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China Aerospace Studies Institute

CASI's mission is to advance the understanding of the strategy, doctrine, operating
concepts, capabilities, personnel, training, and organization of China’s aerospace forces and the
civilian and commercial infrastructure that supports them.

CASI supports the Secretary of the Air Force, Chief of Staff of the Air Force, Chief of Space
Operations, and other senior Air and Space leaders. CASI provides expert research and analysis
supporting decision and policy makers in the Department of Defense and across the U.S.
government. CASI can support the full range of units and organizations across the USAF, USSF,
and the DoD. CASI accomplishes its mission by conducting the following activities:

CASI primarily conducts open-source native-language research supporting its five main topic
areas: air, space, cyber, and missile forces, and related civilian work.

CASI conducts conferences, workshops, roundtables, subject matter expert panels, and senior
leader discussions to further its mission. CASI personnel attend government, academic, and
public events in support of its research and outreach efforts.

CASI publishes research findings and papers, journal articles, monographs, and edited
volumes for both public and government-only distribution as appropriate.

CASI establishes and maintains institutional relationships with PLA and other PRC
organizations and institutions and with partners and allies involved in the region.

CASI maintains the ability to support senior leaders and policy decision makers across the full
spectrum of topics and projects at all levels related to Chinese aerospace.

CASI supports the U.S. Defense Department and the broader China research community by
providing high quality, unclassified research on Chinese aerospace developments in the context
of U.S. strategic imperatives in the Asia-Pacific region. Primarily focused on China’s military air,
space, and missile forces, CASI capitalizes on publicly available native language resources to
gain insights as to how the Chinese speak to and among one another on these topics.
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Summary

Base 37 is the PLA’s base for early warning and space situational awareness, likely now
under the command of the PLA’s new Aerospace Force (PLAASF). Observable elements of Base
37 appear to be engaged in research on a wide array of space situational awareness (SSA) topics,
and units directly reporting to Base 37 operate at least some of the Large-Phased Radar Array
(LPAR) stations previously belonging to the PLA Air Force (PLAAF). Continued tensions
between the PLAAF and the PLAASF on LPAR ownership may produce two networks of LPAR
stations with overlapping roles, but different command structures, and potentially different data
management systems that may complicate the PLA’s SSA capabilities.

In addition, Base 37 is engaged in research related to optical space detection, but there is
little indication as of yet that Base 37 directly operates optical SSA assets. If Base 37 is going to
take over foreign space object tracking, one would assume they would also absorb or build
optical assets. Additional research is needed to determine if: (1) there will soon be a buildout of
new optical facilities for Base 37; (2) Base 37 will rely on other organizations for tracking
geosynchronous Earth orbit (GEO) and other high orbits; (3) the PLA prioritizes military space
preparation in low Earth orbit over GEO. Base 37 units in Qinghai and Yunnan near known
optical facilities are the best places to track.
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Introduction

To demonstrate a workflow that incorporates geospatial intelligence into other data
streams, this paper will conduct a brief study of the People’s Liberation Army’s (PLA) base for
space object tracking and early warning, Base 37. Recent advances in the revisit rate, availability,
and resolution of commercial satellite imagery have allowed researchers operating with open-
sources to study foreign military forces in a level of detail that was previously only available to
state intelligence organizations. Imagery intelligence allows us to not only draw conclusions
about specific capabilities, but also draw conclusions about the operating procedures of the
organizations overseeing the military assets that are the subject of the analysis. These visual
signatures of the operation of military units can not only allow researchers to identify additional
military units based on their infrastructure, but also inform researchers on budgetary and other
organizational bottlenecks and problems the broader military network may be facing. In depth
geospatial study of various military sites, combined with textual data collection using open-
source methods, represents a new way of knowing about military forces that allows researchers
to come to more specific conclusions by integrating multiple data streams.

A Mindset for Geospatial Analysis

Geospatial intelligence studies of military organizations are more than simply an effort to
know where a target or a set of targets are located, or even a study of capabilities. Of course,
centering the locations as your primary data input is necessary for any in-depth geospatial study,
but the geolocation alone tells the analyst little of particular importance about the military forces
themselves. Military order of battle analysis is fundamentally the study of organizations, and
geospatial data should be examined with that in mind. Patterns in the construction of military
bases, the movement of assets, and the interactions between different military units all reveal
certain bureaucratic quirks that help the analyst better understand how the military organization
operates. To fully identify and comprehend these patterns in the data, geospatial analysts should
first ensure that they bring the proper mindset to the study, one that envisions the locations
themselves as nodes of data in a network of sites that shift and move over time. Not only may the
units themselves move geographically, but organizational changes may change the unit’s
relationship with other units in the network. Because of these considerations, the analyst should
conduct their study with a healthy respect for two important aspects of geospatial study — time
and network.

“Time” simply refers to the idea that the analyst should collect and analyze geospatial
data of the set of sites related to the organization being examined over a certain timeframe. When
certain changes occur at a site, it can reveal important information about organizational changes,
but understanding those changes must be rooted in the broader context of the site’s history. To
identify and analyze unusual changes in a site’s infrastructure or operations, one must first
understand what is normal. Without fully contextualizing changes in a site, the analyst may draw
incorrect conclusions or deem certain activity well within a site’s normal operating procedures as
unusual.
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A good example of this problem occurred in December of 2022, after Der Spiegel
reported that satellite images taken of Engels Air Force Base, one of Russia’s largest strategic
bomber bases, showed an uptick of bombers on the tarmac, possibly signaling preparations for a
major attack.! Follow-up analysis that examined bomber activity over a much broader timeline,
however, revealed that there was not much unusual about the number of bombers and the base
was operating well within long-established procedures.? Establishing what normal looks like is
critical for picking apart what activity at a site may constitute a major change from normal.

Analyzing sites over time also helps reveal what specific infrastructure signatures are
related to specific systems. For example, if a PLA Rocket Force (PLARF) base transitions from
an older system to a newer missile system, and during this time period builds new infrastructure
to support that new system, an analyst can conclude that the infrastructure is likely related to
either a change in how the new system operates or a change in the size of the missile brigade
itself. For example, DF-26 brigades commonly replace older missile systems like the DF-21A.
However, DF-26 brigades are three times as large as DF-21A brigades, and supporting this new
size requires new garages, new barracks, and other infrastructure expansions.® Merely seeing this
new expansion can give the analyst a clue that the brigade is likely transitioning systems without
the analyst ever actually seeing a missile.

The second aspect, “networking,” refers to the geospatial analyst understanding that they
must examine sites as nodes within an organizational network. Changes at one site may be
mirrored at another. If there are cases where one site shows construction that others lack, or if
one site lacks construction, that should be noted and an effort made to deduce why the sites
differ, without forcing a conclusion. One military unit acquiring technology or infrastructure
before another may reveal organizational preferences to one type of unit or favoritism.

Alternatively, there could be congestion in the procurement system. A good example of
this phenomenon is how the PLARF has gone about the expansion of their force structure. The
PLARF has almost doubled the number of combat missile brigades in operation over the last
decade, and notably, the way they have expanded reveals a particular bias within the PLARF.*
When a new brigade is stood up, they do not receive a new brigade base — rather, they are given
an older brigade base, while the older brigade that once inhabited that base is moved to a new
base. This hand me down system possibly reveals the importance of pedigree of brigades within
the PLARF’s hierarchy.

The Open-Source Geospatial Toolset

With that mindset established, the analyst can begin working with their tools. This toolset
extends beyond simply utilizing satellite imagery. Analysts will find the most success in
combining satellite imagery with textual and ground truth imagery so that the satellite imagery
may be used to contextualize other important pieces of data.

It is important that the analyst understand the benefits and drawbacks of certain tools in
their toolkit, including the advantages and disadvantages of different types of commercial
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satellite imagery. It is a common, but misplaced belief, that the quality of satellite imagery, in
terms of its resolution, is the primary bottleneck to making conclusions about a target site.
Satellite imagery resolutions are denoted by how many square meters a single pixel of the image
represents. High-resolution imagery is generally 0.5 meters per pixel or lower. Medium-
resolution imagery may be between 2-3 meters in resolution. Low-resolution imagery generally
refers to anything beyond that.

As a general rule of thumb, large amounts of low-resolution imagery are easier to acquire
than high-resolution imagery. This is due to two factors: lower resolution space sensors are
commonly passive, meaning that they are continually scanning the Earth. Low-resolution sensors
also generally have a much bigger area they can image. High-resolution sensors, on the other
hand, generally can only image smaller images in a single shot and are not passive. They must be
tasked to image specific areas. Because of this, a single low-resolution sensor is going to produce
more raw data than a single high-resolution sensor. A set of low-resolution sensors are going to
have a much higher revisit rate (the rate at which the satellite or constellation of satellites can
visit a target over a specific time period) than high-resolution satellites. The analyst will,
therefore, generally have access to more low-resolution imagery data than high-resolution data of
the target. While resolution is important for making some conclusions, it is important to
remember the aspect of time in geospatial study. In order to conclude that specific activities are
unusual, the practitioner must have enough data to conclude what is normal. This, in most cases,
requires relying on low and medium resolution imagery.

A good example of this workflow is Eli Hayes’ analysis of China’s laser development
facility in Bohu, Xinjiang province.® The Bohu facility has multiple lasers housed in buildings
with sliding roofs to cover and uncover the lasers. The movement of these roofs is visible on low
and medium resolution imagery. Hayes collected a database of 1,700 days of imagery over a
seven-year period and tracked how many times the sliding roofs were open, tracking a significant
increase in the number of days the roofs were open beginning in 2020. From this analysis, Hayes
concludes that certain technological breakthroughs may have occurred within the Chinese laser
program.

This being said, the analyst may still run into problems with data availability, especially if
the target has not yet been geolocated. For example, rural areas in China may go years between
being visited by a high-resolution satellite and trying to find smaller targets simply based on their
signature in three meter or worse imagery is difficult and, if done manually, time consuming. For
larger facilities, the analyst can rely on three-meter imagery for the initial geolocation, as | did
when | geolocated the Yumen silo field, one of China’s new solid-fuel intercontinental ballistic
missile facilities.® But for much smaller targets, the site may not be distinguishable on medium
or low-resolution imagery.

When analyzing geospatial data, it is important to be mindful that geospatial study is a
process that is susceptible to confirmation bias. If the analyst goes out looking for missiles, the
analyst is going to find missiles, regardless of whether or not there are any missiles at the site in
question, because everything they look at will appear to them as being missile-related. This is
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why it is critical that the analyst make an effort to rule out certain sites that may have other
functions. United States government geospatial analysts, for example, are not simply taught what
a military site looks like. Instead, they are taught about the appearance of roads, mines, factories,
and many other common civilian features, in order to ensure that false positives are not produced
during geospatial study.” At the same time the analyst should not simply learn to identify these
features so that they can be discarded. Sites providing dedicated military units with non-combat
support or logistics may also tell the analyst important details on the operation of military
organizations. In addition, militaries have a tendency to construct such support facilities in
particular patterns. The PLARF, for example, has a particular standard pattern for their weather
stations, and such stations appear at every dedicated combat missile brigade in the Rocket
Force’s order of battle.

In conjunction with the collection of satellite imagery data, a variety of different data
sources collectable from the internet will invariably be of interest to the analyst. Contract
records, patents, military propaganda, and local government documents all can contain
information when attempting to make sense of military organizations. Analysts may also find it
useful to try using different search engines from different countries as such engines will return
different results. I regularly use Yandex Search, a Russian internet search engine, for tasks
related to Russia, Baidu for tasks related to China, and Naver for tasks related to South Korea. If
the situation allows, the analyst may also be interested in personnel information provided by sites
like Linkedin.

There is no one process for conducting an open-source geospatial study. Each study
should be tailored to the problem the analyst is looking at. If the analyst already has a good
understanding of the geography and layout of the facilities in question, then the analyst can focus
more on textual information to relate to the geospatial data they likely already have. The inverse
is also true. What an analyst should always avoid, however, is collecting geospatial data and
textual data but not making an effort to relate the two. The lynchpin of this process is to find
ways to relate the geospatial and textual data to gain a clearer window in the operations of the
organization. Data collected from one can inform the other, however. Knowing where units
might possibly be located can introduce new keywords or specific methods for searching through
the text and image data, and the text and image data can likewise give the analyst hints on where
to look. Because of this, after initial collection of textual and geospatial data, the research
workflow can occur much more organically as the analyst attempts to relate certain pieces of
geospatial data to textual data.

Base 37

Now that we have established the basic mindset and the process an analyst must have
before embarking on an open-source geospatial project, let’s move on to our case study. China is
rapidly expanding their ability to conduct missions in space and cyberspace. To support this,
organizational changes have been made to the structure of the PLA with the creation of a new
organization of the armed forces. In 2015, China established the People’s Liberation Army
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Strategic Support Force (SSF) as part of a much larger reorganization of the PLA. The SSF was a
theater command-level organization responsible for space, cyberspace, electronic, information,
communications, and psychological warfare missions, including space object tracking, missile
early warning, and the collection and dissemination of intelligence.® The SSF was given control
of many of the units related to these missions from across the branches of the PLA, which may
have resolved several organizational fights previously fought by the branches of the PLA over
responsibility of specific support tasks. For example, responsibility over missile early warning
was previously disputed between the PLARF and the PLA Air Force (PLAAF), but is now
merged under Base 37.°

The operational functions of the SSF were organized into two departments: the Space
Systems Department and the Network System Department.'® The Space Systems Department
was responsible for operations in space, including space mission control, space-based
communications, and space object tracking. The Network Systems Department was responsible
for cyber and some electronic warfare operations. Like the services, the SSF created “bases” that
oversaw multiple units across large territories. In some cases, these bases are analogous to how
the United States armed forces would use the word “corps,” like the Rocket Force bases that
oversee multiple combat missile brigades. In other cases, they are closer to being analogous to
unit organizations with specific tasks, like United States Space Force Deltas.

Recently, evidence has come to light that the SSF had established a new base, Base 37,
responsible for foreign space object tracking and missile early warning.!! This base was situated
under the Space Systems Department. Previously many of these duties were split up between the
Rocket Force (which at the time of the SSF’s creation was called Second Acrtillery), the Air
Force, and various General Armaments Department (GAD) and General Staff Department
organizations. Because of the newness of the base and the fact that it draws units from across the
PLA, discerning which units belong to this new base can be difficult to deduce utilizing solely
textual methods. The addition of open-source imagery gives us the ability to directly compare
and contrast differences and similarities between PLA units that may belong to Base 37.

In April 2024, China announced the disestablishment of the SSF and its replacement with
three independent organizations that oversee the tasks previously overseen by the departments
and organizations within the SSF.12 These new organizations are the Aerospace Force
(PLAASF), the Cyberspace Force (PLACSF), and the Information Support Force (PLAISF).
Given that Base 37 is responsible for space-related tasks, it is very likely that the organization
will be part of the new PLAASF.

Base 37 appears to have been given command of a myriad of different units across China
to deepen expertise in, and data integration of, foreign space object tracking and missile early
warning for the PLA’s joint operations. Base 37 does not appear to have a monopoly on space
tracking, however, and the PLAASF still maintains other bases for other space tracking tasks.
PLAASF Base 26, for example, still provides telemetry, tracking, and control, mission control,
and spacecraft anomaly resolution for the majority of Chinese national satellites, including
military satellites. Base 37 includes units that belonged to a variety of different bases and
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branches, including some from Base 26. This can make tracking their individual units a bit tricky
as their military unit cover designators (MUCDSs), numerical codes given to all military units of
the PLA, are sometimes unchanged from the time those units belonged to different branches.
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Base 37 operates a variety of different systems for tracking space assets. Some number of
Large-Phased Radar Array (LPAR) stations formally belonging to the PLAAF have been
transferred to Base 37. Base 37 also operates some number of optical tracking facilities for
tracking space objects. These assets have slightly different purposes. LPAR radar stations can
track ballistic missiles and other high-flying objects, including satellites in low-Earth orbit
(LEO) from beyond visual range. This makes LPAR stations essential for any missile early
warning system as well as their role in assisting with space situational awareness (SSA). Optical
sensors for tracking space objects like satellites also have unique advantages, as they allow the
user to image and characterize satellites in higher orbits like geosynchronous Earth orbit (GEO).
The size and shape of a satellite reflects its purpose, meaning that a state with advanced optical
capabilities can categorize space objects of interest and likely make some limited conclusions
about their role and capabilities.

For PLA studies, the starting point is usually collecting data that refers to the MUCDs of
the units involved in the organization of interest. CASI has published several of these MUCDs,
and their research notes that the headquarters unit of Base 37 likely has the MUCD 32035, with
various other units under Base 37 extending up through to MUCD 32039.3 In addition to its
headquarters duties, MUCD 32035 appears repeatedly in SSF recruiting material and also
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appears to be in control of several financial aspects of military units reporting to it, as this
MUCD appears in contract documents for military units across the country.* The areas of
interest to us are the areas where we know the PLA operates LPAR and optical ground stations.
There are a variety of strategies for finding data specific to those locations. Because we know the
MUCD:s of the units overseeing this new base, we can combine these MUCDs with the names of
the cities and counties that our sites of interest are in to generate a more specific textual search of
data related to units potentially subordinate to Base 37.

We must note that with Base 37 units involved in the operation of radar and optical
ground stations, the headquarters of units may be far from the actual radars they own. This is not
unusual for China. The PLA has a habit of placing brigade and regiment level military unit
installations in major cities, apparently for improving recruitment and morale.*® This means that
a brigade or regiment may be headquartered hundreds of kilometers from the infrastructure that
the unit actually owns or operates. This problem is compounded by the fact that a city
government in China may be responsible for tens of thousands of square kilometers of territory.
The fact that a military unit appears in propaganda on the website of a local city in China in
some cases does not actually narrow the amount of territory the analyst may need to search
through to find the unit’s infrastructure. Another problem is that many PLA units are responsible
for assets across the country, which makes tracking them down a complicated task that
sometimes requires searching thousands of square kilometers of territory. Lastly, commercial
imagery and textual data linking to the PLA is imperative when identifying SSA and missile
early warning facilities because since 2014, the PRC has approved universities and companies
with private finance to enter the ground station and SSA sectors.

32035 Troop Headquarters, Likely Base 37 Command Unit
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Figure 2: Unit 32035 headquarters
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Focusing on the headquarters of Base 37, the address listed in patent information for Unit
32035 leads us to an address in Litong District, Xi’an City.'® A military administration complex
is in the area, and notably this complex has seen comprehensive expansion and modernization
beginning in 2020. An existing building was renovated with an unusually large number of
rooftop heating, ventilation, and air conditioning (HVAC) units and extensive piping for
refrigerant gases while a new building was constructed on site that also displayed an
anomalously large number of the same sorts of system. This rooftop setup suggests that whatever
is inside of the building requires the regulation of large amounts of heat. It is common to see
similar setups at chemical and radiological laboratories, because such laboratories also have
extensive venting systems. A similar set up to this HVAC system can be found in buildings that
house large amounts of electrical equipment that are expected to be continuously running like a
data center. Given that Unit 32035 is responsible for various SSA tasks, it is likely that the
anomalous number of HVAC features we see in geospatial imagery is due to the construction of a
data center within the buildings for continually processing large amounts of orbital data. This is
an important datapoint as it suggests that the headquarters of Unit 32035 is responsible for much
more than administrative tasks, and, in fact, is actually the location of one of China’s monitoring
centers for orbital activity.

Unit 32035 is still only a single piece of the larger organization, however. Base 37 has
numerous units under its control and those units appear to have stations positioned across China.
Recruiting material for Unit 32035 explains that individuals recruited to the unit may be assigned
to garrisons across the country, in places such as Urumgi, Hangzhou, Shandong, Yunnan,
Qinghai, Hubei, Jiamusi, and Beijing and Chongging Municipalities.?” These locations are
notable because they are near other known deep space and LPAR stations.
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Figure 3: Chinese Space Launch, SSA, Satellite Control Centers, Command and Control,
and Data Reception Stations.*®

The other units with MUCDs falling between 32035 and 32039 have headquarters
scattered across China and may operate stationary data downlink stations or mobile data tracking
equipment. While the city or district that each unit is located in is known, some units have not
been fully characterized with the method used here, due to lack of available satellite imagery. In
addition, it is difficult to say with certainty which units transferred from other branches or
organizations, like the PLAAF or GAD, are overseen by Base 37 due to those units keeping their
old MUCD:s. Only in special cases, like when the headquarters unit of Base 37 directly finances
the facilities of one of these bases and leaves a paper trail, can we say that such units are under
Base 37.

It is possible — but not confirmed at this point — that each of the subordinate units of Base
37 within the MUCD block 32035-32039 are engaged in specific tasks, similar to how USSF
Deltas operate (See Table 1). However, much is still unknown about how the other units
transferred to Base 37 operate within this structure. It is possible that such units directly report to
the headquarters unit of Base 37, or it is possible that the units within block 32035-32039 operate
within their structure similar to how USSF Deltas operate oversee subordinate squadrons, with
each unit within the block overseeing the research and execution of a specific task.
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MUCD Location Notes

32035 Xi’an, Shaanxi Province Base 37 Headquarters Unit. Has
conducted research into a variety of
topics related to space object

tracking.
32036 Nan’an District, Chongging Purpose of the unit is unknown. Has
Municipality*® conducted research into airborne

early warning radar design.?

32037 Yao’an County, Yunnan Province? | Members of this unit publish on
topics related to optical space
tracking topics.?

32038 Nanchuan District, Chongging Head of this unit is described as a
Municipality?® “station chief.” Lack of available
imagery over the district makes
characterization difficult.

32039 As of May 2023, Unit 32039 had | Composed of units managing the
multiple locations in Henan national satellite communications
Province (Sanmenxia, Xuchang, | network.?®
and Jiaozuo cities) and Beijing
(Haidian and Mengtougou
districts). A Base 37 component
called the SSF Base 37 Third
Monitoring and Early Warning
Station is located in Lichuan City,
Hubei Province?*

Table 1: Base 37 units

Base 37’s LPAR Stations

As missile early warning is a key part of Base 37°s mandate, it is possible that at least
some units operating China’s network of LPAR stations will be placed under the command of
this base. China has an expanding network of LPAR stations to provide early warning against
incoming aircraft and missile threats. The locations of many of these radar stations are well
known, as such radar are very large and impossible to hide.?® Knowing their locations alone,
however, does not tell us who operates them, let alone their specific use, and as such we must
discover this using the methods outlined. By utilizing and incorporating geospatial data into our
open-source portfolio, we can identify signatures shared between bases that may hint at the
operators of each unit.

The issue of the LPARs came to my attention after | discovered a contract document in
my initial sweep for documents related to Unit 32035 for the construction of a new base for Unit
95921 in Jinan, Shandong.?’ The contract has precise directions to the plot of land the new base
was to be built on, and satellite imagery confirms that a new military base is being built at the
location. Unit 95921’s MUCD would theoretically place it with the PLAAF, but many units that
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transferred to the SSF have retained their old unit numbers. The fact that this unit, formally
belonging to the PLAAF and located in the middle of a city away from any airfield, suggests that
this unit is responsible for a support function, like electronic intelligence or radar operations.
There are no radar on the unit’s new base, which is not unusual, and the nearest LPAR is 120
kilometers away. As previously explained, it is not unusual in the PLA for a headquarters unit to
be placed a long distance away from the sites the unit operates.

When the researcher encounters an MUCD and it may be unclear what service the unit
belongs to, an easy way to confirm their identity is to see if the unit appears in any pictures made
available by Chinese propaganda sites or local governments. Given that 32035 is paying for Unit
95921’s new headquarters, it is almost certain that Unit 95921 is an ASF unit under Base 37.
Thankfully, this is usually surprisingly easy to do in China. Local governments are eager to show
that they work closely with and support local military units in their area, and there are usually
pictures of the military unit meeting with local government officials or participating in some sort
of charity event available for collection online. In this case, Unit 95921 appears in a recent
photoshoot wearing SSF uniforms, confirming that they have been transferred to the SSF.8

Another piece of critical evidence comes from an article published in the Journal of
Radar and Science Technology (&%= 5 R) titled “Research on Optimal Configuration of
Large Phased-Array Radar Antenna Array Spare Parts” (K 2 AH% P 55 15 R 2k B T A A e A B
B 77) that was coauthored by a member of Unit 95921 in 2017.2° Given that Unit 95921 is a
member of Base 37, is physically located near a radar, and is engaged in the maintenance of
LPAR stations, it is likely that this unit operates or at least uses the data from the LPAR station in
Jinan.

We now know that Base 37 operates at least one of China’s LPAR stations. The question
now is how many of these LPAR stations are under Base 37. Geospatial analysis can assist in
attempting to answer this question. The task is now comparing the LPAR station at Jinan to all
the other LPAR stations in China and collecting data on who may own each radar (See Table 2).
The locations of many of China’s LPAR stations are well known and have been tracked for quite
some time.° China currently operates at least seven large LPAR stations across the country.
China’s experience with such stations stretches back decades. Beginning in the 1970s, China has
operated a fixed LPAR station pointed towards the Soviet Union (now Russia) outside Xuanhua,
Hebei, near Beijing.3! Over the last 30 years, China has expanded the number of LPAR stations
in operation, but this progress happened slowly and was overseen by different organizations.
Before the establishment of the SSF, some of these stations were operated by the Second
Artillery or the PLAAF.

Even after the reorganization of the PLA and establishment of Base 37, it appears not all
LPAR stations are under Base 37. A new LPAR station, built on the coast of China in Sheyang
County, Jiangsu Province, is almost certainly operated by PLAAF Unit 94535. A publication
from the Sheyang Country Veterans Affairs Bureau refers to this unit as the “Air Force Liuduo
Radar Station 94535 Unit 72 Detachment” (2= 4 /N B R 1A, 94535 #BA 72 43-BL), and the
radar unit in question is located only 10 kilometers from Liuduo Township (75 2) in Sheyang
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County.* This radar was constructed in late 2020 through 2021 and appears to have been
operational by early 2022. The radar is pointed in the direction of the Korean Peninsula and is
likely used to track U.S. and South Korean air operations.

Name MUCD Location Notes

Xuanhua, Hebei 40.446830°, 115.116479° First LPAR operated by Second
LPAR Artillery. Current status unclear,
support buildings in state of disrepair.

Korla, Xinjiang LPAR 41.641194°, 86.236749° Second LPAR, likely used to support

missile testing.

LPAR

Jinan, Shandong 95921 36.025000°, 118.091944° Likely Base 37. Extensive
LPAR underground facilities.
Hangzhou, Zhejiang 30.286567°, 119.128608°

LPAR

Pingliang, Gansu 63726% 35.483008°, 106.571892°

LPAR

Jiamusi, Heilongjiang 46.527581°, 130.756423°

LPAR

Sheyang, Jiangsu 94535 34.056541°, 120.357448° PLAAF Unit

Table 2: Known LPAR stations in the PRC

It is notable that the radar sites listed in the table have some overlap with the list of sites
provided in Unit 32035’s recruitment material and the locations of LPAR stations. Hangzhou and
Jiamusi both host LPAR sites, but the connection is not as strong as Jiamusi also hosts a Chinese
Academy of Sciences deep space radar.®* Jiamusi was host to at least one SSF unit, but it is
unknown if this unit operates a part of the facility, like the LPAR, or is a guest at the Chinese
Academy of Sciences facility.®

Taking a closer look at each radar in question, I first looked at each location and noted
when they were constructed and the time of any important changes in the infrastructure of the
location. Even supporting infrastructure that may seem innocuous or of no interest to a
capabilities-based assessment may yield important clues about the operation of the organization.

The level of supporting infrastructure varies at each location, which is not all that
surprising (See Table 3). Locations will require different levels of supporting infrastructure
depending on different factors like difficulty of maintenance and how close they are to a nearby
city. Of note is the fact that some of the sites have been recently renovated in very similar ways.
At several sites, they have built next to or nearby the LPAR what appears to be a garage and a
small gas station. Historical imagery of the sites reveals that the gas station sites were
constructed by first digging a shallow hole in the ground, likely for the installation of gasoline
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tanks. Once this hole is filled and covered with a concrete pad we see several small features at
each site, likely ports for the extraction of gasoline.

An alternative hypothesis that these sites were for either communications or weather
monitoring was also considered, but was discarded as one of the sites is covered by a permanent
fixture and the inability to explain why a communications or weather monitoring station would
require significant ground excavation. The fact that these facilities were constructed at the same
time as a garage increases the confidence that these installations are for gasoline. Not only are
the gas stations of similar construction, so are the garages. At two sites, the garages are both
about 50 meters in length and are of similar design. The fact that these facilities are likely
garages and gasoline stations is notable in its own right, as it suggests that SSF/ASF vehicles are
transiting back and forth from the LPAR stations from long distances away.

Name

Dates of
Construction

Dates of Renovations

Notes

Xuanhua LPAR

1980s

No significant renovations

Decaying state of support building

in 2012.
Operational 2013.

Finished mid-2021.

detected. suggests this facility may not be
operational.
Korla LPAR Under construction | No significant renovations
in 2004. Complete | detected.
by 2009.
Jinan LPAR Under construction | Second LPAR added late 2020.

Hangzhou LPAR

Built sometime
before 2014.

Currently, beginning in 2023, site
is under expansion with the
addition of an additional facility
with at least one large radome
and the addition of a garage and
gas station. LPAR currently
being overhauled.

Pingliang LPAR

Site clearing began

Garage and gas station added fall

Referred to as an “XL-3203" type

late 2016. Site of 2022. Renovation finished radar.%
finished by late early 2023.
2018.
Jiamusi LPAR Built before 2011. | Garage and gas station added late
2020. Renovations finished early
2021.
Sheyang LPAR Site clearing No significant renovations PLAAF Unit
begins early 2020. | detected.
Finished mid-
2022.
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Hangzhou LPAR Station
30.286660°, 119.128437°

Radome Mount

Gas Station and Garage|
Under Construction LPAR Under Renovation|

Figure 4: Hangzhou LPAR station

The gas stations and garages that are of similar design have been added to various LPAR
stations over the past four years. The similarities between their construction and placement
suggest that these facilities are built to a specific standard by a specific organization. It is also
notable which LPARSs have been renovated with these facilities. Xuanhua is possibly mothballed,
and Korla, which may have a dedicated role tracking missile launches, is likely not dedicated to
an early warning mission. Hangzhou and Jianmusi, however, appear to have been built as
dedicated early warning assets. Their position and heading would not make them suitable for
anything else. Pingliang appears to be the outlier, as that system appears to have been originally
built by a GAD unit supporting missile testing. It is curious that we see the garages being built at
LPAR units with different roles, but not built at others. If Jinan had a similar garage, we may
have been able to more safely conclude that the LPAR stations purpose built for early warning
were under the same organization while the LPAR stations built for missile tracking are not.
Despite these problems, we can still say that given the geospatial evidence, it is possible that the
LPAR stations at Hangzhou, Pingliang, and Jiamusi are all under the same organization. If a
future link can conclusively prove that one of these units is under Base 37, we could say with
much higher confidence that the other two are also Base 37 units.

Space Tracking

If Base 37 is going to take over foreign space object tracking, one would assume they
would also absorb or build optical assets. However, at the time of writing, units under Base 37 do
not appear to operate the vast majority of optical assets in China. As previously mentioned,
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optical sensors are advantageous for high orbit SSA as it allows the user to image and
characterize the size and shape of satellites passing above. This gives the user the ability to not
only detect satellites operated by foreign states but deduce the likely mission of specific
satellites. Generally speaking, PLA researchers have access to national assets for research, such
as the Chinese Academy of Sciences (CAS) and the Purple Mountain Observatory, facility in
Yao’an, Yunnan. 38

China Academy of Science Purple Mountain Observatory
25.486758°, 101.170162°

Figure 5: Chinese Academy of Sciences Purple Mountain Obse-r{/atory

Unit 32037 is subordinate to Base 37 and is involved in research on ground-based optical
sensors for SSA. Of particular interest to this unit is researching ways to increase the resolution
of China’s ground based optical assets. In one article, Huang Jian and Wang Gongchang, the
latter a member of Unit 32037, published an article in the Chinese Journal of Lasers on utilizing
laser guide stars to accommaodate for the distortion of light that occurs when light travels from
space through Earth’s atmosphere.®® This atmospheric disturbance greatly degrades the
resolution of ground-based space sensors, but can be counteracted with systems such as laser
guide stars.

This unit is located in Yao’an, Yunnan province, which is also home to optical
installations operated by the CAS’s Purple Mountain Observatory. Originally constructed in
2011, this facility was composed of two optical installations, one encased in a 12-meter diameter
cover and the other inside a 6-meter diameter cover. Dramatic expansion of this facility was
conducted beginning in 2020 when a 20-meter radome was added. In 2022, a third optical cover
was added to the site. More research is needed to determine if the expansion was primarily
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funded by CAS Purple Mountain Observatory, which does world renowned science but also
regularly contracts with the PLA.

Similar to the U.S. Maui Optical Observatory, military and science organizations often
share locations for optical equipment that is heavily reliant on weather and lighting. Even if
tentative, this evidence is unique as it is the only indication of Base 37 having a connection with
an optical facility. In fact, the number of optical assets at other SSF/ASF locations is surprisingly
light, and those that do exist appear to be directly related to tracking domestic space launches
under the launch bases and Base 26.%° Further research cross-referencing SSF/ASF locations
with facilities operated by the CAS may be necessary to further untangle this relationship.

China has a growing number of optical facilities for deep space observation, however,
many of the technologies involved in deep space observation, like laser guide stars, are also
applicable to satellite tracking. For example, China is building a large complex of optical
telescopes in Lenghu, Qinghai Province. Various Chinese state and civilian education institutes
are building observatories at this site, some of whom have partnered with American
universities.** As mentioned above, there is a Base 37 unit in Qinghai, and researchers should
keep an eye out for any of its activity in Lenghu specifically.

Conclusions

This geospatial study conducted on Base 37 and its SSA and early warning radar systems
reveals organizational issues that may affect the efficiency of China’s space object tracking and
early warning capabilities. First, we can say that at least one LPAR station has been transferred
to Base 37 and that at least three other LPAR stations are possibly under the same organization
due to common changes in their support infrastructure. Continued surveillance and data
collection of the locations in question will be necessary to positively confirm the organization
status of these units.

The fact that after many of the LPAR stations were transferred to Base 37 organizations
like the PLAAF continued to construct LPAR stations of their own, may point to continued inter-
service bureaucratic tensions between the PLAAF and the rest of the services. Continued
tensions between the PLAAF and the ASF on this issue may produce two networks of LPAR
stations with overlapping roles, but different command structures and potentially different data
management systems that may complicate the PLA’s space-situational awareness capabilities and
inject confusion into their command-and-control systems. The fact that this may be an issue is
supported by the fact that Base 37 appears to be responsible for data analysis of its LPAR
stations. It is unknown if the PLAAF LPAR station will be integrated into this data management
system.

Further research is required to deduce the precise structure of Base 37. It is possible that
the majority of units report directly to Base 37’s headquarters unit. It is also possible that the
units directly reporting to Base 37are assigned specific subtasks and oversee their own small
network of units that fulfill those subtasks. Further research is also needed to examine if the Base
37 units in Yunnan and Qinghai are the primary operators of any of the optical equipment there.
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Sharing those facilities does not imply that military priorities would prevail, however. China is
also substantially increasing support for space science and space exploration as a way to build its
international influence and domestic innovation capacity.

One major aspect of geospatial study is that major conclusions about force structures can
come from sources that an individual who was simply focusing on the weapon systems may miss
entirely. We can say that it is likely that Unit 32035’s headquarters includes a data center by
examining its HVAC infrastructure and we can say that many of China’s LPAR stations are likely
under the same organization by examining its gas stations. Neither of these conclusions involve
examining radar or offensive military systems. The supporting infrastructure tells its own story,
and in many cases like this allows you to extract certain information that a different study that
only examined weapon systems would not be able to.

This case study was intended to both further explore infrastructure changes at PLA space
tracking and early warning sites and their relationship organizationally to each other and to give
the reader an example of how a geospatial study is conducted and how such a geospatial study
can be integrated with other data sources. In this case, our study of how the PLA organizationally
oversees its LPAR stations has been illuminated by the addition of geospatial data and the
recognition that similarities in infrastructure likely tell us that many of these sites share a
common organization. While we have no hard data confirming this and, in many cases, we still
have not confirmed if many of these radar systems are under the ASF, laying out similarities
between the sites in question can help future analysis. Now that we have examined the
similarities between the LPAR sites, further information confirming the organizational status of
one site may unlock the others.
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