
tj609-04(new) SGS.cls May 27, 2003 14:43

Science and Global Security, 10:21–60, 2002
Copyright C© 2002 Taylor and Francis
0892-9882/02 $12.00 + .00
DOI: 10.1080/08929880290008395

History and the Current Status
of the Russian Early-Warning
System

Pavel Podvig
This article presents an overview of the history of development and the current status
of the Soviet and Russian early-warning system, which was built to provide the Soviet
strategic forces with information about a missile attack in an event of a nuclear con-
flict with the United States. Two main components of this system are considered—the
network of early-warning radars, and the space-based early-warning system, which in-
cludes satellites on highly-elliptical and geosynchronous orbits. The system appears to
be capable of detecting a massive attack, but cannot be relied upon to detect individual
missile launches.

During the Cold War, the Soviet Union and the United States not only cre-
ated massive arsenals of strategic offensive weapons, but also developed and
deployed the infrastructure that would provide their offensive forces with the
support necessary for implementing various deployment and attack options.
One of the most important systems that constituted this infrastructure was
a system that would provide early warning of a ballistic missile attack. The
United States and the Soviet Union were the only states that deployed early
warning systems and gave them prominent roles in their nuclear planning.

The primary mission of an early warning system is to detect a missile at-
tack before the missiles reach their targets. A timely detection of an incoming
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strike would make it possible to determine the scale of an attack and its origin,
estimate potential damage, and choose an appropriate response. An early warn-
ing system is absolutely necessary for implementation of a launch-on-warning
posture, which assumes that a retaliatory strike would be launched before at-
tacking missiles reach their targets.

Creation of an early warning system that would be capable of fulfilling its
mission is a very challenging task. To accomplish its mission, an early warn-
ing system must be able to detect a missile as early as possible and provide
reliable information about the scale of an attack. Since the system can issue a
warning only when an attack is already underway, the time that is available for
detection, assessment of the information, and generating an alert is extremely
limited.

The short times that are available for detecting an attack and making a
decision about an appropriate response call for very tight integration between
early-warning and command and control systems. Given the limited time, the
procedures for information assessment and decision-making have to be almost
automatic. This requires an unprecedented degree of reliability of the early-
warning system, since if it generates a false alarm, there might be little or no
time to recognize, not to mention to correct, an error.

The important role that early warning systems play in nuclear command
and control procedures and the unacceptably high cost of a potential error are
the primary reasons why these systems and the launch-on-warning strategies
they rely on have been receiving so much attention in the recent years. The
status of the Russian early warning system is the cause of the most serious
concerns, since there are many visible signs of deterioration of that system.

The analysis, presented in this article, of the history of the Russian early
warning system and of its current status shows that the system is indeed in
decline. In fact, in many cases the decline is much more serious than it may
appear. As the analysis shows, the prospects for improvements are not very
good, and it is likely that Russia will not be able to reconstitute its early warning
system.

However, it would be premature to conclude that the dangers associated
with the decline of the Russian early-warning capabilities are as grave as its
status may imply, since the history of the development of the system shows
that the role given to the Russian early warning system in nuclear operations
is rather limited.

The main reason for this is that the Soviet Union had never had a complete
early-warning system that would be able to detect all possible missile launches.
The lack of complete coverage was mainly a result of technical difficulties
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that the Soviet Union encountered. But partly it reflected the attitude toward
early-warning that existed in the Soviet Union, which reveals itself in almost
all decisions about the early-warning system made during the Soviet times and
in today’s Russia.

Although the stated goal of the program was to build an early warning
system that would provide comprehensive coverage, the objective at the level
of practical decisions seems to be have been more realistic and therefore more
limited. The major requirement of the early-warning system was that it had to
be able to detect a large-scale attack that could endanger the ability of the Soviet
Union (and now Russia) to launch a retaliatory strike. In practical terms, this
meant that the system was not required to detect isolated launches or to cover
all possible launch areas. In fact, the Soviet/Russian early-warning system has
never had this kind of capability.

Since the system was never able to provide warning against all possible
threats, the recent loss of early-warning capabilities will not necessarily result
in an overall decline of the reliability of the command and control system. Very
much depends on the role that early warning plays in the command and control
procedures and on the ability of the military to change these procedures to
take into account the diminishing quality of early-warning information. Despite
the dramatic loss of capabilities, the early warning system is still capable of
detecting a massive missile attack, which is its primary mission. This means
that the current decline of the early warning system is very unlikely to affect the
command and control procedures in a way that would increase risk of an error or
misunderstanding.

EARLY WARNING SYSTEM DEVELOPMENT

The Soviet Union began the development of systems that would provide early
detection of a ballistic missile attack in the early 1960s. The first two gener-
ations of early-warning radars, deployed in the late 1960s–early 1970s, were
modifications of radars that were developed for space-surveillance and anti-
satellite systems. The primary mission that was most likely assigned to the
early warning system was to support missile defenses rather than provide a
warning required to achieve a launch-on-warning capability.

The concept of an integrated early-warning system that would include
radars as well as satellites and that would be capable of providing the com-
mand and control of the strategic forces with the capability necessary for
implementing a launch-on-warning option, did not apear until about 1972.
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This concept was a result of the effort that the Soviet Union undertook
in the early 1970s in an attempt to streamline all its programs in the
areas of missile defense, antisatellite warfare, space-surveillance, and early-
warning.1

The draft project, prepared in 1972, called for development of an inte-
grated early-warning system that would include above-the-horizon and over-
the-horizon radars, as well as early-warning satellites. The early-warning satel-
lites and over-the-horizon radars were supposed to detect launches of ballistic
missiles during boost phase of their flight, that is, almost immediately after
their launch. The satellites rely on infrared sensors that can directly detect
radiation emitted by the missile plume. An over-the-horizon (OTH) radar, like
all radars, detects reflections of electromagnetic signal that it sends in the di-
rection of a target. OTH radars deployed on the Soviet territory were able to
detect missile launches on the territory of the United States by using reflections
of electromagnetic impulses from Earth’s ionosphere.

The project also called for deployment of a network of early-warning above-
the-horizon radars that were supposed to detect incoming missiles and war-
heads as they approach their targets on the Soviet territory. The radars were
intended to provide an important second layer of early warning sensors, which
were based on physical principles different from those deployed on satel-
lites. Besides, radars could provide more accurate information about trajec-
tory of incoming missiles than satellites, which allows estimates of scale of an
attack.

Another important role that was assigned to the early-warning radars was
space-surveillance. The project called for close integration of all existing and
future radar facilities that would provide the capability to track objects in outer
space and determine parameters of their orbits.

The subsequent development of the early-warning system went largely
according to the plan developed in the 1970s. The Soviet Union deployed all
three components of the system—satellites and radars of both types. Of these
three, the over-the-horizon radars failed to live up to their expectations and
did not play any significant role in early-warning system operations. The satel-
lite and radar deployment programs were more successful and eventually pro-
vided the capability they were designed for. However, as shown later in this
article, both programs experienced considerable delays during their implemen-
tation and suffered serious setbacks at the time of the breakup of the So-
viet Union. As a result, the current system is very far from the comprehen-
sive, integrated, multilayered early-warning system envisaged by the original
plan.
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EARLY WARNING RADARS

History of Development
The Soviet Union began construction of its first early warning radars in 1963–
1964. The first early warning system consisted of two Dnestr-M (Hen House)
radars, built at sites in Olenegorsk, Kola Peninsula, and Skrunda, Latvia, and
a command center near Moscow. The construction was completed in 1968–1969,
and in August 1970 the system was accepted for service.2 The configuration
of the first early warning system strongly suggests that its primary mission
was limited to detecting ballistic missiles launched from U.S. territory or sea-
based missiles launched from the Norwegian Sea and North Sea. It is likely
that the main mission of the radars in Olenegorsk and Skrunda was to provide
the Moscow missile defense system with early warning information.3 Figure 1
shows the coverage that was provided by the first two Dnestr-M radars when
they became operational as well as the coverage provided by the radars of the
Moscow ABM system.

Figure 1: Early warning and missile defense radars in 1972.
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Figure 2: Early warning and missile defense radars deployed by 1979.

In 1967–1968, in parallel with construction of the Olenegorsk-Skrunda sys-
tem, the Soviet Union began deployment of four additional Dnepr early warn-
ing radars. These radars, which were modifications of the Dnestr-type radars,
are known in the West by the same designation—Hen House. Two of these
radars were located at the sites in Balkhash, Kazakhstan, and Mishelevka,
near Irkutsk, which had Dnestr space-surveillance radars deployed there.4 One
radar was built at the Skrunda site, next to the Dnestr-M radar, and one at a
new site in Sevastopol. 5 Tables 1 and 2 list locations and main technical char-
acteristics of all early-warning radars.

The four new radars were intended to increase the coverage provided by
the network of early warning radars to include the North Atlantic, areas in the
Pacific and Indian oceans, and the eastern Mediterranean Sea (see Figure 2).
The radars seem to have been built as part of some system, but there is very
little information about the exact configuration of that system or about how it
was supposed to be integrated into the command and control of nuclear forces.
It is possible that these radars were intended to support operations of missile
defense systems that the Soviet Union considered deploying.6
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By 1972 the industry presented a draft design of an integrated early-
warning system. Since the new system was intended to be fully integrated
with the existing and future Moscow missile defense system, the first step of
the program was to incorporate the radars of the A-35 Moscow missile de-
fense system—Dunay-3 (Dog House) in Kubinka and Dunay-3U (Cat House)
in Chekhov—into the early warning network.7 This work began in 1973 and
continued until 1978.8

In addition to finishing construction of the Dnepr radars that were built at
sites in Balkhash, Mishelevka, Sevastopol, and Skrunda, the program called
for construction of an additional Dnepr radar at a new site in Mukachevo,
Ukraine.9 These Dnepr radars complemented the existing Dnestr-M radars in
Olenegorsk and Skrunda and formed the backbone of the new early warning
system.10 The system was brought into operation in two parts. The first part,
which consisted of radars in Olenegorsk, Skrunda, Balkhash, and Mishelevka,
was commissioned for combat duty on 29 October 1976.11 The second one,
which included radars in Sevastopol and Mukachevo, went operational on 16
January 1979.12 Figure 2 shows radar coverage that was provided by the early
warning radars in 1979.

The next stage of the development of the early warning radar network was
the effort to deploy large phased-array radars of the Daryal (Pechora) type.13

An important feature of the new radar was that its receiving (or transmitting)
station could use the existing Dnepr transmitting (or, correspondingly, receiv-
ing) stations. The first pilot receiver of the Daryal (Pechora) type, also known
as Daugava, was built at the site in Olenegorsk, next to the Dnestr-M (Hen
House) radar deployed there, which apparently worked as the transmitter.14 In
1975, based on the experience of Daugava operations at Olenegorsk, the Soviet
government ordered construction of two Daryal radars at new sites in Pechora
and Gabala, Azerbaijan.15

The Daryal (Pechora) type radars in Pechora and Gabala were intended
to complement the network of Dnestr-M and Dnepr (Hen House) radars that
was still under construction. This network was eventually completed in Jan-
uary 1979, when the radars in Sevastopol and Mukachevo were brought
into operation. Soon after that, in September 1979, the Soviet government
approved a plan for the next stage of development. This plan called for
modernization of the Dnepr radars, completing construction of two Daryal
radars in Pechora and Gabala, and construction of a series of new Daryal-
type radars.16 Two radars of the Daryal-U type were to be built at sites
in Balkhash and Mishelevka. A Daryal-U radar was to be built at a new
site in Yeniseysk, near Krasnoyarsk.17 At a later stage of the program, two
radars of the Daryal-UM type were to be built in Skrunda and Mukachevo.18
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Figure 3: Planned coverage of the Daryal (Pechora) radar network.

Figure 3 shows the coverage that a system of Daryal radars was supposed to
provide.

The program approved in 1979 also called for construction of a number
of Volga radars, which were to provide additional coverage in sectors between
those of the Daryal radars.19 In 1982, construction of the first Volga radar began
at a site in Belarus, near Baranovichi.20 This radar, if completed, would have
provided the Soviet Union with an early-warning capability against launches
of intermediate-range ballistic missiles based in Europe.21

By the mid-1980s, the Soviet Union was carrying out a series of major
projects, which, if completed, would have significantly improved its early warn-
ing capabilities. In 1984 and 1985, five years behind schedule, the new Daryal
radars in Pechora and Gabala went operational.22 New Daryal-U radars were
under construction in Yeniseysk (Krasnoyarsk), Balkhash, and Mishelevka.
Construction of new Daryal-UM radars had begun at sites in Skrunda and
Mukachevo. The Volga radar in Baranovichi would have provided coverage of
Europe.
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These plans, however, never materialized. By the end of the 1980s none
of the projects was completed. In addition, work on the radar in Yeniseysk
(Krasnoyarsk) had to be suspended after the United States challenged its com-
pliance with the ABM Treaty. In 1989, the Soviet Union admitted violation of
the ABM treaty and pledged to demolish the radar.23 In addition to that, the
breakup of the Soviet Union resulted in termination of some of the construc-
tion projects and delayed implementation of others. The most significant losses
were the new Daryal-UM radars at Skrunda in Latvia, and Mukachevo in the
Ukraine. Work in Mukachevo was suspended in 1991 and has never resumed.
The Latvian government, after gaining independence from the Soviet Union,
insisted on demolishing the radar buildings in Skrunda, which was done on 4
May 1995.24 Construction of Daryal-U radars in Mishelevka and Balkhash has
not been completed as well.25

The only addition to the system that took place in the late 1980s was the
Don-2N (Pill Box) radar of the A-135 Moscow missile defense system, located
in Pushkino. This large phased-array radar reached full operational capability
around 1989 and was integrated into the early warning network. Built as a
missile defense battle-management radar, Don-2N can cover all elevation or
azimuth angles. The radar in its early warning role replaced the old Dunay-3
and Dunay-3U radars that were part of the first Moscow ABM system.

Despite the problems with completing construction of the radars, the radar
early warning network that Russia inherited from the Soviet Union was capable
of providing adequate coverage of approaches to Russian territory. The only gap
in the coverage existed in the northeastern direction that was supposed to be
covered by the radar in Yeniseysk (Krasnoyarsk). This gap, however, did not
represent a serious problem, since the only U.S. missiles that could exploit this
gap were C-4 missiles on Trident I submarines patrolling in the Pacific. These
missiles did not have counterforce capability and therefore were a very unlikely
weapon for a first disarming or incapacitating strike. The lack of warning from
the northwest direction, therefore, did not present a serious risk.

A much more serious problem developed in the northwestern direction. Ac-
cording to an agreement that Russia reached with Latvia in 1994, the Dnestr-M
radar in Skrunda, which covered the North Atlantic, ceased operations in
August 1998.26

The radar in Skrunda occupied a unique position, and its loss opened a
gap that was not covered by the adjacent radars in Olenegorsk and Sevastopol.
The gap, to some extent, is covered by the Don-2N missile defense radar lo-
cated near Moscow. However, because of its location inside Russia, the Don-2N
radar provides somewhat shorter warning times.27 Besides, while the radar
in Skrunda was a dedicated early warning radar, Don-2N is supposed to carry
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Figure 4: Early warning and missile defense radars in 2002.

other missions, so it may not be able to provide adequate replacement for the
dismantled radar.

In an attempt to fill the gap opened by the loss of the radar in Skrunda,
Russia renewed its efforts to complete work at the Baranovichi site in Belarus.
Construction of the Volga radar at this site, which was all but suspended in the
beginning of the 1990s, was resumed in March 1999.28 Tests of the new radar
began in December 1999, and it is expected to reach operational capability in
the first half of 2002.29 However, since the Volga radar was never intended
to replace radars in Skrunda, it will not compensate for the loss of the latter
completely. Launches of SLBMs from some areas of the North Atlantic could
still be detected only by the Don-2N radar in Moscow.

The map in the Figure 4 shows the status of the Russian early warning radar
network in 2002. The network includes old Dnepr (Hen House) radars located in
Olenegorsk and Mishelevka (Russia), Balkhash (Kazakhstan), Sevastopol and
Mukachevo (both Ukraine). There are two working Daryal (Pechora) radars—
one in Pechora (Russia) and one in Gabala (Azerbaijan). The Volga radar in
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Baranovichi (Belarus) is undergoing tests and is expected to begin operations
in 2002. The Don-2N radar of the Moscow ABM system also seems to take part
in the early warning network.

EARLY WARNING SATELLITES

According to a plan which was drafted in the beginning of the 1970s, the early
warning system was to include a space-based component in addition to the
network of above-the-horizon and over-the-horizon radars. Satellites were nec-
essary to extend the capabilities of the early warning system, for they were
capable of detecting ballistic missiles almost immediately after launch.

Initially, work on the space-based component of the early warning system
was assigned to the design bureau headed by A. I. Savin. In 1973, this design
bureau was reorganized into the TsNII Kometa (Central Scientific Research
Institute Kometa), which became the primary developer of the space-based
component of the early warning system.30 Development of spacecraft platform
was assigned to the S. A. Lavochkin Design Bureau.

According to the design developed at TsNII Kometa, the space-based early
warning system, known as “Oko” or US-KS, included a constellation of satel-
lites deployed on highly elliptical orbits and a command and control center near
Moscow. The satellites were equipped with infrared and visible-spectrum sen-
sors capable of detecting a burning missile motor against a background of space
(but not against a background of Earth surface). The system began limited op-
erations in 1978 and was placed on combat duty in 1982.31

As the work on the US-KS (Oko) system progressed, the military produced a
set of requirements for a new space-based system, designated US-KMO (in the
West, this system usually referred to, somewhat incorrectly, as Prognoz). This
system was to provide coverage of possible SLBM launch areas in the oceans,
as well as missile launches from U.S. and Chinese territory. In order to do so,
the satellites had to have a so-called look-down capability, which is an ability
to detect missile launches against a background of Earth surface. Development
of the US-KMO system was ordered by a Central Committee and the Council
of Ministers decree of 3 September 1979.32

Work on the new system, however, was delayed by problems with the old
one. The Oko program was plagued by spacecraft malfunctions and software
problems.33 Although the system was able to begin operations in 1982, the
problems continued after that. In 1983 the system almost generated a serious
false alarm, which was later attributed to problems with the software being
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unable to cope with sun reflections properly.34 The satellites continued to suffer
from explosive disintegration until 1984.

Deployment of the US-KMO (Prognoz) system did not begin until February
1991, when the Soviet Union launched its first second-generation satellite. The
satellite reportedly had genuine look-down capability, which means it could de-
tect missiles against the background of the Earth surface. However, the breakup
of the Soviet Union slowed development of the system. Although it was reported
that in 1996 the military accepted for service the first tier of the US-KMO
system,35 in 2002 it still remains an essentially experimental program.

FIRST-GENERATION SATELLITES

Spacecraft and Ground Support Systems
A first-generation (Oko) spacecraft consists of three main compartments: an en-
gine block, instrumentation, and an optical compartment. All the systems are
mounted on a cylindrical frame that is 2 m long and has diameter of 1.7 m.36

The total mass of a satellite at launch is estimated to be 2400 kg, of which
1250 kg is dry mass (i.e. without the fuel).37 The engine compartment of an
Oko satellite includes fuel and oxidizer tanks, four orbit correction liquid-fuel
engines, and 16 orientation and stabilization liquid-fuel engines.38 The stabi-
lization engines provide active 3-axis attitude control, necessary for telescope
orientation.39

The telescope system of a first-generation satellite includes a telescope with
a mirror of about 50 cm diameter.40 The detection system includes a linear or
matrix infrared-band solid-state sensor that detects radiation from missiles.41

In addition to this, the satellite has several smaller telescopes that most likely
provide a wide-angle view of the Earth in infrared and visible parts of spectrum,
which is used by operators of the system as an auxiliary observation channel.42

The satellite transmits images formed by its telescopes directly to the
ground control station in real time. The control station facility Serpukhov-15 is
located near a village of Kurilovo in the Kaluga region, about 70 km southwest
of Moscow. The facility includes antennas that are used for communication
with the satellites and the data storage and processing facility.43 The center
was built as a dedicated facility, the only mission of which was to control the
early warning satellites.

Launches of early-warning satellites into highly elliptical orbits are
performed by Molniya-M launchers from the Plesetsk launch site in northern
Russia. To support the launches, the space forces built a dedicated technical
facility at the site and upgraded one of the Molniya launching pads.44 Launches
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were performed by space forces crews, but immediately after launch, control
over the satellite was transferred to the control station of the Air Defense
Forces.45

In the beginning of the program, there were serious problems with reliabil-
ity of the satellites. Of the first 13 satellites, launched in 1972–1979, only seven
worked more than 100 days. The satellites were equipped with a self-destruct
package that was activated if the satellite lost communication with ground con-
trol. Until these packages were removed in 1983, 11 out of 31 satellites were
destroyed that way.46

As of January 2002, there have been 86 launches of first-generation satel-
lites, 79 of which were launched into highly elliptical orbits. The other seven
first-generation satellites were launched into geosynchronous orbit by the Pro-
ton launchers. These seven launches, which were conducted from the Baykonur
launch site, were all successful.47

Of the 79 launches of early warning satellites into highly elliptical orbit,
three were failures.48 The other 76 satellites could be divided into three groups,
according to their lifetimes. The first group consists of satellites that worked
less than one year. This is significantly less than the average lifetime of early
warning satellites and indicates that these satellites ended their operation be-
cause of a catastrophic failure.49This group consists of 21 satellites and includes
satellites that were launched during the early days of the program as well as
relatively recent ones.

The second group comprises working satellites that were launched before
1985. These satellites worked 20 months on average. The third group consists
of satellites that were launched after 1985. The lifetime of these satellites was
almost twice as long as that of the satellites in the second group, 40 months
on average.

The analysis of the lifetime data strongly indicates that in the mid-80s the
designers carried out an upgrade that almost doubled satellite life span. It is
likely that the measures that extended the operational life of satellites were
incorporated into the program that led to deployment of the first-generation
satellites on geosynchronous orbits. The first launch of an operational early
warning satellite into geosynchronous orbit was carried out in 1984. Since the
cost of these launches was substantially higher than that of the highly-elliptical
orbit (HEO) launches, the program required a longer-life satellite.

Observation Geometry
The choice of observation geometry and of highly elliptical orbits has usually
been attributed to the lack of proper infrared sensors and data processing
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capabilities that are required for obtaining a look-down capability.50 According
to this logic, in the absence of suitable sensors, the Soviet Union had to rely on a
grazing-angle observation geometry, which allowed the use of less sophisticated
sensors than those used by the United States.

While the lack of sensors certainly was one of the factors in the choice of
the configuration for the first-generation US-KS (Oko) system, other factors
seem to have played an equally important role. First of all, the system was
apparently not required to provide complete coverage of the Earth surface.
Instead, the system was expected to provide much more limited capability of
detecting ICBM launches from U.S. territory. Launches of sea-based missiles
were deliberately left outside of the system’s scope, since they alone did not
pose a serious threat to the Soviet strategic forces. The SLBM threat was not
considered significant enough to warrant the efforts required to provide reliable
detection of sea-based missile launches.

Then, practical considerations precluded the choice of geostationary satel-
lites. First, a geostationary satellite that would be able to monitor U.S. territory
would be out of sight of any ground control station located on the Soviet terri-
tory. Unlike the United States, the Soviet Union either was unable to deploy
ground relay stations on the territories of its allies or was unwilling to do so
(or both). Finally, despite the fact that an HEO constellation required more
satellites than a geostationary earth-orbit (GEO) one, GEO satellites would
have been less cost-effective, since early Soviet early-warning satellites had
very short nominal lifetimes (about two years on average). Launching short-
lived satellites in geosynchronous orbit would have been more expensive than
placing them onto HEO orbits.

The system is configured in such a way that satellites are placed into an or-
bit that had an inclination of about 63 degrees, with apogee of about 39,700 km
and a perigee of about 600 km. A satellite in this orbit has an orbital period of
approximately 718 minutes, and makes exactly two revolutions a day.51

Figure 5 shows the change of the elevation angle at which a satellite is
seen from a burnout point of a Minuteman missile trajectory (launched from
the continental U.S.). The satellite can see the missile exhaust plume against
the background of space if this angle is less than about 12 degrees. As can
be seen from the figure, this means that a satellite is in a position to detect a
missile launch for about six hours every day.52

Station-Keeping
The ability of a satellite to maintain favorable observation geometry depends on
synchronization between its orbital movement and the rotation of the Earth.
To keep its orbit within operational limits, a satellite must perform regular
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Figure 5: Elevation angle at which a satellite in a highly-elliptical orbit is seen from U.S.
ICBM bases when it passes the working apogee of the orbit. The satellite can detect a
missile against a background of space if the elevation angle is less than about 12 degrees.

station-keeping maneuvers. The HEO early warning satellites use station-
keeping procedures that cleverly take advantage of the unique character of
perturbations that affect their orbits. For highly elliptical orbits of the kind
used by the early warning satellites, the main cause of the drift is perturba-
tions caused by nonspherical shape of the Earth.53 If uncompensated, these
would cause the satellite’s groundtrack (measured as a drift of the longitude
of the ascending node of the orbit)54 to drift westward at a rate of about 0.13
degrees/day. However, early warning satellites are placed into orbits on which
they initially have an orbital period of about 717.5 minutes, which is slightly
less than 718 minutes required for the satellite to make exactly two revolutions
a day (which would keep the groundtrack constant). This difference results in
an eastward drift of the ascending node of the groundtrack at a rate of about
0.25 degrees a day. These two trends combined result in eastward drift with a
rate of about 0.12 degrees a day.

The subsequent character of the orbit’s evolution is determined by other
perturbations, which result in a slow decrease of the orbital period of the satel-
lite at a rate of about 0.008 minutes a day. The decreasing orbital period slows
the eastward drift. When the period reaches 717.75 minutes, the drift reverses
its direction. Westward drift quickly accelerates and the ascending node of the
orbit soon reaches the longitude from which the cycle started. At this point
the satellite performs a maneuver, which decreases its orbital period back to
717.5 minutes. The whole cycle takes from 70 to 90 days, during which the
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Figure 6: Evolution of mean motion (number of revolutions a day) of Cosmos-2312. To
keep parameters of the orbit within operational limits, the satellite regularly performed
station-keeping maneuvers. The maneuvers stopped in December 1997, indicating end of
operations of the satellite.

longitude of the ascending node of the satellite’s orbit stays within a band of
about 3–4 degrees.

If a satellite stops performing maneuvers, its orbit drifts off the working
station after several months, and the satellite loses the ability to detect missile
launches from U.S. territory. This means that by looking at the changes in the
orbital period of a satellite, one can reliably determine its operational status.
Figure 6 shows how the orbital period of one of the early warning satellites
(Cosmos-2312) was changing during its lifetime. As can be seen from the figure,
the satellite ceased operations in December 1997.

The Constellation
Since one satellite can be in a position that allows it to detect missile launches
only for about six hours a day, providing 24-hour coverage of the U.S. ICBM
bases requires at least four working satellites. The system, however, was de-
signed to include up to nine satellites simultaneously. Satellites in the constella-
tion were placed into one of nine orbital planes, which were separated by about
40 degrees from each other. Figure 7 shows the configuration of orbital planes
that existed in January 1995.

One reason the system was designed to include satellites in nine separate
orbital planes was to increase its reliability and to make sure that a loss of
one satellite would not create a gap in the coverage. A more important reason,
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Figure 7: Orientation of orbital planes and relative positions of satellites as existed in
January 1995 (view from north).

however, was that the chosen configuration made it possible for several satel-
lites to observe the same area simultaneously. The advantage of this simula-
taneous observation is that it reduces the chances that all the satellites that
are in a position to detect a launch could be simultaneously blinded by direct
sunlight or reflections off clouds.

The system was designed in such a way that at any given moment there is
more than one satellite that can detect a launch. The Figure 8 shows coverage
periods provided by individual satellites. As can be seen from the figure, in a full
constellation, coverage periods overlap to provide the necessary redundancy. It
should be noted that the system does not have to switch between different ICBM
bases, since they are all covered simultaneously.

Beginning in 1984, the constellation of HEO early warning satellites was
complemented by satellites in geosynchronous orbit. Satellites that were placed
into geosynchronous orbit were the same first-generation satellites that were
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Figure 8: Coverage provided by the constellation of early-warning satellites on
highly-elliptical orbits during 25 January 1995. The triangle shows the time of launch of a
sounding rocket from the Andoya missile range in Norway, which was detected by the
Russian early-warning system.

deployed in highly elliptical orbits. A satellite placed into the point with lon-
gitude of 24 degrees in geosynchronous orbit would see missile launches from
U.S. territory at exactly the same angle as an HEO satellite during the working
part of its orbit. In addition, a geosynchronous satellite has the advantage of
not changing its position relative to the Earth, so one satellite can provide con-
tinuous backup of the HEO constellation.55 Figure 9 shows how the number of
HEO and GEO satellites in the constellation changed over time.

The introduction of geostationary satellites made the system considerably
more robust, for it became much more tolerant to a loss of HEO satellites. As
was already discussed, without the GEO satellite the system cannot provide
continuous coverage of the U.S. territory with fewer than four satellites. With
a GEO satellite present, the system could still detect launches even if there are
no HEO satellites deployed. The quality of coverage may suffer and detection
may not be reliable enough, but the system would not be completely blind.

History of Deployment
Table 3 lists all early-warning satellites that were launched by the Soviet
Union and Russia. The first satellite that was placed into the highly ellipti-
cal orbit characteristic of early-warning satellites was Cosmos-520, launched
on 19 September 1972. The exact nature of its mission is unclear, since there
are not enough data to see if the satellite performed any maneuvers or orbit
corrections, but it was reported to be a success.56

In the following three years, there were four more launches on highly-
elliptical orbits, all of which seem to have been experimental.57 In addition
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to this, the Soviet Union conducted an experimental launch of one of the early
warning satellites, Cosmos-775, into a geostationary orbit.58

Beginning in 1977, the Soviet Union undertook a series of launches that
seemed to be an effort to built a working prototype of the early warning sys-
tem. In contrast with previous launches, which sometimes placed satellites into
nonstandard orbits, in the series that began in 1977, satellites were placed into
orbits that would allow them to work together. The resulting constellation was
still experimental, for the satellites were deployed in orbits in such a way that
their groundtracks were shifted about 30 degrees westward from the position
that would later become nominal. The satellites in those orbits could not detect
launches from operational ICBM bases. Most likely they were observing test
launches of U.S. missiles from the Vandenberg Air Force base, since they would
be able to see them under observation conditions that were very similar to the
nominal ones.

Judging by the history of deployment, the prototype system was to include
four satellites that would provide the minimum capability, ensuring that at
least one satellite was in a position to detect a launch at any given moment.
However, because of the series of malfunctions and failures, it was not until
1980 that the number of working satellites reached four.

Despite the fact that the system experienced serious problems and the num-
ber of satellites would not exceed two for most of the time, in 1978 the Soviet
military accepted the space-based early warning system for limited combat
service.59 In reality, however, until 1981 the system was deployed in experi-
mental configuration, with groundtracks shifted westward.

In the beginning of 1981 the Soviet Union began building an operational
constellation capable of detecting launches from U.S. ICBM bases. In order to
do so, in February–March 1981 the four satellites that were in orbits at that
time performed maneuvers that synchronized their orbital motion in a way that
would allow the satellites to observe launches from ICBM bases. Groundtracks
of their orbits were moved about 34 degrees eastward and reached a position
in which the longitude of the ascending node of the orbit was about 55 degrees
west. In addition to this, new launches began filling the slots that had not
been previously occupied.60 In February 1981 the number of working satellites
reached five for the first time.61

The next milestone was achieved in 1982, when after a series of launches
in March–June, the number of satellites in the constellation reached seven.62

This meant that the system was capable of monitoring U.S. ICBM launch areas
continuously, and for most of the day, these areas were monitored by more than
one satellite. The system therefore reached operational capability and, in 1982,
was formally accepted for service and began combat operations.63
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In 1984 the Soviet Union began the program of deploying early warning
satellites in geosynchronous orbit. As discussed above, at that point, these were
the same first-generation satellites that were deployed in highly-elliptical or-
bits and that were limited to the grazing-angle observation geometry. Never-
theless, the deployment of these satellites in geosynchronous orbit must have
significantly increased the overall reliability of the system.

The first operational early-warning satellite in the geosynchronous orbit
was Cosmos-1546. In May 1984 it reached the point with a longitude of 24
degrees west (this point is known as Prognoz-1), from which it was able to de-
tect launches of U.S. ICBMs. Since that time, at least one satellite has been de-
ployed at the Prognoz-1 geostationary point almost all the time, providing sup-
port for the HEO constellation.64

For several years, the military managed to keep seven or more working
satellites in the HEO constellation by replacing satellites regularly. It was not
until June 1987, however, that the number of working satellites in HEO orbits
reached the maximum—nine.65 In December that year, the system reached
its maximum strength—nine HEO satellites complemented by a geostationary
satellite.66

The system worked in full configuration, with eight or nine satellites in
HEO orbits and one geostationary satellite, until 1996. In November 1996, the
geostationary satellite that was providing support to the HEO constellation, did
not perform a regular station-keeping maneuver.67 This marked the beginning
of a decline in the capabilities of the space-based early warning system that
Russia is currently struggling to keep under control. By the end of 1996 the
system lost one of its HEO satellites as well.

In 1997 Russia launched two HEO and one GEO satellite in an attempt
to replenish the deteriorating system. These launches helped to maintain the
system for a while at a level of six HEO satellites, but three of them soon ceased
operations. As a result, in March 1998 the system included only three HEO
satellites in addition to a geostationary one. The HEO constellation was not
able to detect missile launches for a significant portion of a day.68 Although the
GEO satellite prevented a complete loss of detection capability, the reliability
of the system must have significantly degraded.

In another setback, the only geostationary satellite that was providing sup-
port to the weakened HEO constellation, Cosmos-2245, stopped operations in
March 1999. As a result, the reliability of the space-based early-warning sys-
tem suffered dramatically. The gap in coverage, during which no satellite was
in a position to detect U.S. launches, reached almost five hours a day. For the
rest of the day, an ICBM launch could be detected by only one satellite, which
was most likely insufficient for reliable detection.
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The situation changed only when Cosmos-2368, launched on 27 December
1999, closed the gap in the HEO coverage. The constellation of four satellites
created after the launch was able to provide continuous coverage of the U.S.
territory. However, since the HEO constellation did not have support of a geo-
stationary satellite and at no time more than one satellite was in a position to
observe launches, the quality of that coverage was probably rather poor.

The constellation of four HEO satellites continued to work with no visible at-
tempts to amend it until 10 May 2001, when a fire at the ground control station
damaged the system almost beyond repair. The fire destroyed one of the build-
ings and cables at the Serpukhov-15 control station, which led to a loss of com-
munication with all four satellites in orbit.69 A few days later the Military Space
Forces announced that control over the satellites was restored with the help of
other stations.70 However, all four satellites stopped maneuvering and started
drifting off stations, indicating that the control was not fully reestablished.

The control station was able to resume operations only on 20 August 2001.71

About a month later, on 14 September 2001, one of the HEO satellites, Cosmos-
2368, began a series of maneuvers that seem to have the goal of placing it
back to an operational orbit. Three other satellites, Cosmos-2340, Cosmos-2342,
and Cosmos-2351, remain inoperational (although Cosmos-2342 performed a
maneuver in October 2001). These satellites are very unlikely to recover, since
they have drifted too far off their stations.

In another important development, a new geostationary early warning
satellite, Cosmos-2379, was launched on 24 August 2001. The satellite was
initially placed into the point at 80 degrees east (point known as Prognoz-4),
but was then transferred into the Prognoz-1 point at 24 degrees west, from
which it can provide support to the HEO satellites.72 On 1 April 2002, after the
launch of Cosmos-2388, the number of HEO satellites reached two.

As a result, in the beginning of 2002, the constellation of early warn-
ing satellites in highly elliptical orbits included only two operational first-
generation satellites, which were unable to provide uninterrupted coverage
of ICBM launches from the territory of the United States. As for launches of
sea-based missiles or any launches from outside U.S. ICBM bases, the constel-
lation of first-generation satellites, whether complete or not, was not able (or
indeed intended) to detect them. That mission was assigned to satellites of the
second-generation system.

Second-Generation Satellites
Early warning satellites of the second generation were developed as part of
the US-KMO (Prognoz) system, which was supposed to complement and then
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replace the US-KS (Oko) space-based early warning system. Development of the
US-KMO system began in 1979.73 In contrast to the first-generation system,
which was designed to detect only launches of ICBMs from bases in U.S. terri-
tory, the US-KMO system was designed to provide coverage of SLBM launches
from the oceans as well.

The most important distinguishing feature of the second-generation satel-
lites was their look-down capability.74 These satellites were to be deployed
in geosynchronous orbits, from which they could provide coverage of most of
the oceans. It is likely that these satellites were supposed to replace the US-KS
(Oko) first-generation satellites in HEO orbits as well. Deployed in highly ellip-
tical orbits, second-generation satellites could provide coverage of polar regions
in addition to the coverage of U.S. territory and the oceans.75

Details of the US-KMO (Prognoz) system architecture are unknown, but
it seems that the system in its full configuration would include up to seven
satellites in geosynchronous orbits and about four satellites in highly elliptical
orbits. All satellites are supposed to have the capability of detecting launches of
ballistic missiles against the background of the Earth surface and cloud cover.

In 1981, when the Soviet Union began to work on the US-KMO (Prognoz)
system, it registered seven positions for geostationary satellites (and frequen-
cies for their transmitters) with the International Telecommunication Union
(ITU). Table 4 lists these points, which are commonly known as Prognoz, and
dates of their registration and beginning of operations. The initial application
submitted to ITU stated that operations in points Prognoz-1–Prognoz-4 would
begin in 1982. Satellites in Prognoz-5–Prognoz-7 points were not expected to
begin operations until 1990.

The difference in the dates of beginning of operations reflected the structure
of the planned system. Satellites in points 1 to 4 were intended to provide cov-
erage of the U.S. territory, the Atlantic Ocean, Europe, and probably China.
These satellites could use the already existing control and communication

Table 4: Prognoz points on geostationary orbit.

Declared start Actual start
Geostationary point Longitude of operations of operations

Prognoz-1 24 West 1 June 1984 1 June 1984
Prognoz-2 12 East 20 January 1985 27 January 1992
Prognoz-3 35 East 10 April 1985 23 May 1985
Prognoz-4 80 East 30 January 1985 13 March 1985
Prognoz-5 130 East 1 July 1990 —
Prognoz-6 166 East 1 July 1990 —
Prognoz-7 159 West 1 July 1990 —
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facilities in Serpukhov-15. Satellites in points 5 to 7, which would provide
coverage of the Pacific Ocean, would not be able to communicate with the
control station in the Moscow area. Deployment of satellites in these points
therefore requires construction of a new control station in the Far East. Un-
til this station was built no satellites could be placed in points Prognoz-5–
Prognoz-7. For a number of reasons, construction of the eastern control cen-
ter was not given a high priority. It was reported to be completed in 1998,76

but to this day no satellites have been deployed in the eastern Prognoz
points.

It is difficult to determine whether a specific satellite in a geosynchronous
orbit is a first-generation US-KS (Oko) or a second-generation US-KMO (Prog-
noz) satellite. It is believed that the first second-generation satellite was
Cosmos-2133, launched on 14 February 1991.77 Other satellites that are
considered to be second-generation early warning satellites are Cosmos-2209
(10 September 1992), Cosmos-2224 (17 December 1992), Cosmos-2282 (6 July
1994), Cosmos-2350 (25 April 1998), and Cosmos-2379 (24 August 2001).

The number of satellites that are believed to be second-generation early
warning satellites is too low to draw any conclusions about their oper-
ational lives. The longest-living second-generation satellite, Cosmos-2224,
was operational for 77 months, setting a longevity record for all early-
warning satellites.78 Cosmos-2133 worked for 56 months and Cosmos-2209
for 50 months, which probably means that their operations were successful.
Cosmos-2282 ceased operations after 17 months, most likely because of a mal-
function. Cosmos-2350 ceased all maneuvers after only two months of work,
which also indicates a failure. Cosmos-2379, launched in August 2001, contin-
ues to work.

The history of deployment of the US-KMO satellites suggests that the
program is still in the development phase. It was reported that in 1996 “the
first echelon of the system of detection of sea-based missiles” was accepted
for service.79 At that time, there were two operational second-generation
satellites: Cosmos-2209 at the Prognoz-1 point and Cosmos-2224 in the
Prognoz-2 point. These satellites, indeed, were capable of detecting SLBM
launches in the Atlantic Ocean. However, Cosmos-2209 stopped operations in
November 1996 and Cosmos-2224 in June 1999. Since neither of the satel-
lites has been replaced, the coverage of the Atlantic that they provided was
lost.

The only second-generation satellite that was operational in the beginning
of 2002, Cosmos-2379, was placed into the Prognoz-1 point. Located at this
point, the satellite can support the first-generation satellites in highly elliptical
orbits and provide limited coverage of the Atlantic Ocean.
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CURRENT STATUS OF THE EARLY-WARNING SYSTEM

In 2001 the Russian early warning system probably reached its nadir. The loss of
the radar in Skrunda opened a serious gap in the coverage provided by the radar
network. The gap was supposed to be closed by the radar in Baranovichi, but
the beginning of its operation continues to be postponed. Besides, the Russian
military admitted that in any event the radar will not be able to operate at full
capacity.

The program of deployment of Daryal (Pechora) radars has effectively
ground to a halt. Construction of the radar in Mukachevo is very unlikely to be
resumed; the prospects for completing the radars in Balkhash and Mishelevka
remain dim. In addition to this, legal problems have long complicated operation
of the Daryal (Pechora) radar in Gabala, Azerbaijan.80 Similar problems could
potentially affect the status of the radars in Balkhash, Kazakhstan.

The Dnepr (Hen House) and Dnestr-M (Hen House) radars, which pro-
vide the largest share of the early warning radar coverage, are about 25 years
old and will soon reach the end of their operational lives. A loss of these
radars would leave Russia without early warning coverage in very important
directions.

The space-based early warning system suffered a severe setback in May
2001, when a fire destroyed the ground control station and resulted in a loss of
communication with those few satellites that Russia was able to keep in orbit.
Although Russia eventually recovered one of the four satellites and managed to
launch new ones to support the existing satellites, the system cannot provide
reliable detection of missile launches.81 Given the rate at which Russia was
able to launch early-warning satellites in recent years, it may take two or three
years to bring the system back to operation.

The problems experienced by the Russian early warning system stem from
a combination of factors. The problems caused by the breakup of the Soviet
Union were exacerbated by the chronic underfinancing of the military during
most of the 1990s. Another important factor was the mismanagement of the
system, in particular during 1997–1999, when all early-warning units were
subordinated to the Strategic Rocket Forces.82

The reorganization of 2001, which placed all early-warning facilities under
command of the Military Space Forces, may lead to a recovery of the early
warning system. However, the extent to which this would be technically possible
is unclear. To provide complete radar coverage, Russia would have to finish
construction of Daryal (Pechora) radars and deploy a series of new radars that
would replace the aging Dnepr (Hen House) radars in Ukraine and fill the
gap created by the loss of the radars in Skrunda and Yeniseysk (Krasnoyarsk).
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Eventually, Russia would have to build radars that would replace the existing
ones in Azerbaijan and Kazakhstan. Implementation of this program would
require a massive effort that Russia is unlikely to be able to afford.

The situation with the space-based system is somewhat better. The US-
KMO (Prognoz) system, which has the capability to provide coverage of most of
the areas from which ballistic missiles can be launched, seems to have reached
initial operational capability. At the same time, operation of the system would
require deployment and maintenance of a constellation of about 10 satellites,
which may also be outside of Russia’s capabilities.

Overall, the Russian early-warning system seems to have reached the point
at which it has virtually lost its importance as an integral component of the
command and control system of nuclear forces. The quality of information about
missile launches that the system can provide and its reliability seem to be so
low that it is highly unlikely that this information will ever be used as a basis for
a decision to initiate a launch-on-warning strike. The only marginal capability
the system seems to provide is detection of a massive missile attack.

It is important to underscore that the Russian military must be very well
aware of the current limitations of the system, which has been in decline for a
number of years, and must have downgraded the role it plays in the command
and control system. This means that the probability that an error that may re-
sult from the inadequate performance of the early warning system would result
in an irreversible decision (such as missile launch) is virtualy nil. Moreover, it
is unlikely that Russia will ever be able to restore the capabilities of its early
warning system to the point at which it could be relied upon for decisions of
this kind and at which it could allow implementation of a launch-on-warning
posture of its strategic forces.

The real question, however, is not whether Russia can afford rebuilding and
maintaining its early-warning system. The most serious questions are why Rus-
sia needs to build one and what role the early-warning system should play in the
Russian military doctrine. So far, there has been little public debate in Russia
on these questions. However, changes in the U.S.-Russian relationship, espe-
cially if they result in substantial reductions of strategic nuclear arsenals, will
inevitably raise questions about utility of the early-warning system. It is very
likely that this would result in serious changes in the current early-warning
development programs and, quite possibly, termination of most of them.
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