scientific research stations in Antarctica. On various expeditions, Chinese scientific
research teams have set up radar reflectors for calibrating satellites and established a reference station [3&{fEu}]
for the Beidou GNSS.?” There are apparently plans to turn it into a fully-functional TT&C station.’®® A fifth
station is being built in the Ross Sea area under the working name “Victoria Land Newly-Built Station” [4EZ 7]
VBT ]38 Basic surveying and mapping work for this station was completed in January 2014.3%2

In her examination of China’s expanding interests and activities

Chinese Scientific Stations in Antarctica

in Antarctica, scholar Anne-Marie Brady noted that China’s draft [ 5 oat wall Station Kot
Comprehensive Environment Evaluation (CEE) for the new base [ o - o o EVT
pubhshefi n Jam(;ary 2(t)14 hlghhghtid cllm?ltet change.reszallrtcl'l; Taishan Station FIlh
space science, and remote sensing as key projects, meaning that i Zhongshan Station L

will likely play a role in space tracking or related tasks.*"?
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CONCLUSION

The size and sophistication of China’s space ground segment within China and abroad has increased signifi-
cantly. China seems on track to meet many of the milestones for the National Civil Space Infrastructure Plan, and
is now capable of providing global control, downlink, and tracking operations of objects from low Earth orbit
to deep space. This network of stations and the relationships that enable them to continue to bear fruit in terms
of deepening relationships and opening markets for Chinese space services. China will continue to place a high
value on space not only for its strategic significance but for the billions of RMB for China tens of thousands of
jobs, space-related industries are expected to create. The ground segment will play a vital role in this endeavor.

Changes in technology are also going to reshape China’s space infrastructure. There is an ongoing shift away
from large, expensive stations, as networks of small but cheap optical and radar satellite tracking stations and
radio ground stations become more popular. These stations will not reduce the need for large installations neces-
sary for deep space missions, but it will mean that China can easily build redundant and highly accurate systems
to connect space-based Internet of Things devices, downlink data, or track satellites and space debris.

Ultimately, as part of the Space-Earth Integrated Information Network Mega Project, Chinese scientists and
engineers plan to build a constellation of space-based sensors, linked by data-relay satellites that can provide
the necessary services without involving leasing or building stations abroad. While this project deserves to be
monitored because it will have important impacts on China’s economic and strategic capabilities, it must be noted
that it lags behind military programs run by the DOD and is dwarfed by commercial projects underway in the
United States.

The U.S. and its allies and partners have benefited from scientific cooperation with China, but going forward,
this must be done with a realistic understanding of China’s intentions and the real nature of the organizations to be
partnered with. Navigating the need to cooperate in space as a global commons, including sharing tracking data,
is complicated by its role as a strategic domain.

While China has, in many ways, benefitted from the opacity surrounding its space program and supporting
organizations, this study makes it clear that with even cursory research, the curtain can be pulled back. The United
States, along with our partners and allies who choose to engage with China on space issues, should, at minimum,
understand the nature of the organizations they are working with and the consequences for international norms of
a China strengthened by access to international space technology.
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APPENDIX 1: TIMELINE OF CHINA’S SPACE PROGRAM

1956 Jiuquan Satellite Launch Center (JSLC), Base 20, founded

1964/11/23 Seventh Ministry of Machine Building established to oversee space development

1965 China Satellite Maritime Tracking & Control Department, Base 23, founded; program to build China’s first
satellite (Project 651) initiated; work begins on Long March 1 based on the first two stages of the DF-4
missile

1965/6/28 Intelsat | - world’s first commercial communication satellite - begins operation

1967/6/23 Satellite Ground Tracking Department, forerunner to the Xi'an Satellite Control Center (XSCC) / Base 26,
founded

1967 China establishes the Taiyuan Satellite Launch Center (TSLC), Base 25

1970/1/30 First successful launch of a Long March 1 (CZ-1) rocket

1970/4/24 Dongfanghong 1 launched aboard a Long March 1

1970/6 China begins communications satellite project

1971/4 714 Project, China’s first manned space program established; later canceled

1972 Beijing Satellite Communications Earth Station established

1975/9 Satellite Control Center, Base 26, established

1975/11/26 China becomes the third country to successfully launch and recover a satellite

1979/12 CAS Institute of Remote Sensing Applications founded

1979/12/29 | Xichang Satellite Launch Center, Base 27, founded

1981 National Remote Sensing Center established

1981/9/20 China successfully launched a group of three satellites with a single rocket

1982/5 Seventh Ministry of Machine Building renamed Ministry of Aerospace Industry [tk Vi)

1982/10 Successful test of the JL-1, China’s first SLBM

1984/4/8 Dongfanghong 2 experimental geostationary communication satellite launched

1983 Ministry of Aerospace Industry reformed into the Ministry of Aeronautics & Astronautics Industry

1986 China Launch and Tracking Control (CLTC) established; 25-m Sheshan Observatory radio telescope
completed

1986/2/1 First practical Chinese communications satellite put in orbit

1986/12 Sino-US Scientific and Technological Cooperation Agreement signed, supporting the establishment of
first Chinese RSGS ground station

1988 China-Brazil Earth Resources Satellite (CBERS) program established

1988/9/7 Fengyun-1experimental meteorological satellite successfully launched aboard Long March 4 rocket

1990/4/7 U.S.-made Asia-1 communications satellite launched, marking China’s entry into the global space launch
market.

1992/9/21 Work begins on China’s manned spaceflight program

1993 CNSA formed from the former Ministry of Aerospace Industry
Nanshan 25-meter radio telescope built outside Urumaqi

1994 Beidou project established

1994 CLTC begins cooperating with the University of Chile’s Space Research Center

1995 Satellite Control Center moved to Xi'an

1996 Tarawa TT&C station in Kiribati completed

1996/3 Beijing Aerospace Flight Control Center established
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1997/6/10 Fengyun 2 launched

1998 General Armaments Department established

1999/10 China-Brazil Earth Resources Satellite Launched

1999/11/20 Shenzhou-1, China’s first manned spaceflight experimental spacecraft, launched from Jiuquan

2000/10/11 China and Kenya signed an agreement on the establishment of an aerospace measurement and control
station

2001/1/9 Shenzhou-2 unmanned mission

2001/4/25 National Astronomy Observatory of China founded through the merger of independent China Academy of
Sciences observatories and related organizations

2002/3/25 Shenzhou-3 unmanned mission

2002/11/29 Shenzhou-4 unmanned mission

2003/5 Beidou-1 system completed

2003/10/15 Shenzhou 5, China’s first manned spaceflight

China’s Ground Segment
78




APPENDIX 2: CHINESE GROUND STATION COORDINATES

Stations Within China

Organization | Location

| Coordinates

China Satellite Launch and Tracking Control General Department (CLTC)

| Beijing headquarters

| 39.962253, 116.385927

China Satellite Maritime Tracking and Control Department (Base 23)

| Jiangyin, Wuxi, Jiangsu Province

| 31.942827, 120.288723

Unconfirmed Affiliation SSF Early Warning / Space Tracking Large Phased-Array Radars

LPAR, Yiyuan County [JT7§£], Shandong Province

36.024856, 118.092048

LPAR, Lin'an District [l[i*&[X], Zhejiang Province

30.286567, 119.128608

Beijing Aerospace Flight Control Center

Headquarters

40.071983, 116.256847

Xi’an Satellite Control Center (XSCC) (Base 26)

Changchun Station [{:% 4], Changchun, Jilin Province

43.725332, 125.540836

Qingdao Station [# & lll#% 3], Qingdao, Shandong Province

36.194830, 120.302880

Nanning Station [F4 7" Jl#%34], Nanning, Guangxi Province

22.888060, 108.304440

Menghai Station [##l[4%35], Menghai County, Yunnan Province

21.946553, 100.452665*

Yao'an Substation [63760 A k4 433k], Yao'an, Yunnan Province

25.489181, 101.169445*

Lingshui [BZ7K#%354], Lingshui, Hainan Province

18.439798, 109.874072

Jiamusi Station (LPAR Sub-Station), Huanan County, Heilongjiang

46.528092, 130.755276

Weinan Tracking Station [ #ll#%%}], Dongyuan, Shaanxi Province

34.467904, 109.544941

Zhanyi Station [ 7 (J#%)%4], Zhanyi County, Yunnan Province

25.638159, 103.715123

Mobile Tracking & Recovery Department [1% {4 [E[I5#5], Weinan, Shaanxi Province

34.503420, 109.416442 *

1st Mobile Station, Weinan, Shaanxi Province

34.482661, 109.487657

2" Mobile Station, Hetian, Xinjiang AR

37.164167, 79.871307 *

3 Mobile Station (main base)

42.039565, 111.534044

Deep Space Network (under Xi’an SCC)

Jiamusi, Heilongjiang Province

46.493403, 130.770409

Kashgar, Xinjiang AR

38.423420, 76.712207

Neuquén, Argentina

-38.191439, -70.149627

Jiuquan Satellite Launch Center (JSLC) (Base 20)

Jiuquan Satellite Launch Center [I4 5% A2 % 51 H1.03], Alxa, Inner Mongolia AR

40.983507, 100.206390

Secondary landing site [&% 7]

40.536242, 101.022394 *

Dashuli Radar Tracking Station [/ BT i ) 3]

40.722291, 99.992276

U/l optical tracking station [t &k ]

41.326159, 100.365313*

U/I telemetry station

41.103952, 100.279730*

Large Phased Array Radar (LPAR) Korla, Xinjiang AR

41.641194, 86.236749

Taiyuan Satellite Launch Center (TSLC) (Base 25)

Taiyuan Satellite Launch Center [AJii & % 5fH0»], Kelan County, Shanxi Province

38.848333, 111.610278

Telemetry station

38.808858, 111.611199
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Dongfang Aerospace Port [#: 77 /il K], Haiyang, Shandong Province

36.672862, 121.235374

Unit 63726 (possible) LPAR station [XL-3208" %], Kongtong Dist., Gansu Province

35.483025, 106.571871

Main radar tracking station [FH i34, Yangqu, Shanxi Province

38.016892, 112.636536

Mobile radar station, 6th dui, Yinchuan, Ningxia AR [‘7* & 4%)1]]

38.494519, 106.277348 *

Xingxian Station [>*% 53]

38.507539, 110.920224 *

Xichang Satellite Launch Center (XSLC) (Base 27)

Xichang Satellite Launch Center [/ 5 T2 & & #1.0)] Liangshan Yi Autonomous Prefecture,
Sichuan Province

28.245963, 102.028178

Niutoushan tracking station [£F-3k LRIt/ 4=k L 7 4]

28.196568, 102.069191

Tracking station

27.911767, 102.209881*

Yibin Satellite Observation and Measurement Station [E 2=l 53], Yibin, Sichuan

28.743607, 104.611790

Yibin Barracks

28.764813, 104.641389

Baita Mountain, Yibin possible auxiliary station

28.775649, 104.634663 *

Guiyang Observation Station [ FHLl%4] in Huaxi County, Guizhou

26.409398, 106.670273

Wenchang Spacecraft Launch Site (WSLC) (Under Xichang SLC)

Wenchang Spacecraft Launch Site [3 & ik & 53], Wenchang, Hainan Province

19.652510, 110.938741

Tongguling tracking station [ 04 M 1]

19.639694, 111.029314

Paracel Islands tracking station [/ 7ll[#3#4], Duncan Island

[T PR R L)

16.451586, 111.713916

Unidentified / Possible Space Tracking or Missile Instrumentation Sites

Possible (PLAAF) LPAR Hui'an, Fujian Province
(R SR T E 2 B

25.126471, 118.751507

Aerospace Information Research Institute (AIR)

Kashgar Station

39.504344, 75.930372

Miyun Station

40.451465, 116.858186

CAS National Astronomical Observatories of China [[H% k5]

Beijing Observatory Station, Miyun, Beijing

40.557929, 116.976632

Changchun Satellite Observatory [1:7 A 105 Wil k)

43.790677, 125.443823

Possible Substation

43.793982, 125.458251

Sheshan Observatory Station [#%1113], Shanghai (under Shanghai Observatory)

31.099321, 121.199758

Xinjiang Observatory Nanshan [F111]

43.471881, 87.177425

Yunnan Astronomical Observatory [EH]

25.027370, 102.795947

National Satellite Meteorological Center [[E% 255 10

National Satellite Meteorological Center Headquarters, Beijing

39.947675, 116.320940

Beijing Weather Satellite Ground Station [t 5155 1L 52 i)

40.050972, 116.276899

Guangzhou Weather Satellite Ground Station [J /155 1 & i vk

23.164589, 113.338715

Secondary location

23.243476, 113.411842

National Satellite Ocean Application Service [[E % T 27 I H 0]

Lingshui Station, Hainan

18.490251, 109.931629

State Radio Spectrum Management Center [ [E o2k Hi 8 Hi

Beijing Station

39.660041, 116.254973

Shaanxi Station

34.528998, 109.098328

Shanghai Station

30.864138, 121.582030
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Shenzhen Station

22.579901, 114.499123

Urumgi Station

43.850092, 87.554027

Yunnan Station

24.617104, 102.949126

Communications Stations

Beijing Satellite Communications Earth Station [ 77 105 i {5 i Bk il

40.050966, 116.274398

International Stations

Argentina Neuquén -38.192607, -70.148405
Australia Dongara -29.046755, 115.351077
New Norcia -31.0482, 116.191

Brazil Alcéntara Launch Center -2.334606, -44.419621
Canada Inuvik 68.319464, -133.552426
Chile Santiago Station -33.150239, -70.667962
Ethiopia Addis Ababa, Entoto Observatory 9.108695, 38.807249
France Kourou, French Guiana 5.222222, -52.773611

Issus Aussaguel, Toulouse, France

43.428655, 1.497401

Kerguelen Station

-49.351939, 70.256424

Greenland Kangerlussuaq 67.018341, -50.708817 *
Nuuk 64.182770, -51.733997 *
Kiribati Tarawa - No longer active 1.356354, 172.932916 *
Kenya Malindi -2.996044, 40.194204
Namibia Swakopmund -22.574645, 14.548539
Norway Arctic Yellow River Station [#{7}], Ny-Alesund, Svalbard 78.9232, 11.9345
Svalbard Satellite Station 78.230302, 15.395534
Pakistan Karachi, Dehmandro 25.193106, 67.099325
Spain Maspalomas Station 27.7633, -15.6342
South Africa Hartebeesthoek satellite ground receiving station -25.890095, 27.685227
Sweden Kiruna 67.881219, 21.061046

Chinese Scientific Stations in Antarctica

Great Wall Station [1:3i]

-62.216838, -58.961855

Kunlun Station [E£ )]

-80.41734, 77.116449

Taishan Station [ 1113]

-73.85, 76.966667

Zhongshan Station [11]3]

-69.373587, 76.37165

*: Imprecise Location U/I: Unidentified or unconfirmed affiliation
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APPENDIX 3: IMAGE SOURCES

Page

Img. No.

Source

24

1

“The students of Huabo Innovation and Technology’s “Love and Help the Wisdom” project visited
Beijing Aerospace Flight Control Center” [fE IR} “Z k5" T H M A2 TR’ T
fil*.03], Huabo Innovation, 27 April 2018. http://www.hbck.com.cn/portal.php?mod=view&aid=142

24

“Li Jian named Director of the Beijing Aerospace Flight Control Center [JbmtfiR K742 il 0y
FA1EZE81], SCIO, 18 November 2016. http://www.scio.gov.cn/xwfbh/xwbfbh/wqfbh/33978/35474/
pic35477/Document/1520027/1520027.htm

27

“KAFTL 5 Zh & 5F1 ” Global Times, 27 December 2019. https:/k.sina.cn/arti-
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