Space-Based Missile Defense

Since the beginning of the space age, space-based systems have been an indispensable part of the nation’s first line of defense. The United States uses space-based systems to gather reconnaissance and surveillance information that is vital to our defense and intelligence activities.  Without control of our space systems, it is fair to say that the United States cannot maintain dominance of the modern battlefield.  

Because of the 1972 ABM Treaty, the role space-based systems could play in a viable ballistic missile defense system was severely limited for 30-years – to providing early warning and gathering tracking information. These constraints have been removed when President Bush withdrew from the ABM Treaty in 2002; and, from a legal perspective, the best space technology and designs now can be used to build effective space-based ballistic missile defenses. However, the legacy of the ABM Treaty continues to restrain actual development of such systems.  So far, only space-based sensors are actually part of the administration’s plans for a global defense of the United States and its overseas troops, allies and friends. However, as discussed below, space-based interceptors would actually be far more effective and less costly that all other ballistic missile concepts.

Sensors – All missile defense system concepts are supported by space-based sensors, which provide attack warning and assessment information. For example, since the 1960s, the Defense Support Program (DSP), a constellation of satellites that detect missile launches, space launches and nuclear detonations, has served as the nation’s primary early-warning capability. These satellites are equipped with infrared sensing technologies developed in the 1960s and early 1970s, but since their deployment, have provided uninterrupted coverage. They detected Iraqi Scud launches during the Gulf War, allowing US forces to evacuate civilians and deploy PAC-2 missiles against the Scuds, saving countless lives. The DSP satellites are operated by the 21st and 50th Space Wings, stationed at Peterson AFB in Colorado and Schriever AFB, also in Colorado.

The Space-Based Infrared System is divided into two components, SBIRS-High and SBIRS-Low. SBIRS-High, intended to replace the DSP satellites, will eventually consist of 4 satellites in geostationary orbit over the earth, along with 2 more in highly elliptical orbits. SBIRS-Low satellites will employ some 20 satellites deployed in low earth orbit to track missiles over their entire flight path from launch to re-entry, and provide reliable identification and classification of threats. The will provide the crucial midcourse tracking component, vital to any missile defense program.  Both programs have been plagued with cost over-runs and delays – and are years behind schedule.

Interceptors – The most cost-effective way to defend against all but short-range ballistic missiles is from space.  This was clearly shown to be the case over 15 years ago, based on $30 billion invested by the Strategic Defense Initiative (SDI) during the administrations of Ronald Reagan and George H.W. Bush.  However, for political rather than technical reasons, that important work was cancelled by the Bill Clinton administration in 1993 and has not yet be revived by the George W. Bush administration.  Click here to see the SDI Historian’s comprehensive account of “The Rise and Fall of Brilliant Pebbles.”  

Except for Ronald Reagan’s personal interest and active support for building truly effective defenses, the SDI would never have developed a serious space system concept.  However, because of his support, numerous architectural studies – buoyed by investments in developing the needed technology – examined the full range of possible system concepts; and the SDI finally concluded that a constellation of autonomous, light-weight, highly maneuverable satellites could compose a very cost-effective space-based interceptor system, called “Brilliant Pebbles.”  

In 1990 after a full gamut of reviews by the scientific community in and out of government, Brilliant Pebbles was the first SDI program to pass the full review of the Pentagon’s Defense Acquisition Board and achieve the status of a Major Defense Acquisition Program (MDAP). Independent cost estimates during this formal review estimate that a full constellation of 1000 Brilliant Pebbles would cost $11 billion in 1989 dollars – for research, development, acquisition and operations for 20 years, including the cost of replacing each satellite once during that period.  
Except for the ABM Treaty and political resistance, this full constellation could have been built in the 1990s and would be far more effective as a global defense than the combination of all the other basing mode systems being developed today (and for less than 5-percent of the subsequent investment).

But that was not to be.  The Clinton administration killed this novel and promising program in early 1993 – Clinton’s Defense Secretary Les Aspin opined that they were “Taking the stars out of Star Wars.” And as of August 2006, the George W. Bush administration has done nothing to revive it or its supporting technology, which could advance the capabilities of other basing modes.  Click here to review Ambassador Cooper’s May 7, 2001, Wall Street Journal article, explaining the potential of reinstating the Brilliant Pebbles program at the outset of the George W. Bush administration.  
It should not be forgotten that all the pertinent technology was space-qualified in 1994.  Clementine, employing scavenged Brilliant Pebbles sensors and software, returned to the Moon for the first time in 25 years; provided over 1.3 million frames of data in 13 spectral bands – more than achieved by the Apollo program and inferring the existence of water (ice) in the polar regions of the Moon; and won for the small team awards from the National Academy of Sciences and NASA. The entire mission cost about $80 million and “lifted-off” in 2 years from its go-ahead as an SDI project intended to space-qualify essential Brilliant Pebbles components. A model now hangs in the Smithsonian next to the Lunar Lander. A later 1994 Astrid mission flew Brilliant Pebbles miniature propulsion components, space-qualifying them.  
Below is an assessment by one of the Brilliant Pebbles contractors (TRW, now part of Northrop Grumman) of technological capabilities at the beginning of the George W. Bush administration. Thus, today’s technology is several generations more advanced that that flown on Clementine,  and could empower even more capable space-based interceptors – which could reach even further into the Earth’s atmosphere to intercept even relatively short-range missiles in their boost phase.  Such a modern version of the 1000 Brilliant Pebbles constellation would be expected to cost about $16 billion in today’s dollars for development, acquisition and 10-years operation, including the cost of replacing each of the 1000 Brilliant Pebbles once.  
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This system could operate autonomously. Its sensors would pick-up the threat rocket as it cleared the clouds after lift-off – independent of DSP or SBIRS-High.  And it would independently track the flight trajectory of the boosting rocket and its payload after burnout – and provide this information to other “shooters” in the layered defense, independent of SBIRS-Low. Thus, Brilliant Pebbles would not only provide a capability to intercept attacking ballistic missiles in all their phases of flight, they would support other layers by providing critical tracking information.
If these cost estimates could be realized, such a space-based defense system would be the most cost-effective layered defense concept yet considered – by far. The associated timelines for this development activity would be approximately five (5) years, as it was for the original Brilliant Pebbles program. Given the intense 1989 reviews performed by the entire technical community, there is good confidence in these cost estimates and timelines, provided the program is managed effectively. 

Because of the failure of traditional organizations in managing the development of space system developments in recent years, High Frontier recommends a streamlined management approach, much like has often been applied to develop innovative defense systems, such as the ICBM and SLBM in the 1950s and 60s and the cruise missile and stealth in the 1970s and 80s.  Perhaps such a streamlined management organization could be formed within the Defense Advanced Research Projects Agency (DARPA).
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An additional basis for expecting that these cost and timeline estimates for developing Brilliant Pebbles can be realized is the fact that the basic elements of its operations concept was also demonstrated in the 1990s – by a failed business venture but highly competent technical team which produced a space communication system still supporting our military forces in remote settings. Iridium involves 66 communications satellites; was built and deployed in ~5-years for ~$5 billion; and is operated by a small ground crew – precisely the operational concept of Brilliant Pebbles. The Pentagon purchased it for pennies on the dollar – perhaps their least expensive space system ever.

Lasers – The Space-Based Laser (SBL) has been kept in the early stages of development, partially due at least in part to under-funding – less than 10% of its originally requested budget. An Integrated Flight Experiment (SBL-IFX) is designed to culminate in a demonstration intercept in space of a boost-phase ballistic missile target. Due to the current funding constraints, this is not scheduled until well into the next decade. The target number of satellites for the SBL in the current plan is 20, operating at a 40-degree inclination to the earth, ensuring maximum threat negation. Estimates of kill times per missile range from 1 to 15 seconds, depending on the range to the target. Retargeting for the SBL has been projected to be as short as half a second, dependent on the angle change required. Estimation of the effectiveness of a 12 satellite constellation against any missile threat from a source other than Russia is 94% in most threat scenarios, so the planned 20 should provide total threat termination, with a potential safety margin. 

