Phases
A comprehensive, layered ballistic missile defense system must counter attacking ballistic missiles in all their phases of flight – from boost-phase through the midcourse phase and into the terminal phase, as indicated below. Each of these phases – boost, midcourse, and terminal – furnishes intercept opportunities. But defenses in each also have inherent limitations that must be taken into account in the design of a viable missile defense architecture.

Boost Phase - Just after launch, the boosting attacking missile is especially vulnerable as it rises from its launcher. The missile is relatively slow moving, not yet having achieved full acceleration, and it emits bright exhaust gases relatively easy for sensors to detect and track. Interception during the boost phase has the advantage of destroying the missile before it disperses its payload, which may consist of more than one warhead and/or countermeasures in the form of decoys. Intercepting a missile in boost phase has the additional advantage that the debris, including warheads, may, depending on how early interdiction occurs, fall on the country launching the missile – a reality that could have a substantial deterrent effect, if the launching state is faced with the likelihood of rendering serious damage to its own territory.

Boost phase, however, is relatively short in duration. For medium- and short-range missiles, the boost phase lasts at most only a couple of minutes, while for a missile of intercontinental range it may be as long as three to five minutes. (Whether a missile is solid or liquid fueled also impacts the duration of the boost phase: solid fuel missiles have greater propulsion – and thus fly faster – than liquid-fueled missiles and have a shorter boost phase.)  Thus, the time for boost-phase interception is correspondingly limited. 
Space-based defenses have an advantage in that they are ever within striking distance. Terrestrially based defenses must be nearby, creating operational and political challenges. Sea-based defenses has an advantage in that they operate in international waters, but some locations are not sufficiently close to permit boost-phase intercept opportunities.
Midcourse Phase - The midcourse phase provides a longer timeframe for interception of the missile or its payload. This phase may account for as much as eighty percent of the rocket’s total flight time – some 20- minutes for the longest-range missiles – therefore offering multiple intercept opportunities. All basing modes can be midcourse defenses.
Midcourse interception, however, may require that the missile defense system distinguish between warheads and decoys, the latter being released in order to confuse sensors and waste interceptors against a false target. As the warheads and decoys reenter the earth’s atmosphere, the decoys slow down considerably because they are likely to be lighter than warheads. Under these conditions, warheads may be distinguished more easily, although they may be more difficult to destroy if they have the capability to maneuver like high-speed aircraft.

Terminal Phase – The terminal phase provides missile defense systems with last-shot opportunities. During this phase, the target array reenters the earth’s atmosphere at an altitude of about 100 km, creating a bright infrared (IR) signature. While this segment is again shorter, atmospheric drag shreds away false targets and permits the defense to launch its interceptors against the exposed warheads with greater confidence. Reentry, however, also brings another difficult problem, namely that the warheads may maneuver to become very difficult targets to hit. All basing modes can be terminal defenses. 

It is instructive to recall that Iraq modified and extended the range of its Scud missiles used during the 1991 Gulf War by welding sections of three Scuds together. As a result, upon reentry into the earth’s atmosphere, the Scud missiles broke up and the warhead section became aerodynamically unstable, creating a corkscrew effect as they spiraled toward Israel and Saudi Arabia. This unintended countermeasure was quite effective, because the Patriot anti-missile systems deployed by the United States did not have sufficient maneuverability to intercept the modified Scuds.

The most effective way to maximize interception opportunities, therefore, is through a layered approach, one that affords multiple opportunities to destroy missiles and their warheads from launch through reentry and reduces the burden placed on any one of the layers of the defense.

Layered defenses have the additional inherent advantage of complicating the design of the offensive systems they are deployed to intercept and destroy. For example, a missile is especially vulnerable in boost phase because it carries explosive fuel. Yet if the missile is hardened in order to reduce the possibility of destruction in boost phase, the result is an increase in the missile’s weight, possibly easing the task of subsequent interception. The corresponding reduction of payload also has the added benefit of diminishing the missile’s destructive potential, and/or range.

In addition to providing the opportunity for multiple shots against a missile or its warheads, a layered approach also allows for the sharing of technologies between systems. Thus, technologies used in one intercept vehicle can be shared with intercept vehicles on other platforms resulting in cost-savings as well as other logistical and interoperability benefits.  Furthermore, in a multi-tiered system, failures at any given layer can potentially be compensated for in other layers. 

By contrast, each element of a single-tier defense must be close to 100-percent effective – a situation unlikely to be achieved, especially as the number of warheads to be intercepted increases. The multiple-shot opportunities afforded by a layered architecture ensure a more robust performance because the various engagement tiers offer mutually reinforcing advantages and synergies. In order to build an effective layered defense, it will be essential to develop and deploy systems that include space-based, as well as sea- and land-based, elements.
