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Example of Claims about the GMD System 

“The East Coast is well-protected as the result of -- well, it was 
protected before the additional -- and this additional '14 
provides additional protection both for anything from North 
Korea as well as anything from Iran should that threat develop.”  
Madelyn Creedon, Assistant Defense Secretary for Global 
Strategic Affairs, Senate Armed Services Committee, May 9, 2013 
 
“…the probability will be well in the high 90s today of the GMD 
system being able to intercept that today.” MDA Director  Lt. 
Gen. Patrick O’Reilly in response to a question about countering 
“one ICBM coming from Tehran to New York.”  House Armed 
Services Committee, December 1, 2010. 
 



Claimed Coverage Footprints of GMD System 
(Images Source: 2010 Ballistic Missile Defense Review) 

Against North Korea Against Iran 



How To Get To “High 90s”  

• If PK is single interceptor probability of kill, and 
N identical interceptors per target: 
 PN = 1 - (1-PK)N  

• If N = 4, 
 PK = 0.60   gives overall 97.5% 



Everybody Can be Right (or Wrong) 

“There are a lot of things that go into 
[determining] effectiveness.  Everybody can be 
right.”  
MDA Director Ronald Kadish, in response to a 
question about Undersecretary of Defense for 
Acquisition, Technology and Logistics  Edward 
Aldridge’s statement to Congress that GMD 
“Effectiveness is in the 90% range.”  (March 23, 
2003) 



What’s Wrong With These Numbers? 

• These types of numbers are only about reliability.  
But effectiveness is more than reliability. 

• In particular, rely on at least two questionable 
assumptions (aside from reliability estimate): 
– No common mode failures 

• FTG-06: SBX radar failed 
• FTG-06a: Unsuspected design flaw in CE-II kill vehicle 

– Correct target has been identified with certainty (or 
near certainty).   

• Assumes discrimination is not a problem. 



Operational Effectiveness and 
Discrimination 

• In order to be effective, the GMD system must not only 
be reliable, but also able to counter: 
– Unexpected circumstances. 
– Deliberate attempts to defeat it (countermeasures). 

• Because GMD intercepts only in outer space (exo-
atmospheric), many different types of countermeasures 
are possible. 

• For defense to be reliable, it must be able to counter all 
plausible countermeasures. This has been the big 
problem for NMD from the beginning.  

• GMD must work the first time it is actually used. 
  



September 1999 National Intelligence Estimate 

• “Countries developing ballistic missiles would 
also develop responses…”  Readily available 
countermeasure technologies include: 
– Separating reentry vehicles (RVs) 
– Spin-stabilized warheads 
– RV reorientation 
– Radar absorbing material 
– Booster fragmentation 
– Low power jammers 
– Chaff 
– Simple (balloon) decoys 



Some Context on Discrimination Radars 

• President Clinton’s proposed 3+3 NMD system 
would have deployed as many as nine very 
large X-band Ground Based Radars for 
discrimination. 

• 2000 UCS/MIT Countermeasures Study argued 
that even with these radars, the system would 
not be able to discriminate reliably. 

• However, these radars were never built. 
– Only a single, somewhat smaller test SBX was built 



Proposed C3 Phase of 3+3 NMD System 



Countermeasures Report (2000) 
http://www.ucsusa.org/nuclear_weapons_and_global_security/missile_defense/technical_issues

/countermeasures-a-technical.html 
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GMD System Core Radar Infrastructure 

• Core radar capability is several Upgraded Early Warning 
Radars (UEWRs). 
– Northern California 
– Shemya Island, AK (Cobra Dane) 
– Fylingdales, UK 
– Thule, Greenland 
– Cape Cod, Central Alaska (2016+) 

• These can track a target (or small target cluster) 
accurately enough to guide a GBI interceptor. 

• However, they have essentially no discrimination 
capability. (Bandwidth ≤ 10 MHz → ΔR ≈ 25 m) 



Core GMD Radars  
(Images source : MDA) 

 

BMEWS, Flyingdales, UK Cobra Dane, Shemya, AK 



GMD Core Radars 
(Base map from 2010 BMDR) 
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Role of Early Warning Radars (2004) 
(GAO-04-254, p. 17) 

• “Neither the Cobra Dane radar nor the upgraded early 
warning radar at Beale is capable of performing rigorous 
discrimination…” 

• “Rather, both radars will utilize common “target classification” 
software that enable them to classify objects as threatening 
or non-threatening.” 

• “For example, debris would be classified as non-threatening, 
but objects like deployment buses and decoy replicas would 
be classified as threatening.” 

• “Accordingly, the system would have to rely solely on the kill 
vehicle for a final target selection.” 
 



Test Target Reentry Vehicle (2002) 
(Image Source: U.S. Department of Defense) 



Discrimination by Length Measurement vs. Bandwidth 
(Large bandwidth necessary but not necessarily sufficient for discrimination.) 

(Eric D. Evans, “Missile Defense Technology (Can BMD Systems Work?), Lincoln Laboratory, Mini DTS Course, Dec. 10, 1999) 



X-Band Radars  

• “Family” of phased array radars using similar 
transmit/receive modules. 

• Operate at X-band ~ 10 GHz (λ ≈ 3 cm). 
• Bandwidth ≈ 1 GHz → ΔR ≈ 25 cm. 

– Can in principle make measurements potentially 
useful for discrimination. 

• TPY-2, SBX, GBR-P (Kwajalein). 
• Warheads can have very low radar cross 

sections at X-band 



Warhead RCS at UEWR Frequencies and at X-Band  
(Original source: Bernard M. Brown, “An Industrial Viewpoint: Concepts for the Implementation of BMD Architecture for Italy,” Theater 
Missile Defense: Systems and Issues – 1994  (Washington, DC: American Institute of Aeronautics and Astronautics, 1994), pp. 167-180.) 



MK 12A Reentry Vehicles 
(conical shape, pointed nose, rounded back all low radar cross section features) 



Minuteman Inflatable Replica Decoy (1971) 
(Image source: http://www.lgarde.com/about-us/ ) 

http://www.lgarde.com/about-us/


TPY-2, Sea-Based X-band (SBX) 

TPY-2 Radar SBX Radar 



TPY-2 Radars 

• Used as Both Forward-Based X-Band (FBX) and as 
Terminal High Altitude Area Defense (THAAD) radar. 

• Eight delivered so far.  FBXs in Japan, Turkey, Israel and 
Qatar. 

• As FBX, would be deployed relatively close to suspected 
launch site and provide track and possibly discrimination 
data to GMD system (or EPAA, etc…) 

• Relatively small (A= 9.2 m2), air-transportable. About 
800x less powerful than SBX (in terms of P-A-G).  

• Only one radar face, does not rotate, so can be 
overflown. 

 



GMD Radars  
(Not shown: forward-based Aegis radars) 



Comparison of X-Band Size and Powers 



Sea-Based X-Band Radar (SBX) 

• President Clinton’s 3+3 NMD plan involved 
deployment of multiple large X-Band Ground-Based 
Radars (GBRs). 

• No GBRs were built. Instead a single somewhat 
smaller SBX was built, primarily as test asset. 

• SBX has significant limitations; 
– Very limited electronic field-of-view (± 12°) – for larger 

angles must mechanically rotate or tilt. 
– Not built to operational standards (reliability, hardening). 
– There’s only one. 
– Currently in limited test and operations status 



Titan II Stage Fragmentation (1975) 
(Image source: David K. Stumpf,  Titan II: A History of a Cold Was Missile Program, p. 201) 



Enveloping Balloons  
(Image Source: Scientific American, August 1999, pp. 36-41 



Is the Sensor Infrastructure of the EPAA Adequate? 

• EPAA sensors were not designed for defense of a continent. 
• Announced Phase III (2018) EPAA sensor infrastructure is:  

One TPY-2 X-band radar in Turkey, Aegis Ashore radars in 
Romania and Poland, and Aegis radars on ships. 

• 2011 Defense Science Board Report: “The current Aegis 
shipboard radar is inadequate to support the objective needs 
of the EPAA mission”(p. 26) and “Radars of much more 
substantial operating range than the current radar on the 
Aegis ships will be necessary for the full realization of a robust 
regional defense.” (p. 8) 

• 2012 National Academy of Sciences Report Panel: Aegis radars 
only useful to EPAA as communication relays. 

 



Is the Sensor Infrastructure of the EPAA Adequate? 

• DSB report also assumed a forward-based X-band 
radar 3x more powerful (in terms of P-A-G) than 
current TPY-2 in Turkey. 

• 2011 DSB Study coverage of Europe assumed: 
– One TPY-2 X-band radar 
– One 3x TPY-2 X-band radar 
– Three next-generation naval radars (first 

deployment 2023+) 
• Only one of these five radars exists. 
• EPAA needs much more sensor infrastructure than is 

usually discussed. 
 



Some (GMD) Conclusions 

• Current and planned sensors are inadequate 
to support an effective defense. 

• Statements about the effectiveness of the 
current GMD system are meaningless. 

• Adding more GMD interceptors does not by 
itself increase the system’s effectiveness. 
– Nor does putting them on the East Coast 

• Discrimination is still the big problem 
• Much more, and much more rapid, testing 

needed. 



Still True Today 


	Slide Number 1
	Example of Claims about the GMD System
	Claimed Coverage Footprints of GMD System�(Images Source: 2010 Ballistic Missile Defense Review)
	How To Get To “High 90s” 
	Everybody Can be Right (or Wrong)
	What’s Wrong With These Numbers?
	Operational Effectiveness and Discrimination
	September 1999 National Intelligence Estimate
	Some Context on Discrimination Radars
	Proposed C3 Phase of 3+3 NMD System
	Countermeasures Report (2000)�http://www.ucsusa.org/nuclear_weapons_and_global_security/missile_defense/technical_issues/countermeasures-a-technical.html�
	GMD System Core Radar Infrastructure
	Core GMD Radars �(Images source : MDA)�
	GMD Core Radars�(Base map from 2010 BMDR)
	GMD System Core Radar Infrastructure
	Role of Early Warning Radars (2004)�(GAO-04-254, p. 17)
	Test Target Reentry Vehicle (2002)�(Image Source: U.S. Department of Defense)
	Discrimination by Length Measurement vs. Bandwidth�(Large bandwidth necessary but not necessarily sufficient for discrimination.)�(Eric D. Evans, “Missile Defense Technology (Can BMD Systems Work?), Lincoln Laboratory, Mini DTS Course, Dec. 10, 1999)
	X-Band Radars 
	Warhead RCS at UEWR Frequencies and at X-Band �(Original source: Bernard M. Brown, “An Industrial Viewpoint: Concepts for the Implementation of BMD Architecture for Italy,” Theater Missile Defense: Systems and Issues – 1994  (Washington, DC: American Institute of Aeronautics and Astronautics, 1994), pp. 167-180.)
	MK 12A Reentry Vehicles�(conical shape, pointed nose, rounded back all low radar cross section features)
	Minuteman Inflatable Replica Decoy (1971)�(Image source: http://www.lgarde.com/about-us/ )
	TPY-2, Sea-Based X-band (SBX)
	TPY-2 Radars
	GMD Radars �(Not shown: forward-based Aegis radars)
	Comparison of X-Band Size and Powers
	Sea-Based X-Band Radar (SBX)
	Titan II Stage Fragmentation (1975) (Image source: David K. Stumpf,  Titan II: A History of a Cold Was Missile Program, p. 201)
	Enveloping Balloons �(Image Source: Scientific American, August 1999, pp. 36-41
	Is the Sensor Infrastructure of the EPAA Adequate?
	Is the Sensor Infrastructure of the EPAA Adequate?
	Some (GMD) Conclusions
	Still True Today

