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introduction
The Pentagon is planning to replace its current arsenal of intercontinental ballistic missiles
(ICBMs) with a brand-new missile force, known as the Ground-Based Strategic Deterrent,
or GBSD.
The GBSD program consists of a like-for-like replacement of all 400 Minuteman III missiles that
are currently deployed across Colorado, Montana, Nebraska, North Dakota, and Wyoming, and
will also include a full set of test-launch missiles, as well as upgrades to the launch facilities,
launch control centers, and other supporting infrastructure. The GBSD program will keep
ICBMs in the United States’ nuclear arsenal until 2075, and is estimated to cost approximately
$100 billion (in Then-Year dollars) in acquisition fees and $264 billion (in Then-Year dollars)
throughout its life-cycle.
However, critics of the GBSD program––which include a chorus of former military commanders
and Secretaries of Defense, top civilian officials, current congressional committee chairs, subject
matter experts, and grassroots groups––are noting a growing number of concerns over the
program’s increasing costs, tight schedule, and lack of 21st century national security relevance.
Many argue that the GBSD’s price tag is too high amid a plethora of other budgetary pressures.
Many also say that alternative deterrence options are available at a much lower cost, such as lifeextending the current Minuteman III ICBM force.
Despite these concerns, the GBSD program has been accelerated in recent years, apparently in
an effort to lock in the system before a new administration could consider reversing it. However,
the Pentagon has not offered a convincing articulation of what role these Cold War-era weapons
are supposed to play in a post-Cold War security environment. Attempts in Congress to scrutinize
the program have been shot down, usually with the lobbying help of the major GBSD
contractors.
As a result, key decisions during the most crucial years of GBSD have been made without being
able to access the full scope of information and analysis about the program.
To that end, the Federation of American Scientists has conducted an external review of the
GBSD program, in addition to reviewing the fundamental role of ICBMs in US nuclear strategy.
After conducting open-source analysis, filing Freedom of Information Act requests, reviewing Air
Force and program documents, examining primary and secondary sources, commissioning a
comprehensive polling effort, and consulting with well-informed individuals, this review compiles
a comprehensive, unclassified picture of the GBSD, while challenging many assumptions about
the history, purpose, and utility of ICBMs.
6
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Image: Air Force Global Strike Command, “Map of GBSD EIS project locations,” United States Air Force (2020).
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executive summary
As sociologist Donald MacKenzie suggests, the United States developed long-range ballistic
missiles “without any agreed understanding––even within élite circles, much less among the
general population––of why it was doing so.”1 Only after the nuclear triad was built and deployed
did US policymakers articulate how each leg could uniquely influence deterrence: somewhat
counterintuitively, the weapons came first; the questions of how and when to use them came
second.
Subsequently, the consolidation of the “nuclear triad” into a singular, unbreakable entity has
proved to be an effective defensive measure against proposed reductions to the US nuclear force.
Despite substantial cuts to the ICBM force over the past two decades, every post-Cold War
administration has accepted that ICBMs would remain part of the US nuclear deterrent, despite
the fact that the Pentagon has not offered a convincing articulation of what role these Cold War
weapons are supposed to play in a post-Cold War security environment.
The “nuclear triad” is neither sacred nor immutable, however, as the United States faces
imminent decisions that will affect the country’s force posture until the end of the 21st century, a
review of the ICBMs’ role in US nuclear strategy is certainly warranted.
During the Cold War, the United States planned to use ICBMs primarily as damage-limitation
tools as a means of reducing the Soviet Union’s destructive potential, in the event of a nuclear
war. Although the war plan has been revised and replaced several times since the end of the Cold
War, it is believed that ICBMs currently play a similar role in US nuclear planning and targeting.2
The President can decide to change the United States’ nuclear employment guidance anytime,
however, and a shift towards a posture that foregoes preemptive, damage-limiting nuclear strikes
would remove the requirement to maintain ICBMs in the US arsenal. There are several reasons
why a President might choose to shift towards a posture that eliminates this particular targeting
requirement: non-mobile ICBMs invite a devastating attack on the United States, they face
significant limitations in addressing 21st century deterrence challenges, and they are uniquely
destabilizing weapon systems that can bias a President towards launching quickly in a crisis.
Eliminating the requirement to pursue preemptive, damage-limiting nuclear strikes––the role that
the ICBMs have historically fulfilled in US nuclear strategy– would prioritize the role of ballistic
Donald MacKenzie, Inventing Accuracy: A Historical Sociology of Nuclear Missile Guidance (Cambridge, Massachusetts:
The MIT Press, 1993), p. 162.
1

Hans Kristensen, “US Nuclear War Plan Updated Amidst Nuclear Policy Review,” FAS Strategic Security Blog (4 April
2013), accessed 10 February 2021, <https://fas.org/blogs/security/2013/04/oplan8010-12/>.
2
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missile submarines in ensuring that the United States is able to “ride out” a nuclear attack,
accurately assess damage, and still maintain an assured retaliatory capability. Under this revised
nuclear posture, the United States’ deterrence credibility would largely be conferred by the
survivability of its nuclear command, control, and communications (NC3) infrastructure, because
a crippling attack on US NC3 could prevent the President from ordering retaliatory strikes from
US SSBNs. Therefore, modernized NC3 systems, in conjunction with the adoption of NC3
safeguards and backstops, would help strengthen the conditions under which the United States
could shift away from damage-limiting nuclear strikes.
Such investments would help strengthen the United States’ deterrence credibility, because as long
as an adversary lacked confidence in its ability to destroy every US nuclear submarine or cripple
the US NC3 network, a stable deterrence relationship would theoretically hold. Under this
revised posture, any attempted first strike on US strategic nuclear forces would likely still leave the
majority of the US ballistic missile submarine force relatively unscathed and ready to launch.
The survivability of the SSBN force is unlikely to change, even decades into the future. As the
2018 Nuclear Posture Review states, “When on patrol, SSBNs are, at present, virtually
undetectable, and there are no known, near-term credible threats to the survivability of the
SSBN force.”3 The next generation of US SSBNs––the Columbia class––is expected to be even
quieter and more survivable than the current Ohio-class fleet.4 Given the United States’
supremacy in submarine-quieting and submarine-detection capabilities, any meaningful
technological developments are likely to be predictable and are unlikely to offer an advantage to
US adversaries. Furthermore, such developments are unlikely to affect the United States’ ability
to conduct retaliatory nuclear strikes, given the significant logistical complications associated with
destroying US submarines on patrol.
Despite the lack of security rationale for preserving ICBMs in a post-Cold War era, the
Pentagon’s flawed assessment metrics have continuously pushed the department towards
upgrading and modernizing its missiles without taking into account whether particular
requirements could be filled by other systems––or whether those requirements are indeed
necessary at all. This process has been bolstered by the influence of the Senate ICBM
Coalition––a group of senators from ICBM host states who have played an outsized role in
dictating US nuclear force posture––occasionally even overriding the guidelines set by US
military leaders––in order to prevent any significant ICBM force reductions from taking place.
US Department of Defense, “Nuclear Posture Review,” Office of the Secretary of Defense (February 2018), pp. 44-45,
<https://media.defense.gov/2018/Feb/02/2001872886/-1/-1/1/2018-NUCLEAR-POSTURE-REVIEWFINAL-REPORT.PDF>.
3

“Electric-Drive Propulsion for U.S. Navy Ships: Background and Issues for Congress,” Congressional Research Service
(31 July 2000), RL30622, p. 19, accessed 15 November 2020, <https://www.everycrsreport.com/files/
20000731_RL30622_c288e8b1829d574fffb93ddf56d0891b36cff9fc.pdf>.
4
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These lawmakers are generously funded by weapons contractors and other corporations that
stand to materially benefit from the GBSD program, and have protested against proposed cuts to
the ICBM force on the basis of losing jobs in their constituencies.5 However, the ICBM force
does not create nearly as many jobs as its advocates often claim: for the same amount of spending
on defense, low-carbon industries like health care and education support 100% to 140% more
jobs.6
Instead of reducing the ICBM force, however, the Air Force is pursuing a $264 billion
replacement program––the Ground-Based Strategic Deterrent––that will keep ICBMs in the
United States’ nuclear arsenal until 2075. The Air Force’s justification for the GBSD program
rests upon several flawed assumptions about how GBSD would address capability gaps, maintain
the health of the large solid rocket motor industrial base, share commonality with the Navy’s
missiles, and—most importantly—be cheaper than the cost of a Minuteman life-extension.7 In
hindsight, it appears that these factors were based on flawed assumptions, and many have since
been been deprioritized.
Furthermore, it has become clear that the outcome favoring GBSD was largely predetermined by
arbitrary force requirements and timelines that have little 21st century strategic rationale. The
most consequential example of this was the Air Force’s requirement to maintain current ICBM
force levels until 2075, which had a significant knock-on effect on its associated cost analysis. If
the Air Force had selected a different timeframe––2050, for example, or even 2100––the most
cost-effective policy to meet those requirements would have been to pursue a life-extension of the
current Minuteman III system, thus deferring a decision on GBSD for two decades and
alleviating the overwhelming pressure on the current defense budget.
These conclusions suggest that the Air Force’s case for GBSD needs to be reevaluated in light of
cost escalation and surrounding budget pressures. This is especially true given that a Minuteman
III life-extension program remains a cheaper and less risky option. The Minuteman III’s critical
subsystems continue to show high reliability with age, and new forms of nondestructive testing
methodologies could allow the Air Force to monitor their reliability without sacrificing any test
assets. The President could also revise nuclear employment guidance to accept a slightly higher
William Hartung, “Inside the ICBM Lobby: Special Interest or the National Interest?” Center for International Policy
(9 March 2021), <https://3ba8a190-62da-4c98-86d2-893079d87083.usrfiles.com/ugd/
3ba8a1_89fe183f8a164e22a2fa29d4d6381d7b.pdf>.
5

Heidi Garrett-Peltier, “War Spending and Lost Opportunities,” Costs of War Project (14 March 2019), accessed 20
September 2020, <https://watson.brown.edu/costsofwar/files/cow/imce/papers/2019/
March%202019%20Job%20Opportunity%20Cost%20of%20War.pdf>.
6

United States Air Force, “Cost Comparison of Extending the Life of the Minuteman III Intercontinental Ballistic
Missile to Replacing it with a Ground-Based Strategic Deterrent: Report to Congress,” Department of Defense (July
2016), p. 4.
7
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threshold for risk; this would allow the Air Force to meet presidential guidance with a lifeextended Minuteman III, without affecting strategic stability. At the point when the Minuteman
III’s subsystems would ultimately need to be replaced, the Air Force has a proven track record of
conducting life-extension operations at low cost.
Ultimately, pursuing a Minuteman III life-extension is less risky than building a brand-new
missile force from scratch. According to the Air Force, the GBSD already carries a “high-risk”
schedule, likely due to the prospect of delays from a demanding military construction schedule,
the inexperience of Air Force Global Strike Command in implementing simultaneous major
acquisition program, and the likely delays to GBSD-adjacent programs like the W87-1 warhead.
The Air Force is already anticipating that the W87-1 will not be completed on-time, and is
therefore planning for the GBSD to reach Initial Operational Capability with legacy warheads.8
In 2017, the Congressional Budget Office estimated that the entire US nuclear modernization
program would cost approximately $1.2 trillion, and these costs are highly likely to increase with
inflation and customary programmatic overruns.9 Given these significant budgetary pressures it
would seem irresponsible to spend nearly $100 billion to acquire the GBSD today when such a
decision could be deferred for several decades––thus allowing the United States to reallocate that
money towards more pressing security priorities.
Recent polling conducted suggests that this form of reallocation would be widely popular on a
bipartisan basis. An October 2020 poll conducted by the Federation of American Scientists and
ReThink Media found that Americans overwhelmingly do not derive their sense of safety from
investments in nuclear or conventional weapons. These results suggest that a legislative effort to
reallocate funds from GBSD towards more proximate security priorities would be widely
supported by Americans on both sides of the political spectrum. Additionally, the survey
demonstrated very little bipartisan support for the GBSD program itself, and respondents
overwhelmingly supported delaying the GBSD and continuing to refurbish the Minuteman III
while the program undergoes a review.

Department of the Air Force, “Report on Development of Ground-Based Strategic Deterrent Weapon,” Report to
Congressional Committees (May 2020), p. 4.
8

Congressional Budget Office, “Approaches for Managing the Costs of U.S. Nuclear Forces, 2017 to 2046” (October
2017), <https://www.cbo.gov/system/files/115th-congress-2017-2018/reports/53211-nuclearforces.pdf>.
9
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I. The uncertain history of the nuclear
“triad”
The “nuclear triad” of land-based missiles, submarine-launched missiles, and long-range
bombers is often presented as a logical inevitability, as something that naturally arose from
expanding the three existing domains of conventional warfare––land, sea, and air––into the
nuclear realm. As the then-Commander of US Strategic Command testified to Congress in
2017, “If the adversary has capabilities to operate from the sea, from the land [and] from the air,
we have to be able to deter all those elements. That's how the triad was developed and that's how
we need to go.”1
However, this characterization of the triad's development is both simplistic and ahistorical. It
subscribes to a problematic notion of nuclear determinism by suggesting that a nation’s nuclear
posture should be a natural extension of its conventional military posture. In fact, characterizing
the triad’s development as an essential and inevitable feature of US nuclear policy overlooks the
complexity of the personalities, decisions, and organizational politics that were required in order
to bring it into existence. It also ignores the fact that the nuclear triad almost never existed at all.
As sociologist Donald MacKenzie argues, “the United States built its missile arsenal without any
agreed understanding––even within élite circles, much less among the general population––of
why it was doing so.”2
The organizational politics of ICBMs
The development of the nuclear triad was certainly not an inevitability; in fact, it came close to
never existing at all. Until the early 1950s, there remained extreme skepticism about the utility––
and even the technological possibility––of unmanned missiles taking the place of manned
bombers. Even Vannevar Bush, the eminent scientist who directed all wartime research and
development and played a principal role in the Manhattan Project, was not convinced. He
famously told Theodore von Kármán––the father of supersonic flight––“I don’t understand how
a serious scientist can play around with rockets.”3

Gen. John Hyten, testimony before the House Armed Services Committee, “Hearing on Military Assessment of
Nuclear Deterrence Requirements,” 115th Congress, 1st session (8 March 2017), <https://dod.defense.gov/Portals/
1/features/2017/0917_nuclear-deterrence/docs/Transcript-HASC-Hearing-on-Nuclear-Deterrence-8March-2017.pdf>.
1

Donald MacKenzie, Inventing Accuracy: A Historical Sociology of Nuclear Missile Guidance (Cambridge, Massachusetts:
The MIT Press, 1993), p. 162.
2

Ann Markusen et al., The Rise of the Gunbelt: The Military Remapping of Industrial America (New York: Oxford University
Press, 1991), p. 91.
3
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Bush’s skepticism was not unfounded. Early ballistic missiles like the V-2 were crude and
inaccurate, and at the time there seemed to be little hope of transforming them into systems
suitable for carrying heavy nuclear payloads to a specific target, thousands of kilometers away. In
December 1945, Bush told the Senate Special Committee on Atomic Energy: “I say technically I
don’t think anybody in the world knows how to do such a thing, and I feel confident it will not be
done for a long period of time to come.”4
In addition to the associated technological challenges, the organizational culture of the US Air
Force actively rejected unmanned flight, writ large. The unique role of strategic bombers during
the Second World War had helped justify the Air Force’s establishment as a separate branch of
the armed forces in 1947, and for many pilots and military officers, flying symbolized a
particularly ‘American’ way of life.5 As a result, it was not unreasonable for an organization
composed almost entirely of airmen to be inherently suspicious of unmanned systems, which
posed an existential threat to both their career incentives and their service culture.
In the face of these technological, cultural, and organizational challenges, it is not surprising that
during the 1940s and early 1950s, the Air Force’s stance towards ballistic missiles could “best be
characterized as a combination of skepticism, indecision, and indifference.”6 Colonel Edward
Hall––the engineer in charge of designing the United States’ first ICBM––reportedly even
admitted that he had faked an intelligence report on Soviet rocket engines in the early 1950s, just
so that his own work on long-range ballistic missiles would not be shut down.7 When viewed
through this lens, the development of ICBMs––much less the nuclear triad––was certainly not an
inevitability.
However, by the final months of 1953 and the early months of 1954, these institutional barriers
had eroded to the point where the “missile revolution” finally became possible. As the first
Republican president to be elected in two decades, the newly-inaugurated Eisenhower
administration effectively cleaned house, enacting a series of mid-level personnel changes that
altered the fate of the missile revolution. Determined individuals like Trevor Gardner
(Eisenhower’s newly-appointed Air Force Assistant Secretary for Research and Development) and
Bernard Schriever (Gardner’s pick to lead the Air Force’s first ICBM program) were instrumental

Vannevar Bush, testimony before the Special Senate Committee on Atomic Energy, 3 December 1945; “Inquiry
into Satellite and Missile Programs,” hearings before the Preparedness Investigating Subcommittee of the Senate
Committee on Armed Services, 85th Congress, 1st and 2nd sessions, 1957-1958, p. 943.
4

5

Robert L. Perry, The Ballistic Missile Decisions (Santa Monica, California: RAND Corporation, October 1967), p. 26.

Kenneth P. Werrell, The Evolution of the Cruise Missile (Maxwell Air Force Base, Alabama: Air University Press,
1985), p. 103.
6

Gretchen Heefner, The Missile Next Door: The Minuteman in the American Heartland (Cambridge, Massachusetts:
Harvard University Press, 2012), p. 24.
7
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in removing many of the major bureaucratic roadblocks, thus paving the way for political
investment in a long-range ballistic missile program.8
The newly-empowered ICBM lobby was aided significantly by the invention of the hydrogen
bomb in 1952, which prompted a pivotal RAND report to assess in early 1954 that “the
development of small, high-yield warheads now makes possible a missile of more reasonable size,
with every prospect of further improvement in the very near future.”9 The study concluded that
“if given adequate funding and development effort, [an ICBM] can be operational by or before
1960.”10
Two days after publication, the RAND study’s conclusion was echoed by a highly influential
civilian scientific advisory committee, which endorsed an accelerated ICBM program.11 This
committee, codenamed the “Teapot Committee,” had been stood up by Trevor Gardner months
earlier, and he had carefully staffed it entirely with ICBM supporters in order to ensure a proICBM outcome. The Teapot Committee, which Robert L. Perry described as having “no
purpose of being except to induce more widespread acceptance of the missile thesis,”
accomplished its mission.12 A year later, the Killian Committee––the most important scientific
advisory committee in the Eisenhower administration––echoed the Teapot Committee’s
recommendation to the president, urging him to give “highest priority” to the development of an
Air Force ICBM program.13
Adding a sense of urgency to this shared recommendation, the Teapot Committee generated
intelligence estimates suggesting that the “Soviets are significantly ahead of us in the strategic
missile field.”14 Despite the subsequent revelation that the “missile gap” between the Soviet

For more detail on ICBM-related organizational theory, refer to Thomas P. Hughes, Rescuing Prometheus (New York:
Vintage Books, 1998); Robert L. Perry, The Ballistic Missile Decisions (Santa Monica, California: RAND Corporation,
October 1967); Donald MacKenzie, Inventing Accuracy: A Historical Sociology of Nuclear Missile Guidance (Cambridge,
Massachusetts: The MIT Press, 1993); Edmund Beard, Developing the ICBM: A Study in Bureaucratic Politics (New York:
Columbia University Press, 1976).
8

B.W. Augenstein, A Revised Development Program for Ballistic Missiles of Intercontinental Range: Special Memorandum No. 21
(Santa Monica, California: U.S. Air Force Project RAND, 8 February 1954), p. 7.
9

10

Ibid, p. 38.

Jacob Neufeld, The Development of Ballistic Missiles in the United States Air Force (Washington, DC: Office of Air Force
History, United States Air Force, 1990), pp. 95-103.
11

12

Perry, The Ballistic Missile Decisions, pp. 15-16.

Foreign Relations of the United States, 1955-1957, Volume XIX, National Security Policy, eds. William Klingaman,
David S. Patterson, and Ilana Stern (Washington, DC: Government Printing Office, 1990), Document 9. Original
source: Department of State, S/S–RD Files: Lot 71 D 171. Top Secret; Restricted Data.
13
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14

MacKenzie, Inventing Accuracy, pp. 111-113; Hughes, Rescuing Prometheus, pp. 137-149.
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Union and the United States was, in fact, a myth, this assumption proved to be a significant
factor in persuading congressional allies to advocate aggressively in favor of an ICBM program.15
Having taken all of these factors into account, and facing significant pressure from Congress and
several of his own political appointees, President Eisenhower finally assigned the highest national
priority to the development of an ICBM in September 1955. This ultimate decision, however,
was anything but inevitable, and it certainly did not resolve the underlying bureaucratic resistance
to the program. One estimate suggests that institutional inertia alone delayed the start of ICBM
development by up to six years, and once the Navy initiated its own ballistic missile program, the
Air Force’s ICBM once again faced a new round of potentially existential roadblocks.16
Competing missiles, competing doctrines
The Navy was quick to understand that an Air Force monopoly over ballistic missiles would be
coupled with a dramatic cut to their already-shrinking service budget. For that reason––and
largely for that reason alone––forceful individuals within the Navy advocated for the
development of a “Fleet Ballistic Missile” to compete with the Air Force’s ICBMs. The project
found a welcome audience among the members of the Killian Committee, and was ultimately
approved by Eisenhower in September 1955.17
This development sparked a bitter, long-lasting fight between the Navy and the Air Force, one
which culminated in the articulation of two competing nuclear doctrines. Rather than being
driven strictly by deterrence requirements, these doctrines––known today as “counterforce” and
“countervalue”––were largely shaped by the characteristics and limitations of the delivery
systems themselves.18 Somewhat counterintuitively––and in a pattern that continues to plague
US nuclear policy to this day––the weapons came first; the questions of how and when to use
them came second.
Initially––and, as Donald MacKenzie notes, without much strategic thought––both services
attempted to incorporate their new ballistic missiles into their existing targeting doctrines.19 The
Air Force’s early ballistic missiles were explicitly intended for destroying cities, and were slated to
be used in conjunction with Strategic Air Command bombers to preemptively deliver an all15

Hughes, Rescuing Prometheus, pp. 166-167.

16

Beard, Developing the ICBM, p. 70; Hughes, Rescuing Prometheus, p. 125.
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encompassing “Sunday Punch” to the Soviet Union.20 Having previously characterized the Air
Force’s targeting of urban-industrial centers as “immoral” and “unmilitary,” the Navy’s ballistic
missile proponents initially conceived of its Fleet Ballistic Missile as a means of solely destroying
“targets of naval opportunity” like ports and submarine pens.21
This early targeting differentiation was a convenient way for both the Air Force and the Navy to
justify funding for their respective ballistic missile programs, and both services were initially
careful to not upset this delicate balance.22 However, this detente would not last long. Polaris––the
Navy’s first ballistic missile––was too inaccurate to be used for anything but a counter-city
weapon, and so its proponents were forced to flip their previous doctrine upside-down, and
articulate a countervalue doctrine that they had previously condemned as “immoral” and
“ineffective.” Under a new doctrine of “finite deterrence,” as it was known, a relatively small
number of invulnerable Navy submarines––armed with Polaris missiles––could hold Soviet cities
at risk, even after a Soviet first strike.23
This shift in the Navy’s preferred doctrine presented an obvious problem for the Air Force. If
adopted, finite deterrence would mean that the Navy could effectively deter the Soviet Union all
by itself, thus rendering the Air Force's ballistic missile force––not to mention its bombers and
overseas bases––redundant. This fact was not lost on the Eisenhower administration, which
recognized that adopting a retaliatory doctrine could be used to justify a new round of defense
budget cuts.24
In an attempt to differentiate its ballistic missiles from those of the Navy, the Air Force coalesced
around a competing nuclear doctrine that had been devised at the RAND Corporation, known
as “counterforce.” Recently enabled by improvements in accuracy, a counterforce doctrine
emphasized preemptively striking the Soviet Union’s nuclear forces as a means of damagelimitation, while eschewing attacks on cities and population centers.
Recognizing that Polaris represented an existential threat to its ICBMs, the Air Force attempted
to claim jurisdiction over the Navy’s weapon by proposing a Single Integrated Operational Plan
(SIOP) for launching all US nuclear weapons, to be organized under the auspices of Strategic Air
Command (SAC). It was presented as a means to better synchronize nuclear planning; however,
in reality, as Fred Kaplan writes, “the strategy behind SIOP was to co-opt the Polaris, take it out
20
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of the hands of the Navy and place it firmly under the wings of SAC.”25 This move caused
Polaris’ most forceful advocate, Admiral Arleigh Burke, to characterize his Air Force counterparts
as “smart and ruthless […] the same way as the Communists.”26
Throughout the late 1950s and early 1960s, both the Air Force and the Navy lobbied heavily in
favor of their respective weapons and doctrines; however, neither made an outright attempt to
undermine the justification for the other's existence; MacKenzie and Spinardi even note that
“there is no evidence of an attempt [by the Navy] to compete with the Air Force in the accuracy
stakes.”27 Ultimately, the Air Force’s preferred “counterforce” doctrine won the day. Although the
Navy managed to retain control over Polaris when the SIOP came into effect, the majority of the
war plan’s targets were more suited to the Air Force’s counterforce mission, and “finite
deterrence” was explicitly rejected by Secretary of Defense Robert McNamara in 1961.28
Counterforce dramatically expanded the United States’ target list and thus enabled the
establishment of “overkill” levels of US nuclear forces throughout the 1960s. This also included
significant increases to the submarine-based nuclear forces, which McNamara believed could
play a “role in a ‘controlled response’ strategy for later stages of a nuclear war.”29
Thus, under the Kennedy administration the defense budget shifted from a sustained period of
Air Force dominance to a relatively stable balance between the services––which has largely
endured ever since.30
The “Triad” as strategic nomenclature
The development of the “nuclear triad” was not an inevitable outgrowth of the land, air, and sea
domains of warfare, nor was it necessarily a response to corresponding developments in the
Soviet nuclear arsenal. These claims ignore the organizational and bureaucratic politics which
drove the majority of nuclear decision-making during the Cold War. As Donald MacKenzie
25
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writes, “With political leaders by no means simply in command, the Soviet Union a shadowy
mirror reflecting American fears rather than a well-understood foe, and nuclear strategy often
rationalization after the fact rather than genuine guiding principle, the initiative for new missile
systems came largely from below.”31
The post-facto rationalization for new nuclear systems is especially visible when considering the
phrase “nuclear triad.” References to the “triad” in nuclear discourse didn't appear until the
1970s––after the respective weapons systems had already been deployed at scale. Instead, as
historian Alex Wellerstein suggests, “[t]he invocation of the ‘triad’ as a unitary strategic concept
seems to have come about when people started to wonder whether we actually needed three
major delivery systems for strategic weapons.”32
In the 1970s, as the Navy's new ballistic missiles became more accurate, the Air Force’s B-1
bomber and MX ICBM came under threat; as MacKenzie suggests, “if Trident could ‘do
anything MX could do,’ then the case for the vulnerable MX was further undercut.”33 It is
therefore no coincidence that the “nuclear triad” solidified as an unbreakable concept at precisely
this moment. As Wellerstein argues, “When you give something abstract a name, you aid in the
process of reification, making it seem tangible, real, un-abstract. The notion of the ‘triad’ is a
concept, a unifying logic of three different technologies, one that asserts quite explicitly that you
need all three of them.”34
Today, as decision-makers consider whether to retire or recapitalize the Air Force’s ICBMs,
industry lobbyists, hawkish think tanks, and some military officials are once again touting the
“unbreakable” nature of the nuclear triad: “The nuclear triad has kept the peace since nuclear
weapons were introduced,” stated the Chairman of the Joint Chiefs of Staff during congressional
testimony in 2016;35 “A safe, secure, reliable and effective nuclear triad is essential to deterring
threats against the U.S. homeland and underpins every other military operation around the
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world,” noted the Air Force’s Chief of Staff in 2020;36 “We have to make sure that we are always
ready to respond to any threat,” testified the then-Commander of US Strategic Command to
Congress in 2019, “I can do that today because I have the most powerful triad in the world.”37
These platitudinal defenses of the nuclear triad are all listed prominently on the website of
Northrop Grumman––the sole bidder and awardee for the contract to build the next generation
of ICBMs––along with a series of articles on why the ICBM leg of the triad must be modernized
“without delay.”38 However, the history of long-range ballistic missiles demonstrates that weapons
are often built, as Donald MacKenzie notes, “without any agreed understanding” of whether
they are actually necessary, nor of why and how they would be used.39 Instead, they typically
require a post-facto rationalization campaign in order to defend the procurement decision after
the fact. And in the particular case of the ICBM leg of the triad, history shows that these
weapons are not sacrosanct: they are not a product of strategic necessity, but of bureaucratic
politics.
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II. Challenging the Strategic Requirement
for ICBMs
Only after the nuclear triad was built and deployed did US policymakers articulate how each leg
could uniquely influence deterrence. Eventually, these arguments coalesced into a now-familiar
refrain, which has been continuously reflected in various iterations of the Nuclear Posture
Review: ballistic missile submarines (SSBNs) are “the most survivable” leg of the nuclear triad,
heavy bombers are “the most flexible and visible,” and ICBMs are “the most responsive.”1
This primary requirement for ICBM responsiveness is rooted in a Cold War-era strategic
environment when the United States and the Soviet Union alike feared a “bolt-from-the-blue”
nuclear attack; however, this type of attack is an improbable possibility today. In 2012, the
Secretary of Defense and the Director of National Intelligence jointly concluded in a report to
Congress that “the only Russian shift in its nuclear forces that could undermine the basic
framework of mutual deterrence […] is a scenario that enables Russia to deny the United States
the assured ability to respond against a substantial number of highly valued Russian targets
following a Russian attempt at a disarming first strike––a scenario that the Department of
Defense judges will most likely not occur.”2
Despite the fact that the possibility of a “bolt-from-the-blue” attack is, in the words of former
Secretary of Defense William Perry and Ploughshares Fund’s Tom Collina, “vanishingly small,”
ICBM proponents often claim that ICBMs are just as necessary––if not more necessary––than
they were during the Cold War.3 A survey of the arguments in favor of maintaining ICBMs
yields several related assumptions about the purpose of these weapons, largely relating to their
uniquely “responsive” nature, their intended role as a cost-imposition tool for US adversaries,
US Department of Defense, “Nuclear Posture Review,” Office of the Secretary of Defense (February 2018), pp. 44-46,
<https://media.defense.gov/2018/Feb/02/2001872886/-1/-1/1/2018-NUCLEAR-POSTURE-REVIEWFINAL-REPORT.PDF>; US Department of Defense, “Nuclear Posture Review,” Office of the Secretary of Defense
(April 2010), p. 22, <https://dod.defense.gov/Portals/1/features/defenseReviews/NPR/
2010_Nuclear_Posture_Review_Report.pdf>.
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and their presumptive utility as deterrence and hedging tools. These assumptions are driven by
the United States’ longstanding nuclear employment guidance, which directs US planners to
utilize ICBMs primarily as damage-limitation tools in the event of a nuclear war.
In response, this chapter assesses the relative values of “responsiveness” and “survivability,” and
suggests that by prioritizing the former over the latter, the ICBM force contributes to instability.
To mitigate this risk, the United States could change its nuclear employment guidance to
emphasize deterrence without pursuing preemptive, damage-limiting nuclear strikes. Under this
posture, ICBMs would not be necessary. Instead, this revised posture would prioritize the
modernization of the United States’ nuclear command, control, and communications (NC3)
infrastructure, as well as the retaliatory role of the ballistic missile submarine force––whose
survivability is unlikely to be meaningfully challenged in the foreseeable future.
The role of ICBMs in US nuclear strategy
The US nuclear war plan––now known as OPLAN 8010-12––has gone through several
iterations since the end of the Cold War; however, it has its roots in the Cold War-era Single
Integrated Operations Plan, or SIOP. Within each of the SIOP’s Major Attack Options, ICBMs
played a significant targeting role in conjunction with other elements of the US nuclear arsenal,
and in some cases multiple delivery systems would be employed to “cross target” a single facility,
bunker, or ICBM silo in order to increase confidence that the target would be destroyed.4
These targeting requirements were drawn from the Policy Guidance for the Employment of
Nuclear Weapons (NUWEP)––a document issued by the Secretary of Defense to guide the SIOP
targeting process. In its 1974 iteration, as the United States embraced more flexible counterforce
targeting options, the NUWEP indicated that the US objective in the event of uncontrolled
nuclear war would be to “preclude enemy domination” in the “post-war period,” “(i) by
destruction of those political, economic, and military resources critical to the enemy’s post-war
power and influence and national and military recovery; (ii) by limitation of damage to the
United States and its allies through counterforce operations; and (iii) by retaining a strategic force
in reserve for protection and coercion during and after the war.”5
In order to fulfill these objectives, the NUWEP indicated that “in a U.S. attack planned with fully
generated undamaged forces on the Soviet nuclear threat to the United States and its allies, not
less than one warhead should be applied to each ICBM site, each IRBM and MRBM site, each
base for heavy, medium, and light bombers, and each base for missile-launching submarines, even
Office of the Secretary of Defense, “Policy Guidance for the Employment of Nuclear Weapons” (3 April 1974),
Top Secret, p. 17, accessed via National Security Archive Electronic Briefing Book No. 705, “Overkill, Assured
Destruction, and the Search for Nuclear Alternatives: U.S. Nuclear Forces During the Cold War,” William Burr, ed.,
National Security Archive (22 May 2020), <https://nsarchive.gwu.edu/briefing-book/nuclear-vault/2020-05-22/usnuclear-weapons-posture-during-cold-war-compilation-core-primary-sources>.
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if a high damage expectancy cannot be achieved or only short-term damage can be realized.”6
This multiple-warhead requirement suggests that ICBMs would be used in conjunction with
strategic bombers or submarine-launched ballistic missiles to strike a common target set as a
damage-limitation measure.
In the post-Cold War period, the SIOP was replaced and revised several times to accommodate
various updates to nuclear policy guidance, and its current iteration is OPLAN 8010-12––the
18th major plan update since the end of the Cold War. However, as Hans Kristensen suggests,
“although very different from the SIOP, OPLAN 8010-12 is still thought to be focused on nuclear
warfighting scenarios using a Cold War-like Triad of nuclear forces on high alert to hold at risk
and, if necessary, hunt down and destroy nuclear (and to a smaller extent chemical and
biological) forces, command and control facilities, military and national leadership, and war
supporting infrastructure in a myriad of tailored strike scenarios.”7
If this is true, then it can be assumed that ICBMs currently hold a relatively similar targeting role
in US nuclear strategy than they did during the Cold War. It is important to note, however, that
these targeting responsibilities are based upon high-level military guidance, which itself is derived
from the guidance of the highest civilian authorities in the country. The President can decide to
change the United States’ nuclear employment guidance anytime, and a shift towards a posture
that eschews preemptive nuclear strikes would remove the requirement to maintain ICBMs in the
US arsenal.
There are several reasons why a President might choose to shift towards a posture that eliminates
this particular targeting requirement. As the remainder of this chapter suggests, non-mobile
ICBMs invite a devastating attack on the United States, ICBMs face significant limitations in
addressing 21st century deterrence challenges, and ICBMs are uniquely destabilizing weapon
systems that can bias a President towards launching quickly in a crisis. Each of these will be
explored in depth below, as a means to suggest that shifting away from damage-limiting nuclear
strikes would reduce these dangers while continuing to ensure the survivability of the US nuclear
arsenal.
ICBMs invite a devastating attack on the United States
The abstract nature of deterrence theory can obscure what a counterforce attack on the United
States would really mean: the sudden disintegration of the United States’ health care system, its
agricultural and industrial sectors, and the ability of the government to care for its citizens. In
short––the complete collapse of American society.
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Although these are unpleasant subjects on which to dwell, they are necessary considerations
when discussing the role of ICBMs––because if US-Russia deterrence fails, the non-mobile US
ICBM force could invite the detonation of several hundred warheads across the Great Plains.8
Some ICBM advocates suggest that this could actually save lives, because without the ICBMs to
direct those warheads towards sparsely-populated regions of the United States, Russia could retarget them towards US cities––thus triggering additional casualties.9 There is no reason to
believe, however, that Russia would use its extra warheads to target US cities, rather than holding
them in reserve. It is also possible that Russia might simply decide it needed fewer warheads in its
nuclear arsenal if the United States did not have ICBMs.
Moreover, it is insufficient to contrast population densities without additionally examining the
social, economic, and environmental consequences of nuclear war. Without considering these
crucial factors, one might be tempted to conclude that targeting a less-populated region would
allow the United States to somehow weather the effects of a large-scale nuclear war. In reality, as
several theoretical studies on the effects of nuclear war demonstrate, if hundreds of nuclear
weapons were to detonate on US soil, the consequences would be dire––regardless of where the
aimpoints were located.
Notwithstanding the tens of millions of individuals that would be killed by the blasts
themselves––one 2002 study projected that a Russian counterforce attack on the US ICBM force
could cause approximately 100 million immediate deaths––the United States’ already-strained
and privatized health care system would rapidly disintegrate.10 For a picture of what that would
look like in reality, the following passage is a cable sent to the International Committee of the
Red Cross from one of its delegates on the ground in Hiroshima in August 1945:
Conditions appalling. City wiped out. Eighty percent of all hospitals destroyed or seriously damaged.
Inspected two emergency hospitals, conditions beyond description. Effect of bomb mysteriously serious.
The idea of mobile intercontinental ballistic missiles has been considered throughout several generations of US
ICBM development, including with the Ground-Based Strategic Deterrent; however, these mobile options have
always been discarded due to a combination of security concerns, significant expenses, and local resistance to the
idea. For further discussion of the obstacles facing mobile US-based missiles, see Jeffrey Lewis, “Return of the Hard
Mobile Launcher,” Arms Control Wonk (14 June 2012), accessed 18 November 2020, <https://
www.armscontrolwonk.com/archive/205381/return-of-the-hard-mobile-launcher/>; Antonia Handler Chayes,
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Many victims apparently recovering suddenly suffer fatal relapse due to decomposition of white blood cells
and other internal injuries, now dying in great numbers. Estimated still over one hundred thousand
wounded in emergency hospitals located surroundings. Sadly lacking bandaging materials, medicines.11

Image adapted from Hans M. Kristensen and Matthew McKinzie, “Nuclear Deterrence, Nuclear War Planning, and Scenarios of
Nuclear Conflict,” briefing to Vienna Conference on Humanitarian Impact of Nuclear Weapons, 2014; Medical data from US
Department of Health and Human Services.

As a 1982 Cato Institute study estimated, even if––impossibly––no doctors or hospitals were
affected by the detonations, “there would be one doctor for every 50 or 100 injured, and between
10 and 30 patients per available hospital bed.”12 Any pre-admitted hospital patient would no
longer be able to receive proper treatment, and the millions of individuals exposed to harmful
levels of radiation would not be able to receive the transplants, transfusions, antibiotics, or
professional care necessary to keep them healthy. Medical and insurance records would largely be
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inaccessible, and individuals with radiation-weakened immune systems could easily become
carriers for other infectious diseases.13
American agriculture and food production would be severely disrupted by even a small number
of nuclear detonations. The same “breadbasket” states that would be most affected by a nuclear
attack on US ICBMs also happen to produce the majority of the United States’ wheat, corn, and
animal products, and collectively they produce approximately half of the United States’ total
caloric intake.14 In the context of a nuclear war, the land destruction and longstanding land
denial that would be visited upon these states would have extreme consequences for the rest of
the country for decades. National and regional food shortages––coupled with the likelihood of
regional hoarding and national social disorganization––could additionally lead to conflict
between food-producing states and states that have large populations but low levels of selfsufficiency.15
Additionally, several key industries would be similarly disrupted by nuclear detonations on
American soil, including the critical banking, energy, and manufacturing sectors. Regional and
federal governments would likely be forced to bail out entire industries, and, as the
aforementioned Cato Institute study suggested, “since individual, industrial, and even regional
economic stability would depend on which industries and plants were decontaminated and/or
received needed financial support first, implementing these governmental policies would be
politically explosive.”16
Nuclear detonations within the continental United States would also trigger unprecedented
population displacement. Tens of millions, possibly even hundreds of millions, would be forced
to evacuate irradiated zones, which would place additional burdens on US infrastructure, transit
pathways, and housing. The Cato Institute study estimated that “under a limited war scenario in
the United States, to absorb the evacuated population, the number of people living in a single
house or apartment in the host areas would have to increase six times (from three people to
eighteen). It is not hard to imagine the conflict and stress that type of crowding would create.”17
Even with the continued presence of land-based missiles, it is also highly unlikely that an
adversarial nuclear attack would be limited to just ICBM targets. Additional targets would likely
13
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include high-level military command and control centers––many of which are in or near cities––
nuclear bomber and submarine bases, leadership and military targets in Washington DC, and
possibly early-warning systems and strategic refueling bases dotted across the country.18 As a
result, it is safe to suggest that a strategic nuclear attack on the United States would be absolutely
devastating––with or without the presence of ICBMs.
The consequences of such an attack would not be limited to the United States. The smoke and
soot generated from a large number of nuclear detonations could generate “continental scale
smoke clouds” within just a few days, which could cause the global mean temperature to decline
by several degrees and could cause significant precipitation decreases, for a period of almost a
decade.19 It is expected that this global cooling phenomenon would dramatically increase ocean
acidification, which would in turn affect the global fishing industry and food security for millions
of people.20
International assistance in the event of such an attack would face significant operating
constraints. In 2013, the President of the International Committee of the Red Cross suggested
that “an effective means of assisting a substantial portion of survivors of a nuclear detonation,
while adequately protecting those delivering assistance, is not currently available at national level
and not feasible at international level. It is highly unlikely that the immense investment required
to develop such capacity will ever be made. If made, it would likely remain insufficient.”21
Moreover, as Campbell Craig suggests, “the question is not only how many Americans would
survive. It is also whether the United States as an identifiable political and social entity could
withstand it. Could it remain a liberal and democratic order in the aftermath of such
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devastation? If not, then the war would, by definition, be an absurdity: it would destroy the
objectives for which it was fought.”22
This is only a cursory examination of the social, economic, and environmental consequences of
nuclear war; however, these reflections demonstrate that individuals are, in fact, more vulnerable
to the indirect effects of nuclear war than to the detonations themselves. This is critical to the
broader examination of ICBMs, because if either Russia or the United States launched a
counterforce first strike against the other, the degree of national and international devastation
would be so intense that it would ultimately matter very little where the aimpoints were located––
whether near cities or in sparsely-populated areas.
To that end, reducing the overall number of aimpoints located on US soil––and thus, the
number of detonations that would be visited upon the United States in wartime––would
ultimately prove to be a much more worthwhile pursuit than adjusting their locations. The best
way to do this would be for the United States to pursue mutual ICBM force reductions with
Russia. However, Nobel laureate Thomas Schelling––considered by many to be the father of
nuclear arms control––suggests that the United States should not necessarily wait for Russia to
come to the table. In a 1987 piece where he called land-based missiles “an embarrassment” that
“give the entire deterrent force a bad name,” Schelling argued: “If we unilaterally dismantled our
land-based missiles, we would instantly deprive a large part of the Soviet land-based missile force
for its raison d’être. […] So if we cannot dismantle their land-based missiles by negotiation, we
may gain a lot by dismantling their targets instead.”23
ICBMs have significant limitations in addressing 21st century deterrence
challenges
Despite substantial reductions in the ICBM force over the past two decades, the Pentagon has not
offered a convincing articulation of why ICBMs have ultimately been retained in the US arsenal,
or what role these Cold War-era weapons are supposed to play in a post-Cold War security
environment.
The Nuclear Posture Review accurately states that Russia is the only nuclear-armed state with an
arsenal large enough to overwhelm the United States’ ICBM force.24 However, as the United
States increasingly seeks to factor China into its post-Cold War deterrence calculations, the
limitations of ICBMs relative to other elements of the US nuclear arsenal come into stark focus.
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On the whole, US ICBMs may not be particularly relevant to deterrence with either China or
North Korea. This is because the range and deployment locations of the US ICBM force would
force the missiles to fly over Russian territory, in the event that they were aimed at Chinese or
North Korean targets. As Bruce Blair, Jessica Sleight, and Emma Clare Foley suggest in Global
Zero’s “Alternative U.S. Nuclear Posture Review,” such an action “could too easily appear on
Russian radar screens as an attack directed at it and trigger a mistaken Russian launch in
response.” “To avoid such confusion and respect Russian territorial integrity,” they note, “U.S.
strategic submarines and bombers, rather than ICBMs, are assigned the nuclear mission against
China or North Korea in the absence of a simultaneous conflict with Russia.”25 This sentiment
was echoed in a 2017 Johns Hopkins Applied Physics Laboratory study on the future role of
ICBMs, where the authors noted that “ICBMs at the current bases are useful against Russia and
have little role beyond that unless flying over Russia is allowed.”26

Image courtesy of Global Zero.

It might be possible to pursue cooperative risk mitigation strategies with Russia to ensure that
launches over Russian territory would not be misconstrued––for example, through the use of the
Washington-Moscow hotline, which is reserved for secure communications at the highest level.
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However, even with such safeguards, overflying Russian territory would still be fraught with
significant risks. Over the past several decades, analysts have noted several instances in which
Russia’s early warning system incorrectly detected––or, in some cases, completely failed to
detect––North Korean missile launches.27 Given these shortfalls, it is reasonable to be concerned
with the prospect of US ICBMs flying over Russian airspace on their way to targets in China or
North Korea––and how Russian leadership might mistakenly interpret those launches.
Concerns with ICBM overflight have long been recognized by the US Air Force. In 2014, an Air
Force-sponsored RAND report described the issue in detail, and proposed three possible solutions
for consideration: enable the missile to conduct plane changes during its flight path; dramatically
increase missile mass in order to enable a “southern launch” strategy; and/or move the ICBM
bases to the coasts.28 However, none of these have been incorporated into the US ICBM
program to-date, possibly because altering the current predictable ICBM trajectories could, in
the words of the RAND authors, “turn any launch into a risky launch.”29 Additionally, the
authors of the 2017 Johns Hopkins Applied Physics Laboratory study noted that any of these
options would only be available at considerable expense.30
ICBMs are uniquely destabilizing weapon systems
ICBMs are often characterized as the most responsive leg of the triad in the event of a nuclear
crisis: “Unlike other legs of the triad, ICBMs are always on alert, and they can promptly strike
any target on Earth in 30 minutes or less,” writes one ICBM advocate. “Bombers and nuclearcapable fighter aircraft require hours to reach an intended target. SLBMs also generally take
more time, depending on their position.”31 Similarly, the 2018 Nuclear Posture Review suggested
that “ICBMs are the most responsive leg of the triad because they are in constant readiness and
communication can be achieved most expeditiously.”32
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Responsiveness was not unanimously considered to be a requirement for a stable deterrence
relationship, however. In fact, in the late 1950s, as the Air Force and the Navy battled over who
would exert more influence over US nuclear doctrine, the responsive nature of the vulnerable
ICBMs was specifically condemned by Navy leaders as dangerously escalatory. In the late 1950s,
Chief of Naval Operations Admiral Arleigh Burke––the most prominent voice in favor of
adopting a minimum deterrence, or “finite deterrence” posture––drafted a set of Navy talking
points about the Polaris SLBM which implicitly portrayed it in opposition to the Air Force’s
ICBM; one note in particular stated that “POLARIS will not lead to the build-up of
psychological ‘pressures’ to push the button first in fear that our reprisal capability might be
knocked out by surprise. This is important to permit stability during periods of international
tension which come and go.”33 Navy leaders had parochial interests for deriding the Air Force’s
ICBMs, as they sought to carve out piece of the nuclear budget for themselves; however, it is
notable that they specifically characterized the ICBMs as a destabilizing weapon system in order
to make their case.
At the time, however, institutional and political pressures were pushing US nuclear doctrine in
the opposite direction. In the wake of the USSR’s Sputnik success and the subsequent “missile
gap” controversy––which Eisenhower accurately described in 1960 as a “useful piece of political
demagoguery”––it was almost impossible to advocate successfully for fewer ICBMs.34 Despite the
incoming Kennedy administration’s respect for Polaris, the newly-embraced “counterforce”
doctrine of aiming at an adversary’s strategic forces, rather than its cities, won the day.35 This
doctrine would ultimately require the United States to deploy many more nuclear weapons, in
order to hold an increased number of targets at risk. In 1961, Secretary of Defense Robert
McNamara explicitly rejected Arleigh Burke’s concept of “finite deterrence,” and Burke retired
later that year.36
Particularly after the embrace of counterforce targeting, ICBM responsiveness was seen as the
key to maintaining the United States’ assured retaliatory capability: the missile’s “Minuteman”
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nickname was no coincidence. Given that Soviet ICBMs could reach their American
counterparts in 30 minutes or less, US military planners believed that the best course of action
would be to launch their own ICBMs in response to a Soviet first strike––before the Soviet
missiles hit their targets––in order not to lose them before they had a chance to use them.37 This
“launch-under-attack” posture, which Arleigh Burke had warned about decades previously,
became an explicit feature of US nuclear warfighting strategy in the late 1970s, and has endured
ever since.38
This posture was criticized by some administration insiders at the time. In a 1979 memorandum
addressed to National Security Advisor Zbigniew Brzezinski, NSC staffer William E. Odom
called launch-under-attack “unwise” and recommended removing it from the SIOP entirely,
primarily because “it has no targeting rationale other than to ensure escalation.” According to
Odom, in the event of a Soviet first strike, US ICBMs would be used to target now-empty Soviet
ICBM silos and conventional military targets. Therefore, concluded Odom, “[w]hat it would
achieve beyond provoking a major Soviet response, I fail to see.”39
Subsequent studies on the feasibility of launch-under-attack also noted that US command,
control, and communications were simply not good enough “to complete the process of warning
assessment, decision-making, and emergency action message dissemination in the time available
[…] between the first submarine-launched ballistic missile breakwater and attacks on command,
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June 1959), Top Secret, accessed via William Burr, ed., “Launch on Warning: The Development of U.S. Capabilities,
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control, and communications systems.”40 Although US nuclear command, control, and
communications (NC3) has significantly improved since the 1980s, the compressed decision-time
required to execute a launch-under-attack posture is the same as it has always been, and therefore
remains a cause for concern in contemporary nuclear policy debates. Although it would take
approximately thirty minutes for an ICBM to reach its target, much of that time would be lost to
threat detection, confidence assessments, and the launch procedures themselves––including
retargeting the ICBMs from the open ocean to their eventual aimpoints. This could leave the US
president with only a few minutes to make a launch decision, and once launched, ICBMs can
neither be recalled nor retargeted.41
Deciding to launch US ICBMs under these conditions would be the most impactful decision in
human history––it might very well decide the fate of civilization as we know it. No matter how
competent the president is, it is unfathomable that a single individual would be able to make a
rational decision under these extraordinary circumstances, especially given the irrationality of the
system itself and likelihood of a false alarm. Potentially catastrophic false alarms are more
common than one might think––between 1977 and 1984, the Department of Defense
acknowledged the occurrence of 1,152 “moderately serious” false alarms, averaging almost three
false alarms per week.42 In his autobiography, An American Life, Ronald Reagan wrote about how a
potential false alarm could intersect with the President’s compressed decision time to create a
nuclear crisis out of thin air: “Six minutes to decide how to respond to a blip on a radar scope and
decide whether to unleash Armageddon!” he wrote, “How could anyone apply reason at a time
like that?43
As President Reagan’s comments suggest, the United States’ Cold War-era guidance for nuclear
retaliation biased––or “jammed”––the President towards quickly authorizing a nuclear strike. As
General Lee Butler, former commander of US Strategic Command, suggests, “Our policy was
premised on being able to accept the first wave of attacks… Yet at the operational level it was
never accepted… They built a construct that powerfully biased the president’s decision process
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toward launch before the arrival of the first enemy warhead… a move in practice to a system
structured to drive the president invariably toward a decision to launch under attack.”44
One strand of deterrence theory suggests that a compressed decision timeline is precisely what
keeps the nuclear peace. As the thinking goes, if an adversary knows that launching its missiles
will immediately trigger nuclear retaliation, then it will be deterred from launching in the first
place.45 This argument implies that deterrence rests upon the immediacy of the retaliation––rather
than the prospect of retaliation itself.
This line of thinking, however, can be challenged by a competing strand of deterrence theory,
which suggests that the simple assurance of a nuclear second strike––regardless of whether it
arrived minutes, hours, or days later––would be enough to deter a pre-emptive nuclear strike. As
Soviet Premier Nikita Khrushchev once said, “Missiles are not cucumbers; one cannot eat them,
and one does not require more than a certain number in order to ward off an attack.”46
To that end, in 2013 President Obama directed the Pentagon to reduce the number of
circumstances under which the United States would rely on launch-under-attack, with the full
support of US Strategic Command and the Joint Chiefs of Staff.47 Jon Wolfsthal, former senior
director at the National Security Council for arms control and nonproliferation, subsequently
described the implications of this decision as follows: “By openly stating that the United States
could, and would, sacrifice its ICBMs in a conflict and still fulfill its missions, the country signaled
the reliability and strength of its retaliatory forces.”48
ICBMs would not be necessary under a revised nuclear posture
Given the inherently destabilizing nature of the ICBM force, the United States should consider
shifting its nuclear posture to further reduce the pressure on the President to launch promptly in
a crisis. Such a shift would amount to a global security imperative.
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This could be done by eliminating the requirement to pursue preemptive, damage-limiting
nuclear strikes––the role that the ICBMs have historically fulfilled in US nuclear strategy. This
would prioritize the role of ballistic missile submarines––the most “survivable” leg of the triad––
in ensuring that the United States is able to “ride out” a nuclear attack, accurately assess damage,
and still maintain an assured retaliatory capability.
Under this revised nuclear posture, the United States’ deterrence credibility would largely be
conferred by the survivability of its nuclear command, control, and communications (NC3)
infrastructure, because a crippling attack on US NC3 could prevent the President from ordering
retaliatory strikes from US SSBNs. Therefore, as George Perkovich and Pranay Vaddi suggested
in a 2021 report for the Carnegie Endowment for International Peace, adopting such a posture
would require significant investments to establish an adequately hardened and redundant NC3
infrastructure, in order to ensure that the United States’ SSBNs would still be able to retaliate if
an adversary attempted to strike first.49
In a 1993 report, the Government Accountability Office found that “C3 to SSBNs is about as
prompt and as reliable as to ICBMs, under a range of conditions,” indicating a high level of
confidence in the durability and effectiveness of the sea-based nuclear force.50 Additionally, the
authors of a 2012 Global Zero report––which included a former NATO Supreme Allied
Commander Atlantic, a former Secretary of Defense, two former US ambassadors, and a former
Commander of US Strategic Command––additionally noted that due to technological advances
in higher-frequency communications modes, “[t]he past clear-cut superiority of ICBM over
SSBN communications for wartime dissemination of emergency action messages no longer
exists.”51
That being said, a modernized NC3 infrastructure––which the Pentagon plans to build for
approximately $77 billion over the next decade––would help strengthen the conditions under
which the United States could shift away from damage-limiting nuclear strikes.52 In a 2018 study,
Bruce Blair, Jessica Sleight, and Emma Clare Foley suggested that in this regard, specific attention
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should be paid to improving the very-low-frequency trailing wire antennas attached to airborne
command posts like E-6B Mercury aircraft, as well as extremely-high-frequency satellite links––
both of which enable secure communications between high-level military and civilian authorities
and the submarines at sea.53
Such investments would help strengthen the United States’ deterrence credibility, because as long
as an adversary lacked confidence in its ability to destroy every US nuclear submarine or cripple
the US NC3 network, a stable deterrence relationship would theoretically hold. Under such a
posture, any attempted first strike on US strategic nuclear forces would likely still leave the
majority of the US ballistic missile submarine force relatively unscathed and ready to launch.
Being generous to the attacker, one could surmise that a surprise attack on the United States’
strategic submarine ports could disable up to six boats. This scenario would still leave at least
eight Ohio-class submarines ready to launch approximately 720 nuclear warheads in
retaliation––more than double that of China’s entire nuclear arsenal.54
The aforementioned DOD/DNI 2012 report to Congress arrived at a similar conclusion when
assessing the effects of Russia deploying additional warheads above New START limits: “The
Russian Federation […] would not be able to achieve a militarily significant advantage by any
plausible expansion of its strategic nuclear forces, even in a cheating or breakout scenario under
the New START Treaty, primarily because of the inherent survivability of the planned U.S.
strategic force structure, particularly the OHIO-class ballistic missile submarines, a number of
which are at sea at any given time.”55
Eschewing preemptive, damage-limiting nuclear strikes would also expand presidential decisiontime from just a couple minutes to several hours, or even days. This is effectively the nuclear
doctrine of the United Kingdom, which possesses only four nuclear-armed ballistic missile
submarines and ordinarily deploys only one at sea.56 To safeguard against the degradation of its
NC3 in wartime, the United Kingdom uses a system of handwritten letters to command its
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submarines in the event of an adversarial first strike that incapacitates the country’s leadership.
On their first day in office, the Prime Minister is expected to offer preplanned instructions
regarding the United Kingdom’s nuclear response, which are said to include options like “Put
yourself under the command of the US, if it is still there,” “Go to Australia,” “Retaliate,” or
“Use your own judgment.”57 Although the United Kingdom’s deterrence environment is
markedly different than that of the United States, this is a useful example of how NC3 safeguards
can be implemented to strengthen a deterrence posture without ICBMs.
Another example of such a safeguard could involve implementing a system of “decide-underattack,” proposed by former Vice Chairman of the Joint Chiefs of Staff Admiral James A.
Winnefeld. Under this option, the President could order a preplanned, delayed retaliation in
response to an adversarial first strike. This would still allow retaliatory forces to carry out the
President’s orders if they were not recalled by a pre-specified time, but it would also allow the
President some additional time to revise or cancel those orders in the event of a false alarm or an
exaggerated initial attack assessment.58
Eschewing damage-limiting nuclear strikes would not sacrifice the United States’ ability to launch
nuclear weapons quickly in a crisis, if the President chose to do so. Despite the Nuclear Posture
Review’s characterization of ICBMs as “the most responsive leg of the triad,” submarinelaunched ballistic missiles can reach their targets on approximately the same timelines.59 In 1993,
a Government Accountability Office report on the US nuclear triad stated that “compared to
ICBMs, no operationally meaningful difference in time to target was found,” further noting that
“SSBNs are in essentially constant communication with national command authorities and,
depending on the scenario, SLBMs from submarine platforms would be almost as prompt as
ICBMs in hitting enemy targets.”60
This finding has been echoed by the aforementioned Global Zero report’s authorship of highranking former defense officials, who collectively noted in a 2012 study that there is only a tenminute difference between ICBM and SLBM launch times.61 Moreover, the authors of a 2021
Institute for Defense Analyses study suggested that under certain circumstances, it is possible that
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SLBMs could have shorter flight times than ICBMs, due to the proximity between their “hard
alert” patrol areas and their targets.62 An example of how this could manifest in a wartime
scenario took place in March 2005, when the USS Tennessee (SSBN-734) test launched a Trident
II D5 SLBM on a heavily compressed trajectory, with impact occurring only 12 to 13 minutes
after launch.63
As such, it appears that the targeting requirements for prompt launch capabilities could be
satisfied by the ballistic missile submarine force, which has a distinct advantage over the ICBM
force given that its survivability is not in question. Furthermore, the responsiveness of the seabased forces appears to satisfy several former officials who were once responsible for the US
strategic deterrent.
Additionally, it is important to note that the accuracy disparities between ICBMs and SLBMs
that were apparent during the Cold War have not existed for several decades. In 1983, Richard
Garwin suggested that “it is true that ICBM-range SLBMs […] can now be given accuracy
equivalent to that specified for the land-based MX.”64 Given that the destructive potential of the
SSBN force has dramatically improved with the introduction of the new hard-target kill “superfuze,” it is difficult to identify a wartime scenario––including a hard-target kill scenario––where
the ballistic missile submarine force, operating in conjunction with other US conventional and
nuclear deterrence systems, would be unable to accomplish the mission of the ICBM force.65 It is
worth noting here that throughout the development of Trident, the Pentagon explicitly pushed
the Navy to increase the accuracy and throw weight of its SLBM force as a means of “hedging
against dependence on ICBMs;” in a May 1976 memorandum to the Secretary of the Navy, the
Deputy Secretary of Defense, W. P. Clements, Jr., noted that such improvements would
“[encourage] consideration of options to expand our SLBM capability against the full spectrum
of the target system.”66
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If the United States achieved an acceptable level of confidence in its ability to assure
retaliation––which would be conferred through a modernized NC3 architecture and the
potential adaptation of NC3 safeguards like the United Kingdom’s “letters of last resort” or
“decide-under-attack”––then launch-under-attack would no longer be required to assure
retaliation. This would allow the United States to forego damage-limiting nuclear strikes and
reduce or eliminate the ICBM force entirely, without sacrificing its retaliatory capability.
ICBM advocates note that advances in anti-submarine warfare or ballistic missile defenses could
bolster an adversary’s confidence in weathering a reduced US retaliation; however, at present
neither technology is remotely advanced enough to meaningfully change this calculus.67 One
longstanding concern––that the survivability of the SSBN force could be challenged in the
future, thus requiring the maintenance of the ICBM force as a “hedge”––is considered in greater
detail below.
ICBMs are not needed to hedge against submarine vulnerability
Both the 2010 and 2018 Nuclear Posture Reviews suggested that an ICBM force is needed “as a
hedge against any future vulnerability of US SSBNs,” and that “[r]etaining sufficient force
structure in each leg [offers] the ability to hedge effectively by shifting weight from one Triad leg
to another if necessary due to unexpected technological problems or operational
vulnerabilities.”68 As the argument goes, if technological innovation suddenly renders US SSBNs
vulnerable to a first-strike, or if unanticipated technical defects temporarily ground part or all of
the SSBN fleet, then the ICBM force is the only thing preventing an adversary from disabling the
United States’ entire retaliatory capability.
Given the unlikelihood of a modern-day “bolt-from-the-blue” first strike, the grounding of the
SSBN force in peacetime would be an unlikely precursor to nuclear war. However, as Bruce Blair,
Jessica Sleight, and Emma Clare Foley suggested in Global Zero’s 2018 “Alternative U.S. Nuclear
Posture Review,” the maintenance of strategic bombers could provide a useful hedge against
these unanticipated technical challenges:
[A] capable hedge might consist of a mixed fleet of 40 to 70 heavy bombers (B-52H, B-2A, and B-21
Raider, which is still in development) armed with ALCMs, B61 gravity bombs, conventional cruise
missiles and, optionally, the new air-launched long-range standoff (long-range standoff, or “LRSO”)
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cruise missile. The fleet size would vary from a low of 40 aircraft for a deterrence-only hedge to 70 for a
deterrence-plus-warfighting hedge.69
Additionally, a 2017 analysis from the Johns Hopkins Applied Physics Laboratory noted that “if
on maximum nuclear alert, it is likely that most, or perhaps all, US nuclear bombers would get
airborne in time to survive.”70 Although the United States does not currently keep its bombers on
maximum nuclear alert in peacetime, this status would likely shift in the event of a prolonged
nuclear crisis. Therefore, unless an adversary launched a truly surprising “bolt-from-the-blue”
massive attack––an unthinkable prospect in the post-Cold War era, as today’s nuclear crises are
much more likely to stem from protracted periods of rising tensions and possible conventional
military action––it is likely that a sizable portion of the US nuclear bomber force would be
capable of conducting a retaliatory strike in a crisis.
Turning to the second argument in favor of using ICBMs as a hedge––that adversarial
technological innovation could challenge the survivability of the US SSBN force––it is important
to note that fears of a “transparent ocean” are not new, and have often been explicitly employed
to defend against any proposed reduction to the ICBM force. Despite the United States’
unrivaled superiority in anti-submarine warfare (ASW), Richard Garwin noted in 1983 that “in
the course of arguing in support of a land-based MX deployment, the Secretary and other
Defense officials have suggested that there might be an ASW breakthrough which would result in
the ‘oceans becoming transparent.’”71
Today, these same fears are being employed once again in defense of the Ground-Based Strategic
Deterrent––the replacement system for the current Minuteman III ICBM force. Despite the
United States’ unrivaled primacy in submarine stealth, there is much hype surrounding the
notion that technological advances––some uncertain combination of big data, artificial
intelligence, quantum computing, and unmanned underwater vehicles––could suddenly render
the oceans “transparent,” thus eroding the survivability of the US SSBN force.72 The only
reasonable defense against this, suggest many ICBM advocates, is the ICBM force––now and
forever––just in case.
These fears, however, appear to be exaggerated in several key respects.
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First, the United States’ Ohio-class SSBNs are among the quietest ballistic missile submarines on
the planet. As the 2018 Nuclear Posture Review states, “When on patrol, SSBNs are, at present,
virtually undetectable, and there are no known, near-term credible threats to the survivability of
the SSBN force.”73 The same cannot be said for other nuclear-armed states’ SSBNs; Russia’s
legacy SSBN fleet is noisier than its American counterpart, and China’s Type 094 boomers
remain noisy enough that analysts have questioned their survivability writ large.74
The next generation of US SSBNs––the Columbia class––is expected to be even quieter than the
current Ohio fleet. As opposed to the mechanical-drive propulsion trains deployed on current
Ohio class submarines, the Columbia class will include an electric-drive propulsion train, which
turns the boat’s jet pump using an electric motor, rather than a set of gears.75 In contrast to a
mechanical drive system, this electric motor can also be used to generate power that can be
diverted from the propulsion system to a non-propulsion system. As the Congressional Research
Service puts it, this is “roughly analogous to the arrangement in the ‘Star Trek’ science fiction
television series, in which the captain of the star ship can order the ship’s engineer to divert
power from the ship’s engines to its weapons or other systems.”76 These electric motors are
substantially quieter than the mechanical process used to turn older ships’ propellers. As a result,
the CRS assesses that “the significantly improved quieting promised by electric drive may be the
single most important benefit of electric drive to the Navy’s submarine community.”77
Not only will electric drive make the Navy’s Columbia-class submarines quieter, but they will also
make them more survivable in the event of an attack. As the Congressional Research Service
notes, “Electric drive makes it possible to more widely distribute elements of the propulsion
system around the ship, making it less likely that a single weapon might disable the entire drive
system.”78 Additionally, the decentralized and redundant nature of an electric drive system
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means that “distributed power sources can be rapidly reconfigured in the event of damage to the
ship to ensure a continued supply of electricity to vital systems.”79
Second, technology development is slow and does not occur in a vacuum. Due to long
development timelines and the intertwined nature of submarine-quieting and submarinedetection technologies, it is highly unlikely that the United States will be surprised by a new
detection technology without having already taken steps to mitigate its presumed effect.
This is precisely how the US Navy maintained such a tremendous advantage over its Soviet
counterpart during the Cold War: by specifically taking care, in the words of Owen R. Cote, Jr.,
to “solve the [anti-submarine warfare] problem against its own submarines.”80 For example, as
the United States’ Sound Surveillance System (SOSUS) underwater listening network came
online and underwent significant improvements in the early 1960s, these listening stations
discovered unwanted mechanical tonals during the USS Thresher’s early sea trials. This prompted
the Navy to eliminate these tonals for all of its future submarines, whereas the Soviets––who did
not try to create a Soviet version of SOSUS and therefore utilized submarine designs that were
not informed by ASW development––did not manage to eliminate them until the early 1980s.81
This continuous game of technological chess between US acoustic engineers has always been a
mainstay of US submarine and anti-submarine development. “Thus,” as Owen R. Cote, Jr.
writes, “when USS Columbia first deploys, it will represent one-half of the legacy of more than
50 years of intense, essentially continuous competition between American submarine designers
and American antisubmarine warfare sensors.”82
Third, the United States is actually more likely to achieve breakthroughs in these emerging
technologies than its competitors. In this respect, it is important to remember that not all
countries benefit equally from technology development. The development of underwater passive
acoustic surveillance systems, for example, was a game-changer in submarine warfare: it is the
closest historical example to the oceans becoming “transparent” that exists today; however, for
decades this technology was exclusively pursued by the United States, who therefore singularly
reaped the benefits. The oceans did not become universally “transparent” upon this technology’s
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development; instead, they became clearer for one country, while still remaining opaque for its
geopolitical rival.
At this current moment, given the United States’ significant and long-standing technological edge
in quieting and ASW technology, it is fair to suggest, as Cote does, that “no countries other than
the United States have the global presence and the full spectrum of anti-submarine warfare
capabilities needed to make even very quiet submarines potentially vulnerable.”83 Therefore, if
the oceans are going to be “transparent” for a particular country, that country will––once
again––probably be the United States. “With that in mind," writes Cote, “it is not the United
States that should be cautious about the viability of a new generation of SSBNs, but China.”84
Fourth, fears of a “transparent” ocean often fail to consider the United States’ uniquely favorable
geographical position relative to that of its nuclear-armed rivals. When Pacific-based US
submarines leave their port in Washington state, they are able to operate in a relatively
uncontested patrol area stretching from the west coast of the United States to New Zealand.
Within this area, there are no choke points that would draw US submarines into easily-targetable
patrol lanes, and all nearby land masses are either American territories or allies. As a result,
writes Cote, “For deployed Columbia-class submarines to become vulnerable, a means of initially
finding them in this vast space would need to be developed and deployed without the aid of local
land-based facilities for processing data from underwater sensor arrays, or any kind of persistent
surveillance by airborne sensor platforms given the vast distances involved. The prospects of such
a capability are vanishingly small.”85 Therefore, the long ranges of the United States’ Trident
submarine-launched ballistic missiles allow US SSBNs to patrol with a very high degree of
survivability, while being able to hold significant portions of China––possibly including Beijing––
at risk.
The same is not true for the current class of Chinese submarines, which is seriously hampered by
geographic limitations and cannot bring themselves within range of the continental United States
(except possibly Seattle or Portland, with the development of China’s JL-3 SLBM) without sailing
through dangerous choke points currently controlled by the US Navy.86 As a result of these
geographical inequalities, any advanced detection technology eventually deployed by a US
nuclear rival is unlikely to have much––if any––impact on US SSBNs; they are much more likely
to affect forward-operating US attack submarines, which do not carry nuclear weapons.
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Lastly––and most crucially––finding a submarine is easier than destroying one. Even if an
adversary were able to detect, track, and target a US ballistic missile submarine, destroying it is
another matter entirely. There are only two places where a submarine’s precise location could be
reasonably identified in a crisis: in port, or immediately following the launch of one of its
missiles. At any given time, twelve of the Navy’s fourteen Ohio-class SSBNs are considered
“deployable:” an average of eight or nine boats are normally at sea, four or five of which are
believed to be on “‘hard alert’ within range and position of their priority target strike package,”
with most of the remaining boats in port and able to deploy on relatively short notice.87
In the event of a conflict, all deployable US submarines are likely to leave port immediately and
travel to their “hard alert” positions. As Austin Long notes in an article for Lawfare, “At the
official cruising speed of 20 knots, the submarine can travel six miles in any direction in about 15
minutes.”88 Therefore, if an adversary intended to strike US submarine bases as the opening
salvo of a war, they would have only a few minutes to do so––and could potentially leave eight or
nine SSBNs at sea with anywhere between 720 and 1,440 warheads onboard, depending on their
load-out.
In a 1983 study, Richard Garwin dismissed the likelihood that an adversary would be able to
continuously track US strategic submarines, given the available countermeasures and “the acute
interest of an SSBN in knowing whether it (and its whole fleet of siblings) is held in trail.”
Garwin concluded that “it is inconceivable that a fleet-wide covert trailing operation could be
long maintained.”89 Although adversarial anti-submarine warfare capabilities have improved
since the 1980s, the complexities associated with a fleet-wide tracking operation remain highly
prohibitive. Even if an attacker were able to pinpoint the locations of every single one of these
submarines, the requisite patrol aircraft, surface combatants, and attack submarines needed to
destroy them would face significant logistical challenges. Maritime patrol aircraft would take
hours to reach their targets and would likely have to pass through contested airspace (including
air defense systems), while more proximate sea-based platforms would face attackers of their own
during wartime. Additionally, due to the similarities in speed between US and adversary
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submarines, attacking submarines would have to already be very close to US SSBNs in order to
fire upon them, which is “statistically quite unlikely,” notes Long.90
In addition to the deficiencies of these conventional platforms, any attempt to disable US SSBNs
using nuclear weapons is also likely to be unsuccessful. Firstly, as Long notes, an adversary would
have to fuze its own missiles to survive contact with the ocean and penetrate at a depth of at least
100 feet; given the tremendous speeds at which ballistic missiles re-enter the atmosphere, this is
not as simple as it sounds.91 Secondly, an adversary would have to fire enough missiles to cover all
of the possible locations that a US SSBN could travel during the time it would take for the
missiles to reach their target. In his 1983 study, Richard Garwin suggested that it would require
“23 single megaton warheads to destroy a single undecoyed SSBN detected at 5,000 km range on
a perfectly accurate acoustic surveillance system.”92 In a more recent study, Austin Long paints a
similar picture of just how demanding it would be for an adversary to disable a single US SSBN
using nuclear weapons, even if it could pinpoint its location after a US SLBM launch:
Assuming there is roughly a 10-minute delay from the time of U.S. SLBM launch to the time of Russian
missile launch, due to the challenge of detecting the launch (e.g. if there is cloud cover over the launch
point) and then a lag for retargeting, the U.S. submarine would have thirty minutes before Russian missiles
arrived and could move 12 miles in any direction. This expands the area Russian warheads would have to
cover to about 450 square miles. It would then require about 29 warheads to cover the area with 1500
psi. If the delay is 20 minutes, the requirement increases to about 50 warheads.93
As a result, it seems highly unlikely that––even if it could locate every American SSBN––an
adversary would gamble its continued existence on its ability to destroy every single one, given
that each individual SSBN carries an average load-out of approximately 90 nuclear warheads in
peacetime.94
In a 1993 report, the Government Accountability Office specifically addressed the everlasting
fears of “transparent oceans,” offering a damning interpretation for how they were being
weaponized by the Pentagon in order to justify continued investment in ICBMs:
We found that the Soviet threat to the weapon systems of the land and sea legs had also been overstated.
For the sea leg, this was reflected in unsubstantiated allegations about likely future breakthroughs in Soviet
submarine detection technologies, along with underestimation of the performance and capabilities of our
own nuclear-powered ballistic missile submarines. The projected threat to the sea leg was, however, used
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frequently as a justification for costly modernizations in the other legs to “hedge” against SSBN
vulnerability. Our specific finding, based on operational test results, was that submerged SSBNs are even
less detectable than is generally understood, and that there appear to be no current or long-term technologies
that would change this. Moreover, even if such technologies did exist, test and operational data show that
the survivability of the SSBN fleet would not be in question.95
In this regard, very little has changed between 1993 and the present day; despite the dubious
nature of the “transparent oceans” fears, these fears are currently being employed in service of
the Ground-Based Strategic Deterrent.96 However, as this chapter suggests, the Nuclear Posture
Review’s argument in favor of retaining ICBMs “as a hedge against any future vulnerability of
US SSBNs” does not hold much water.97
Abstaining from damage-limiting nuclear strikes is possible
Ultimately, the decision to revise nuclear employment guidance lies in the hands of the President.
If they sought to shift away from the United States’ longstanding doctrine to utilize ICBMs as a
damage-limiting measure, the military requirement to maintain ICBMs as a discrete targeting
option would shift along with it.
As this chapter suggests, such a decision––in conjunction with a modernized NC3 architecture to
ensure SSBN survivability––would mitigate the dangers associated with the current deployed
ICBM force. Ultimately, the risks associated with such a shift would be less consequential than the
risks of maintaining the current force posture, and therefore this course of action should now be
considered in light of significant budgetary pressures and the challenges associated with adapting
these Cold War-era weapons into the post-Cold War security environment.
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iII. the enhanced capabilities of the postcold war icbm force
Although the United States reduced its ICBM force by more than half of its launchers and over
80 percent of its attributed warheads after the Cold War ended, it was generally accepted that
ICBMs would remain part of the US nuclear deterrent, despite the lack of a clearly-articulated
strategic rationale for their sustainment in a post-Cold War era.
The Clinton administration’s Nuclear Posture Review working groups, convened by future
Secretary of Defense Ash Carter, considered several proposals that would have eliminated the
ICBM force entirely––including Carter’s suggestion to adopt a “monad” of 10 submarines
carrying 24 Trident missiles with six warheads each––however, these proposals were quickly shot
down.1 In fact, it appears that STRATCOM even collected background information on Carter
and expressed concern over his “less-than favorable long-term outlook for nuclear weapons” and
long-term visions of "complete denuclearization.”2
Things did not change under the George W. Bush administration, despite its emphasis on
conventional weapons and its interest in nuclear weapons reductions. Indeed, as a Congressional
Research Service report notes, while President Bush’s Nuclear Posture Review sought the
retention of all three “legs” of the nuclear force, the document “did not, however, offer a
rationale for this traditional ‘triad’”––despite the dramatic changes to the post-Cold War security
environment.3
In truth, just as the United States created the ICBM force––in the words of sociologist Donald
MacKenzie––“without any agreed understanding […] of why it was doing so,” the ICBM force
was sustained and upgraded after the Cold War ended with a similar absence of agreed logic.4 As
a result, although the United States did retire its Peacekeepers and Minuteman IIs during these
decades, it simultaneously subjected the Minuteman III force to a series of incremental
modernization programs in order to keep the aging weapon system operational until 2030.
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These were not simply life-extensions, however. A closer examination of the major post-Cold
War Minuteman III modernization programs reveals that, in many cases, the Air Force sought to
replace systems that did not necessarily need replacing, in order to significantly enhance the
missiles’ warfighting capabilities. These upgrades––which included improvements to the
Minuteman III force’s guidance systems, re-entry vehicles, fuzing, and rapid retargeting
capabilities––were driven less by strategic requirements and more by an institutional desire to
continuously improve the weapons in the US arsenal. As a result, many of these modernization
programs were conducted despite criticisms from both internal governmental agencies and
external analysts.
Guidance Replacement Program (GRP)
In the early 1990s, the Air Force sought to upgrade the Minuteman III’s guidance system,
specifically with an intent to replace both the electronic components of the missile guidance set
control and the inertial measurement instruments contained within the gyro-stabilized platform.5
At the time, Pentagon officials claimed that these upgrades were necessary in order to improve
the Minuteman III's accuracy, and because “current electronics components continue to degrade
and are projected to become unreliable as early as 1997 and unsupportable as early as 1998.”6
A June 1993 study by the Government Accountability Office, however, stated the opposite.
Specifically, the GAO noted that the Air Force's own assessments “are not identifying any
Minuteman III missile guidance set system-level performance concerns. To the contrary, for the
last several years the Minuteman III missile guidance set flight reliability has improved.”7 The
study further assessed that “missile guidance set failure rates have remained at an acceptable
level, with no adverse failure rate trends,” and quoted a previous Air Force study which suggested
that “there is no conclusive evidence of degradation within the Minuteman III missile guidance
set that cannot be corrected on a case-by-case basis.”8

The navigation systems for all three generations of Minuteman ICBMs have used inertial guidance, meaning that
the Missile Guidance System can calculate the position of the missile through onboard sensors without relying on
external references or communications. The lack of ground communication with the guidance system after launch
means that once the missile is in the air, its planned trajectory cannot be altered and thus cannot be recalled. For
more information, see “Minuteman Weapon System History and Description,” ICBM Prime Team (July 2001), p. 49.
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In response to the Air Force's claim that the guidance system’s electronic components would
become unreliable by 1997, the GAO responded individually to each of the Air Force's concerns,
concluding that “the most troublesome electronic problems are in the process of being corrected
as units are returned to the guidance repair facility for maintenance or other reasons, and the
seriousness of the remaining anomalies is not apparent.”9
The GAO study additionally questioned the Air Force's desire to improve the Minuteman III’s
accuracy to match that of the Peacekeeper ICBM, which was scheduled to be retired beginning
in 2003. Noting the new requirements of START I and II––of which the latter had been signed
only months earlier––the GAO stated that the Pentagon had not adequately determined whether,
or how many, US nuclear weapons still needed to have a hard-target kill capability.10 And if so,
could that requirement instead be satisfied by either the Peacekeeper ICBMs (which would soon
be retired) or the Trident II SLBMs?11 Absent an answer from the Pentagon, the GAO concluded
that the “Minuteman III Guidance Replacement Program Has Not Been Adequately Justified,”
titled its report as such, and recommended delaying the program altogether.12
Faced with two competing narratives––one, lacking evidence, suggesting that the guidance
systems would completely fail in five years and required accuracy improvements, and the other,
based upon a full year of technical assessments and interviews, suggesting the opposite––
Congress chose to fully fund the $1.6 billion Minuteman III Guidance Replacement Program.13
Initial production of the upgrade guidance systems began in 1998, and full-rate production of all
652 requested units began in 2000 and was completed in 2009.14
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Safety Enhanced Reentry Vehicle (SERV)
In addition to the GRP upgrade, the Pentagon continued to pursue an enhanced hard-target kill
capability for its Minuteman III ICBMs, despite the Government Accountability Office’s 1993
conclusion that such a pursuit had not been adequately justified.15
At the time of the GAO report’s 1993 publication, the START II agreement had just been
signed, and the United States had recently declared its intention to retire its 50 deployed
Peacekeeper ICBMs by the mid-2000s. The Peacekeeper, however, was the most accurate ballistic
missile in the United States’ arsenal; it was specifically designed to enhance the ICBM force’s
hard-target kill capability. Rather than retire this capability, as early as 1993 the Air Force was
considering options to replace the Minuteman III’s existing Mk12 reentry vehicles with the
Peacekeeper ICBM’s Mk21 reentry vehicle.16 This would sustain the ICBM force’s hard-target
kill capability beyond the Peacekeeper’s retirement––despite the GAO’s unanswered questions
about whether the Trident II SLBMs could satisfy this requirement instead, or whether a hardtarget capability was even necessary at all.17
Despite the GAO’s concerns, the Safety Enhanced Reentry Vehicle (SERV)/Mk21 RVs and W87
warheads were ultimately installed on 250 Minuteman III ICBMs across all three ICBM bases,
and today approximately 200 of them remain in the deployed force.18
Although the SERV program was billed as a safety measure due to the new emphasis on
configuring the missile fleet with insensitive high explosives, enhanced detonation systems, and
other safety features, it also had the practical effect of dramatically improving the Minuteman
III’s hard-target kill capability.19 The Peacekeeper––and its corresponding Mk21 reentry
vehicle––was the United States’ most accurate ICBM in its arsenal. To that end, the same
concerns that critics had about the Peacekeeper at the time of its development––that its hardtarget kill capability “is inconsistent with the U.S.-proclaimed policy of deterrence by threat of
assured-destruction retaliation, because a hard-target counterforce capability is only necessary for
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supporting preemptive-attack or first-strike postures”––were ultimately transplanted onto the
Minuteman III force via the SERV program.20
As a result, it is worth considering: if the sole purpose of the United States’ nuclear arsenal is, in
the words of President Biden, “to deter––and if necessary, retaliate against––a nuclear attack,”
then why does the United States continue to sustain and modernize nuclear systems––such as the
SERV––that are specifically designed for preemptive strikes?21
Rapid Execution and Combat Targeting (REACT) System
Until the mid-1970s, US missileers relied upon a highly laborious and time-consuming process in
order to retarget their ICBMs. In order to retarget the fleet, new targeting tapes would first have
to be cut at an offsite location away from the silos, then a three-person team would have to drive
out to each silo and physically swap the tapes––a process that would take several weeks to
complete.22
Between 1975 and 1977, the Air Force completed the installation of the Command Data Buffer
(CDB) system within each of its operational Minuteman III squadrons, which enabled remote
retargeting of the ICBMs from their respective Launch Control Centers for the first time.23 A
similar remote retargeting system––the Improved Launch Control System (ILCS)––was
implemented within Minuteman II squadrons a few years later.24 Despite these new systems,
however, retargeting the entire fleet with either CDB or ILCS still took approximately 20 hours,
and the process still relied upon pre-written war plans.25
This changed dramatically when the Rapid Execution and Combat Targeting (REACT) system
came online in the mid-1990s. REACT made it possible to retarget the entire fleet in under ten
hours, and––most critically––allowed missileers to continuously retarget individual missiles as
necessary. Although the upgrade was painted at the time as primarily a means of reducing crew
fatigue, it also further entrenched the idea of nuclear weapons as “flexible” tools that could be
called upon in warfighting scenarios––a strain of thought that continues to dominate nuclear
Jonathan E. Medalia, “MX Intercontinental Ballistic Missile Program,” Issue Brief No. IB77060, Congressional
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20
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deterrence thinking to this day. As William M. Arkin noted at the time, “the adaptability is so in
excess of any real requirement of deterrence it is hard to decide whether the program is merely a
humongous waste of money or whether it is a sinister undermining of ‘detargeting’ and other
confidence-building measures created at the end of the Cold War.”26
ICBM Fuze Modernization Program
Although a previously-considered plan to retrofit all Minuteman III ICBMs with the retired MX
Peacekeeper’s highly-accurate guidance systems did not come to pass, this has not prevented the
Pentagon from steadily increasing the accuracy of its nuclear delivery systems through other
methods, including the aforementioned SERV program, as well as through a planned upgrade to
the warheads’ fuzes.27
The ICBM Fuze Modernization Program is scheduled to produce a replacement for the Mk21
fuze for integration into the current Minuteman III force, as well as the GBSD follow-on force.
Although the Pentagon’s budget documents state that the new fuze will be “a form, fit and
functionally equivalent replacement for the Mk21 fuze,” in reality it is expected to significantly
improve the accuracy of the delivery system. This is because the new ICBM warhead fuzing
system will incorporate the same “super-fuze” technology that is being installed on Trident
SLBM warheads.28
Each new “super-fuze”––which will eventually be installed on all US SLBM and ICBM
systems––includes a new radar module and a path-length compensating module, which
reportedly allows the Arming, Fuzing, and Firing (AF&F) System to adjust its height-of-burst
point during its flight path. With previous “fixed” fuzes, the warhead would simply detonate once
it reached its pre-programmed burst height, regardless of whether the missile had accurately
delivered it to the target. With this new system, if the missile was going to fall short or long of an

26

Ibid, p. 68.

Elaine M. Grossman, “Top Secret U.S. Nuke War Plans Thwarted,” The Daily Beast (13 April 2017), accessed 12
February 2021, <https://www.thedailybeast.com/top-secret-us-nuke-war-plans-thwarted>.
27

According to Air Force budget documents, "The ICBM Fuze Modernization program will leverage technologies,
parts, components and development/production capabilities resulting from extensive fuze work performed by the US
Navy (USN) and NNSA on the Mk5/W88 Alt 370 Fuze program. Common USN & USAF fuze components include
the Radar Module, Thermal Battery Assembly and Path Length Module. USN & USAF fuze components that are
partially common and use common technologies include the Missile Interface and Controller Module, Launch
Safety Device, Firing Set Integration Module and Terminal Protection Device.” Department of Defense, “RDT&E
Budget Justification Sheet: 0604933F ICBM Fuze Modernization,” Justification Book Vol. 2: Research,
Development, Test & Evaluation, Department of the Air Force (February 2020), pp. 697-705, accessed 10 February 2021,
<https://www.saffm.hq.af.mil/Portals/84/documents/FY21/RDTE_/
FY21%20Air%20Force%20Research%20Development%20Test%20and%20Evaluation%20Vol%20II.pdf ?
ver=2020-02-12-145218-377>.
28

51

siloed thinking: A closer look at the ground-based strategic deterrent

intended target, the AF&F would measure its own altitude 60 to 80 kilometers in advance of
impact, and manually adjust its own height-of-burst in order to cause maximum damage.29
Although this may seem like a relatively minor technical adjustment, it amounts to a revolution in
accuracy. Hans Kristensen, Matthew McKinzie, and Theodore Postol––the analysts who first
documented the “super-fuze” system in 2017––estimate that with regards to the Navy's
warheads, this flexible height-of-burst system is “boosting the overall killing power of existing US
ballistic missile forces by a factor of roughly three.”30
As Kristensen, McKinzie, and Postol write, “Eventually, super-fuze upgrades will make it possible
for every SLBM and ICBM warhead in the US arsenal to perform the hard-target kill missions
that were initially envisioned to be exclusively reserved to MX Peacekeeper ICBM warheads.”31
This finding has dramatic implications for the future of US-Russian first-strike stability; in the
midst of a crisis or a misunderstanding, Russian leadership might rapidly assess that the United
States has the means and motive to launch a decapitating first strike with its hard-target-kill
ICBMs and SLBMs, and respond in kind.
The Pentagon initially intended to purchase 693 of these new super-fuzes to replace the legacy
fuzes within the reentry vehicles of the existing Minuteman III fleet; however, now that these
super-fuzes are also slated to be incorporated into the eventual GBSD force, it is clear that this
procurement effort will grow substantially over the coming decade.32 Two test launches of
Minuteman III ICBMs equipped with the new super-fuzes have already taken place, with the
final two tests planned for 2022 and 2024.33
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The Pentagon’s flawed assessment metrics
As a result of these upgrades, Air Force analysts have described these 50-year old Minuteman IIIs
as “basically new missiles except for the shell.”34 However, this chapter posits that some of these
modernization programs may not have been necessary, suggesting that the Pentagon has
demonstrated a pattern of seeking out unnecessary upgrades to its weapon systems––even when,
in the words of the Government Accountability Office, such upgrades had “not been adequately
justified.”35
Given these underlying concerns, why did these upgrades take place, and––in the case of the
ICBM Fuze Modernization Program––why do they continue to take place? The Government
Accountability Office’s 1993 evaluation of the nuclear modernization program suggests that the
main driver might be the Pentagon’s flawed assessment mechanisms. To illustrate this point, the
following statement by the GAO’s then-Assistant Comptroller General Eleanor Chelimsky is
quoted at length:
In comparing performance and cost across the legs and weapon systems of the triad, we were concerned to
find little or no prior recent effort by DOD to do what we were doing––that is, evaluate comprehensively
the relative effectiveness of similar weapon systems. Yet such agency evaluation is critical if limited budget
dollars are to be concentrated on programs that are both needed and effective.
With regard to proposed upgrades, we found many instances of dubious support for claims of their high
performance; insufficient and often unrealistic testing; understated cost; incomplete or unrepresentative
reporting; lack of systematic comparison against the systems they were to replace; and unconvincing
rationales for their development in the first place. Where mature programs were concerned, on the other
hand, we often found that their performance was understated and that inappropriate claims of obsolescence
had been made. […]
Perhaps the most important point here is that comparative evaluation across the three legs of the triad--and
between individual weapon systems and their proposed upgrades--has been signally lacking. This is
unfortunate because it deprives policymakers in both the executive branch and the Congress of information
they need for making decisions involving hundreds of billions of dollars.36
Chelimsky’s statement further noted that the Pentagon tends to evaluate specific weapon systems
in vacuums: “But examining whether a weapon system meets its specifications cannot get at
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larger evaluative questions like (1) whether the mission to be addressed by a proposed new system
is already adequately handled by capabilities existing elsewhere in the triad, or (2) whether that
new system has the capability to improve significantly on existing performance, and at what
relative cost.”37
The Pentagon’s own assessment of its ICBM fleet is no exception. Examining the history of postCold War ICBM modernization programs, it appears that the Department of Defense has often
chosen to upgrade its missiles without taking into account whether particular requirements could
be filled by other systems––or whether those requirements were indeed necessary at all. As
Chelimsky’s statement noted, in the case of evaluating the vulnerability of its ICBMs, the
Pentagon “did not recognize the existence of sea and air-leg deterrence––that is, the likelihood
that the Soviets would hesitate to launch an all-out attack on the ICBM silos, given their inability
to target submerged U.S. SSBNs or on-alert bombers and their thousands of warheads that could
be expected to retaliate.”38
Today, this same kind of siloed thinking permeates the discourse over the Ground-Based
Strategic Deterrent––the Pentagon’s replacement program for the Minuteman III ICBM. When
considering the ICBM leg with blinders on, expensive and unnecessary upgrades and
replacements ad infinitum can seem like the obvious course of action. However, as the previous
chapter of this report explores at length, adopting a systems analysis approach to nuclear
deterrence suggests that certain capabilities of the proposed GBSD fleet can be filled by other
weapon systems––and might not even be necessary at all.
These blinders are not simply conferred by Pentagon bureaucracy, however. It is also the result of
close economic ties between US lawmakers, military contractors, and the Pentagon––a system
which generally rewards ever-increasing and often redundant military investment. The following
chapter explores this system––exemplified by the influence of the Senate ICBM Coalition––in
depth.
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iV. “Pork and Butter:” The Influence of the
Senate ICBM Coalition
Although the causal relationship between military investment and economic growth had long
been understood prior to the development of intercontinental ballistic missiles, their deployment
was a game-changer for the missiles’ host communities––and especially for the politicians that
represented them.
In the 1960s, Strategic Air Command realized that technological and logistical limitations would
force them to deploy their new Minuteman ICBMs at existing Air Force bases in the Midwest––
areas of the United States that had received significantly less government investment than their
coastal counterparts.1 At the time, Air Force bases across the country were losing their WWII-era
bomber missions in favor of a new emphasis on land-based missiles, and most of these bases were
tightly enmeshed with the local economies of their host communities. As Gretchen Heefner
writes in The Missile Next Door, these communities began to see ICBM deployment as “an
insurance of a sort, a policy taken out on the local Air Force base […] If missiles were the future
of the Air Force, then a base with missiles had a future.”2
As the missiles were deployed, residents of the missile fields began to see first-hand how an ICBM
base could transform previously-underfunded communities. As Heefner writes, “The needs of
the missile facilities were years––if not decades––ahead of local capabilities.”3 The missiles could
not travel to and from their bases on unpaved roads, so the Pentagon would subsidize the costs of
paving them. In similar fashion, crumbling bridges were rebuilt, telephone lines were repaired,
and power stations were constructed on the government's dime.4 It is worth reflecting on the fact
that many of these Midwestern communities had lived without these basic necessities for
decades, and it was the demands of the missiles––not the residents––that ultimately triggered
government intervention. “As many Americans were coming to understand,” writes Heefner,
“national security dollars could make the difference between the haves and have-nots; between
those regions that advanced and those that remained mired in the agrarian past.”5 As a result, it
is easy to empathize with residents like Rapid City’s Almon “Hoadley” Dean, who wrote to his
Gretchen Heefner, The Missile Next Door: The Minuteman in the American Heartland (Cambridge, MA: Harvard
University Press, 2012), pp. 56-59.
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Senator in 1966 to ask for “'50 more missiles’ […] ‘possibly aimed at Peking’” to be deployed at
his local Air Force base, specifically because “‘our Rapid City community needs this shot in the
arm.’”6 In many ways, military investment was the only way to get the government to pay
attention to a local community’s needs.
No one understood this reality better than politicians, who recognized that if they could secure
ICBM bases in their districts and bring the defense “pork” home, they would be subsequently
rewarded at the polls. To that end, lawmakers did everything they could to bring these new
missiles to their constituencies. In one particularly infamous case, Missouri Senator Stuart
Symington wrote to General Thomas Power, head of Strategic Air Command to ask, “Dear
Tommy, why can’t we have one of the missile bases in Missouri?”7 Symington, previously the first
Secretary of the Air Force, was heavily tied to weapons contractors, and his exemplification of
the then-unique links between business, politics, and the military was one of the factors that
prompted President Eisenhower to issue his prescient warning about the dangers of
the “military-industrial complex.”8
After the Cold War, when the Soviet threat finally evaporated––and with it, much of the strategic
rationale for maintaining ICBMs––the role of politicians became particularly crucial in
preserving their ICBM bases ad infinitum. During the Clinton administration's Nuclear Posture
Review process––the only time when the elimination of ICBMs was seriously, although briefly,
considered––a collection of US senators successfully lobbied President Clinton to drop the issue
entirely.9 For decades afterwards––until very recently, in fact––the prospect of phasing out the
ICBM force was, politically-speaking, off the table.
Although the ICBM leg was not in danger of being eliminated immediately after the Cold War,
individual ICBM bases certainly were, especially since the United States was in the process of
retiring its Minuteman II and Peacekeeper ICBMs. Many of these bases––such as Ellsworth Air
Force Base (South Dakota) and Grand Forks Air Force Base (North Dakota)––were losing their
ICBM missions and were therefore in danger of being closed down during the Base Realignment
and Closure (BRAC) process.
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Being placed on the BRAC list was an existentially frightening prospect for residents and
politicians alike. Large numbers of jobs were at stake––not just at the bases themselves, but also
in the surrounding communities. Heefner quotes one ICBM community’s Chamber of
Commerce president on the indirect impacts of base closures: “A lot of people probably won’t
realize the impact until their soccer coach is gone and their Bible teacher is not here or their
teacher’s aide is gone.”10
Politicians’ jobs were at stake, too. It was no secret that the political futures of ICBM-state
politicians were largely dependent on their success in keeping their missiles in the ground. In a
huge upset in 2004, South Dakotans actually voted out their incumbent Democratic senator––
Tom Daschle, who was also Senate Minority Leader at the time––“largely because they thought a
Republican could better ensure a continued military presence in the state.”11 Political attack ads
specifically made connections between the fate of South Dakota’s Ellsworth Air Force Base––
which had recently lost its ICBM mission when the Minuteman IIs were retired––and the
upcoming election; one ad even went so far as to suggest that “A vote for Daschle is a vote against
Ellsworth.”12 When Ellsworth Air Force Base was eventually removed from the BRAC list in
2005, Senator John Thune––Daschle’s Republican replacement––and other South Dakota
politicians were treated “like rock stars.”13 In his next Senate race, Thune won re-election with
100% of the vote, with the Democrats declining to even run a candidate against the immensely
popular Senator.14
In subsequent decades, the ICBM issue has been used as a political cudgel for opposing
politicians to claim that they are best positioned to protect their bases. In 2012, in the middle of a
tight Senate race, Republican candidate Denny Rehburg sent out a mailer to Montanans
hammering his opponent, Democrat Jon Tester, for supporting the New START treaty, falsely
claiming that “The Obama START Treaty seeks to eliminate 150 missiles at Malmstrom.”15
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The success of the Senate ICBM Coalition
Today, the politicians that represent the missile fields work together on a bipartisan basis to
advocate for the indefinite sustainment of their ICBM bases. This group of lawmakers, known as
the “Senate ICBM Coalition,” consists of senators from the three ICBM host states––Wyoming,
Montana, and North Dakota––plus Utah, where ICBM sustainment and replacement activities
are headquartered at Hill Air Force Base. Occasionally, senators from Louisiana––the home state
of Air Force Global Strike Command––have also participated in the Coalition’s activities.16
Over the past 15 years in particular, the members of the Senate ICBM Coalition have played an
outsized role in dictating US nuclear force posture––occasionally even overriding the guidelines
set by US military leaders––in order to prevent any significant ICBM force reductions from
taking place.
Immediately after the George W. Bush administration announced its intention to deactivate
Malmstrom Air Force Base’s 564th Missile Squadron in 2006––thereby reducing the United
States' ICBM force from 500 to 450––the Senate ICBM Coalition helped inject several measures
into the FY2007 National Defense Authorization Act that temporarily stalled the reduction. Most
immediately, they required the Department of Defense to draft a "detailed strategic justification”
for the proposed reduction, “including an analysis of the effects of the reduction on the ability of
the United States to assure allies and dissuade potential competitors.”17
Additionally, the Senate ICBM Coalition also inserted an amendment into the FY2007 NDAA
which continues to have ramifications to this day: Section 139 directs the Secretary of the Air
Force to “modernize Minuteman III intercontinental ballistic missiles in the United States
inventory as required to maintain a sufficient supply of launch test assets and spares to sustain the
deployed force of such missiles through 2030.”18 This amendment proved to be incredibly
consequential because, as Air Force historian David N. Spires describes, “Although Air Force
leaders had asserted that incremental upgrades, as prescribed in the analysis of land-based
strategic deterrent alternatives, could extend the Minuteman’s life span to 2040, the
congressionally mandated target year of 2030 became the new standard.”19
Along with the regular eight Senate ICBM Caucus signatories from Montana, North Dakota, Utah, and
Wyoming, former Louisiana Senators Mary Landrieu and David Vitter also co-signed a 2009 white paper “on the
Criticality of the Intercontinental Ballistic Missile to United States Security,” available here: “The Long Pole of the
Nuclear Umbrella,” Senate ICBM Coalition (November 2009), <https://www.airforcemag.com/PDF/
SiteCollectionDocuments/Reports/2009/November%202009/Day10/Senate_ICBMcoalition_Nov2009.pdf>.
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October 2006), 120 Stat. 2115, <https://www.congress.gov/109/plaws/publ364/PLAW-109publ364.pdf>.
17

Public Law 109-364: John Warner National Defense Authorization Act for Fiscal Year 2007,” H.R. 5122 (17
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In other words, Congress––with the help of the Senate ICBM Coalition––overruled the Air
Force. This move likely accelerated the development of the Ground-Based Strategic Deterrent––
the Minuteman III's replacement program––because, through a single amendment, Congress
effectively shortened the ICBM’s modernization timeline by a decade.
In subsequent years, the Coalition increasingly went on the offensive. In 2009, as US-Russia New
START negotiations were drawing to a close, the Senate ICBM Coalition recognized that the
treaty could threaten the ICBM force. The proposed New START agreement would not dictate
the respective parties' force postures, it simply created ceilings for warheads and strategic delivery
systems. This meant that the Obama administration would theoretically have the leeway to
dramatically re-balance US nuclear forces, reducing certain delivery systems more than others if
desired.
In anticipation of the Senate vote on New START, the ICBM Coalition published a white paper
in November 2009 that clearly communicated their position to the Obama administration: they
would support the Treaty, but only if the United States committed to maintaining 450 ICBMs
equipped with one warhead each.20 The Coalition also lobbied the Obama administration to
spread any future ICBM cuts evenly among their states, a move which Jon Wolfsthal––who
supported the negotiation and ratification process for New START as then-Vice President Joe
Biden’s special advisor for Nonproliferation and Nuclear Security––subsequently described as
demonstrating “that these officials were concerned mainly with the economic impacts that ICBM
reductions, or even base closing, would have on their states––and not with the strategic or
military implications of reductions required under [New START].” “While it is not a surprise
that senators are protective of their states’ economic interests," Wolfsthal wrote in 2017, “nuclear
strategy should not be sacrificed at such an altar.”21
On 13 May 2010, the day of the ratification vote in the Senate, the Obama administration
delivered its rebuttal to Congress: the United States would eliminate 30 ICBMs, ultimately
retaining a force level of 420 ICBMs with one warhead each.22 Most members of the ICBM
Coalition found this to be acceptable, and later that day, the Senate ratified New START with 71
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Senators––and six members of the Coalition––voting in favor.23 Given that the ratification would
have failed if only five of these six senators had declined to support it, securing those votes was
ultimately necessary for the Obama administration.
In 2013, as it became clear that the Obama administration intended to further reduce the ICBM
force to 400, the Senate ICBM Coalition sprung into action once again. That year, Coalition
members sent incoming Secretary of Defense Chuck Hagel several letters. The first letter, sent in
January, criticized Hagel’s participation in Global Zero’s 2012 Nuclear Policy Commission
Report––which specifically recommended eliminating US ICBMs––and demanded further
clarification of his position on ICBMs in advance of his hotly-contested confirmation vote.24
Subsequent letters to Hagel, sent in September and December, were intended to demonstrate the
Coalition’s “strenuous opposition" to the Pentagon's intention to prepare an Environmental
Impact Statement on the elimination of ICBM silos. The environmental assessment would be
prepared as part of the New START implementation process; however, the Coalition called such
a move “premature” and noted that “[t]reaty terms do not require the destruction of a single one
of the 450 silos housing our Minuteman III force,” and that considering such an action “would
represent a serious breach of faith.”25
At the same time, Senator John Hoeven (R-ND) and Senator Jon Tester (D-MT)––two members
of the ICBM Coalition who also held influential positions on the Senate Appropriations
Committee––inserted amendments into the FY2014 defense appropriations bill that explicitly
blocked the Obama administration from conducting the environmental assessment that would be
legally necessary in order to reduce the number of ICBM silos. Specifically noting the
importance of the silos to their local communities, the ICBM Coalition stated that the
amendment was specifically designed “to bar the Defense Department from initiating any process

The Senate ICBM Coalition members who voted in favor of New START ratification were: Max Baucus (D-MT),
Jon Tester (D-MT), Kent Conrad (D-ND), Byron Dorgan (D-ND), Bob Bennett (R-UT). Coalition members who
voted against ratification were: Orrin Hatch (R-UT), John Barrasso (R-WY), Mike Enzi (R-WY). Louisiana’s Senate
delegation was split: Mary Landrieu (D-LA) voted in favor, while David Vitter (R-LA) voted against.
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that could result in the loss of these vital assets.”26 In a subsequent statement, Coalition members
specifically boasted about how they had overruled the Pentagon on the ICBM issue: “the Defense
Department tried to find a way around the Hoeven-Tester language, but pressure from the
coalition forced the department to back off.”27
Occasionally, the members of the Senate ICBM Coalition have relied upon their counterparts in
the House of Representatives to introduce and advance legislation, especially during periods
when the Republicans controlled the House but not the Senate. In 2013, for example,
representatives from Wyoming, Montana, North Dakota, and Utah inserted a “Sense of
Congress” amendment into the FY2014 National Defense Authorization Act, declaring that any
silos that would soon be emptied due to New START force restructuring should be kept “warm,”
so that the silos could be made fully operational on short notice.28 The amendment also noted
that “the distribution of any such warm-status silos should not disproportionately affect the force
structure of any one operational intercontinental ballistic missile wing”––once again
demonstrating that the Coalition’s main preoccupation was with economic interests, not
necessarily strategic ones.29 A nonpartisan budget watchdog, Taxpayers for Common Sense,
suggested that this was “a cynical move by members of the states where ICBMs are currently
deployed to maintain force structure at bases in their Congressional Districts.”30
Additionally, during the fight over New START force posture in 2013, representatives from
ICBM states helped kill an NDAA amendment that sought to reduce the number of ICBMs from
450 to 300. As Illinois Democrat Rep. Mike Quigley’s amendment was defeated by voice vote, he
took to the House floor to lambast his colleagues: “I’ve been here for four years, and I now
recognize what the Department of Defense is. It is our jobs program. I respect my colleagues
defending jobs in their district. But this isn’t about national security, it’s about job maintenance.

“ICBM Coalition Senators Press DOD to Retain Silos,” Office of Senator John Hoeven (28 February 2014), accessed
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That’s not what this is supposed to be about. If we’re going to spend money creating jobs, I want
to build bridges, schools, and transit systems.”31
In subsequent years, Congress––with the help of the ICBM Coalition––has been massively
successful in preventing the Department of Defense from fully determining its own nuclear force
posture. In 2015, the Coalition helped inject another provision into the FY2016 NDAA that
specifically prohibited the Pentagon from further reducing the alert level of the ICBM force, with
the exception of changes “that are carried out in compliance with the New START treaty.”32
The following year, they helped pass an expanded NDAA prohibition on reducing alert level and
the quantity of deployed ICBMs below 400––a provision that has since been included in every
subsequent NDAA to date.33 In 2017, they even went so far as to help pass a provision in the
FY2018 NDAA that prevented the Air Force from awarding an engineering and manufacturing
development contract for the GBSD that would reduce the number of fixed launch control
centers below current levels, unless the Commander of STRATCOM overruled it.34 This
provision, however, was not included in subsequent NDAAs and appears to have been
overridden, as the Air Force’s recent Environmental Impact Statement announcement indicates a
significant reduction in each missile wing’s launch control centers––from the current 15 to an
eventual eight per wing.35
These actions all proved to be highly consequential in determining US nuclear force posture
levels under New START. By the time that the treaty’s central limits came into effect on 5
February 2018, the reduction of the ICBM leg by 50 missiles (11%) was substantially smaller
than either the air (reduction of 45 bombers, or 48%) or sea (reduction of 133 missile launchers,
or 40%) legs of the triad. Given that the Pentagon’s earlier attempts to reduce the ICBM force
were thwarted by the Coalition, it is fair to suggest that this disparity in reductions can be directly
attributed to the actions of the ICBM Coalition.36
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In recent years, the ICBM Coalition has put particular pressure on military and civilian officials
in order to lock in––and even accelerate––the Ground-Based Strategic Deterrent program. In
2016, Coalition members sent a letter to then-Secretary of Defense Ash Carter asking him to
recommit to pursuing the GBSD program “as expeditiously as possible,” in light of concerns
“that the Administration now may consider steps to slow down modernization programs or
withdraw them from future year defense plans.”37 Later that year––facing the prospect of a
nuclear modernization review from the incoming Trump administration––the ICBM Coalition
published a white paper on “The Enduring Value of America’s ICBMs,” arguing that “[t]he
administration and Congress should reject any proposal to delay GBSD or extend the life of
Minuteman III beyond the currently-planned 2030 timeframe.”38 Riddled with flawed
assumptions, the white paper also claimed that ICBMs are necessary to deter China and North
Korea, despite the fact that ICBMs face serious limitations with regards to deterrence missions
against either country due to overflight concerns over Russian territory.39
During negotiations over the FY2020 NDAA, the ICBM Coalition’s allies in the House of
Representatives helped quash an amendment that called for an independent study on a lifeextension program for the Minuteman III.40 Three months later, the ICBM Coalition sent a
letter to Secretary of Defense Mark Esper with concerns over “recent calls to modify the GBSD
acquisition strategy,” and urging him to “ensure the GBSD program is not disrupted or
delayed.”41 The following year, ICBM Coalition ally Rep. Liz Cheney (R-WY) led the fight
against California Rep. Ro Khanna’s (D-CA) amendment to transfer $1 billion from the GBSD
program towards a national response to the ongoing Covid-19 pandemic.42
Letter to Secretary of Defense Ashton B. Carter, Office of Senator John Hoeven (8 July 2016), accessed 8 January 2021,
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The ICBM Coalition is generously funded by weapons contractors and other corporations that
stand to materially benefit from the GBSD program. A 2021 report by the Center for
International Policy revealed that between 2012 and 2020, major ICBM contractors contributed
approximately $1.2 million to the members of the Senate ICBM Coalition, and over $15 million
to members of the Senate and House Armed Services Strategic Forces Subcommittees and the
Senate and House Defense Appropriations Subcommittees––committees which play a direct role
in authorizing and appropriating funds for the ICBM force.43
Not only have weapons contractors dramatically influenced the ICBM process through campaign
contributions, but they have regularly conducted substantial lobbying campaigns in order to sway
critical votes in their favor.
Northrop Grumman––which was selected from an unprecedented single-source bidding process
in September 2020 to develop and build the new GBSD––employed 49 lobbyists in 2020, most
of whom came from previous positions in government.44 In collaboration with the teams from
other ICBM contractors like Lockheed Martin, Northrop Grumman’s lobbying team helped kill
the aforementioned 2019 NDAA amendment calling for an independent study on a Minuteman
III life-extension program. Rep. Mike Turner (R-OH), one of the most vocal opponents of the
amendment during that debate, received $376,910 in contributions from ICBM contractors
between 2012 and 2020.45
GBSD is not a useful avenue for job creation
As the debate over the Ground-Based Strategic Deterrent reaches new levels of intensity, its
proponents have leaned further into the economic justifications for the system's development. In
March 2021, Senator Jon Tester (D-MT), the new chair of the Senate Defense Appropriations
Subcommittee, said in an interview that given Montana’s position as an ICBM host state, he
supports the GBSD “from a parochial standpoint.”46 Additionally, Northrop Grumman claimed
in August 2020 that the development stage of the GBSD program will involve over 10,000 people
across 32 states; however, as the Center for International Policy’s William Hartung recently
suggested, “claims of the numbers of jobs and production locations for projects like the GBSD
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are often exaggerated,” further noting that “Northrop Grumman has failed to provide
documentation for its estimates.”47
In reality, the ICBM force does not create nearly as many jobs as its advocates often claim.
Analysis by Dr. Heidi Peltier of the Costs of War Project at Brown University shows that defense
investment is among the least productive of federal investment opportunities: while $1 million in
defense spending supports 6.9 jobs, the same amount directed towards clean energy and
infrastructure supports 9.8 jobs, health care supports 14.3 jobs, and education supports 15.2
jobs.48 Therefore, as the Costs of War Project report summarizes, “for the same amount of
spending, clean energy and infrastructure create 40 percent more jobs than the military,
healthcare creates 100% more, and education 120% more.”49 This is largely due to significant
discrepancies between the salaries of those working in the defense sector and those working in
comparable industries. For example, in 2020 the average salary for a mechanical engineer at
Lockheed Martin was $125,000; however, the median salary a mechanical engineer across all
industries was only $87,370.50 According to Dr. Peltier,
This pay discrepancy distorts the national labor market by making it more difficult for other firms, or for
the military itself, to compete. This is problematic because it signifies a loss or misallocation of human
capital, with workers seeking contractor employment and thereby contributing to war profiteering instead of
providing their services to the military or other socially important sectors of the economy. A talented
engineer, for example, might choose to work for Lockheed Martin rather than a renewable energy company
because of the higher salary.51
Further analysis from the Costs of War Project suggests that “For every billion that we shift from
defense to green manufacturing, we create a net increase of over 2,000 jobs,” and that shifting
$125 billion per year from the Pentagon budget would create a net increase of 250,000 jobs.52
This kind of economic conversion is already taking place in defense sector hubs like Huntsville,
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Alabama, known as the “Pentagon of the South.” In October 2020, a Southerly feature story
documented how a portion of Huntsville’s engineers and STEM specialists were leaving their
jobs at weapons companies to take new ones in the clean energy industry. One success story––a
former Tomahawk cruise missile engineer turned renewables CEO––reportedly spends very little
time on recruitment, saying that his staff “came to us” from previous positions at Raytheon and
the Army Corps of Engineers.53 The feature quoted Miriam Pemberton, a research fellow at the
Institute for Policy Studies, who suggests that “if towns and businesses see the government
choosing to shift spending from the military to the green economy, ‘they would move. They
follow the money.’”54 According to another Huntsville resident who transitioned to the
renewables sector, “‘This is something our politicians miss. It’s not about getting rid of jobs’ […]
‘It’s about transforming the workforce.’”55
Redirecting defense dollars towards these priorities would also help increase local communities’
resilience to the potential economic impacts of ICBM elimination. Analysis of previous military
base closures indicates that most military communities have actually increased their employment
levels—in many cases, by several hundred percent—after their nearby bases closed and those
federal investments were reallocated towards other priorities.56 With respect to the GBSD
specifically, the Center for International Policy’s William Hartung suggests that “if even part of
the savings from cancelling the GBSD and savings on maintenance and support of existing
ICBMs were to be directed towards alternative economic activities in the states that host ICBM
bases, it could provide a significant cushion as the affected communities transition to replace the
jobs tied to those facilities with new economic activities.”57
The militarization of American society
Congressional pushes to sustain and modernize the ICBM force have unfailingly invoked
national security in order to justify their actions. Very rarely in the countless letters, debates,
vocalizations, and white papers has the ICBM Coalition overtly tied their support to ICBMs to
jobs in their districts, or to their campaign contributions by the ICBM contractors.
However, it is clear that these two factors play a significant––if not overwhelming––role in
driving the Coalition’s actions. Time after time, Congress managed to thwart the Pentagon’s
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intentions to determine its own nuclear force posture. Over the past 15 years, the ICBM
Coalition has played a leading role in adjusting ICBM standards and moving project goalposts, in
order to ensure the acceleration of the GBSD program and to simultaneously quash any prospect
of another Minuteman III life-extension. “To be sure,” as Gretchen Heefner suggests, “they
could still justify it in the name of national security. But under that veneer it was really just about
butter.”58
However, while missile field politicians have ultimately been very successful in bringing the ICBM
pork home––both during and after the Cold War––their efforts have also served to enmesh the
fates of their constituents with the spigot of federal military investment. As long as the tap
continues to flow, the complaints will be few and far between. But if the tap ever shuts off, the
consequences will be dire.
As Heefner writes in The Missile Next Door,
The Cold War turned towns and communities across the country into defense dependencies, often in ways
unseen. The result is a defense-based economy reliant on conflict, or the threat of conflict, for sustenance.
Americans do not necessarily invent their enemies, but they are quick to embrace and amplify them once
identified. This is in part because there is a vested interest in doing so, precisely the sort of militarization
of everyday life that Americans have so long claimed to abhor.59
The cruel irony here is that by creating more targets for the ICBMs to aim at, these politicians
are implicitly refusing to remove the existing targets on the backs of their constituents. While
often claiming that these weapons are crucial for national security, rarely do they acknowledge
that their actions have firmly entrenched their own districts as nuclear ground zero. As House
Armed Services Committee Chairman Adam Smith remarked of his ICBM Coalition colleagues
in October 2019, “Apparently, they want to be targeted in a first nuclear strike.”60
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v. Ground-based strategic deterrent:
Program detAILS
Although the final design of the GBSD has not yet been decided and many details remain
classified, some specifics have become public in recent months:
Name: The Air Force will soon give its new missile a descriptive name, along the lines of
previous ICBMs (i.e. Titan, Peacekeeper, Minuteman, etc.). In February 2021, General Timothy
Ray, commander of Air Force Global Strike Command, suggested that the GBSD’s official name
would be announced “any week now.”1
Warhead and reentry vehicle: The GBSD will ultimately be deployed with brand-new
W87-1 warheads. The National Nuclear Security Administration (NNSA) plans to newly
manufacture the entire warhead, including both the primary and the secondary, at an estimated
cost of $13.4 billion (in Then-Year dollars) between FY2019-FY2037 not including the cost of
associated pit production––the most expensive warhead modernization program since the end of
the Cold War.2 However, if the NNSA fails to meet its production schedule of 80 plutonium pits
per year by 2030––which both internal and external analysts agree is extremely unlikely––the
W87-1 will not be completed in time for the GBSD’s deployment.3 The Air Force is already
anticipating this delay, and is therefore planning on the GBSD reaching Initial Operational
Capability with legacy W87-0 warheads and Mk21 reentry vehicles.4 The GBSD’s W87-1

Kingston Reif (@KingstonAReif), Twitter, “Gen. Hyten: ‘Oh by the way, for T-Ray, we gotta find a name for
GBSD. GSBD just doesn't hack it. I don't care whether its Minuteman IV, or Peacekeeper II, or Black Forest
I...GBSD is very hard to explain to the American people.’ Gen. Ray: ‘It's coming sir. Any week now.’” (25 February
2021), accessed 25 February 2021, <https://twitter.com/KingstonAReif/status/1364984778970304518>.
1

National Nuclear Security Administration, “Fiscal Year 2021 Stockpile Stewardship and Management Plan –
Biennial Plan Summary: Report to Congress,” Department of Energy (December 2020), pp. 5.32-5.33, <https://
www.energy.gov/sites/prod/files/2020/12/f82/FY2021_SSMP.pdf>; National Nuclear Security Administration,
“W78 Replacement Program (W87-1): Cost Estimates and Use of Insensitive High Explosives: Report to Congress,”
Department of Energy (December 2018), p. 5.
2

Allison B. Bawden et al., “NNSA Should Further Develop Cost, Schedule, and Risk Information for the W87-1
Warhead Program,” Government Accountability Office (September 2020), GAO-20-703, p. 5; David E. Hunter et al.,
“Independent Assessment of the Two-Site Pit Production Decision: Executive Summary,” Institute for Defense Analyses
(May 2019), NS D-10711, p. 4, <https://www.ida.org/-/media/feature/publications/i/in/independent-assessmentof-the-two-site-pit-production-decision-executive-summary/d-10711.ashx>.
3

Department of the Air Force, “Report on Development of Ground-Based Strategic Deterrent Weapon,” Report to
Congressional Committees (May 2020), p. 4.
4
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warhead will ultimately be carried by a new Mk21A reentry vehicle, which is a modernized
version of the Mk21 with an upgraded fuze to increase the system’s destructive potential.5
Modularity: The GBSD employs a “modular design,” meaning that the Air Force will be able
to replace the missile’s subsystems as they age or as technology advances. The GBSD’s open
architecture also allows the Air Force to control the system’s intellectual property, meaning that
upgrades could be completed on a competitive basis, without relying solely on the prime
contractor.6
Maintenance and security: The GBSD’s modular architecture will allow missile
maintenance to be conducted without opening the launcher closure door––meaning that fewer
security forces will need to be present during maintenance operations. According to GBSD
administrations this will result in a “two-thirds” reduction in weapons exposures, and general
maintenance operations will take significantly less time.7
Design: Unlike the Minuteman III’s boosters, which use heavy steel casings, the GBSD’s
boosters will use a lighter, composite material to increase the missile’s range.8 Northrop
Grumman’s early mock-up of its missile design included wider second and third stages, as well as
a wider payload, which could allow for multiple warheads in the future, or potentially defensive
countermeasures.9 Illustrations of the GBSD in a 2020 Air Force Nuclear Weapons Center
briefing appear to show the missile carrying two warheads; however, the Air Force currently plans
to deploy the GBSD with just one warhead per missile.10

Amy F. Woolf, “U.S. Strategic Nuclear Forces: Background, Developments, and Issues,” Congressional Research Service
(10 December 2020), RL33640, pp. 15-16, accessed 2 February 2021, <https://fas.org/sgp/crs/nuke/
RL33640.pdf>; Hans M. Kristensen, Matthew McKinzie, and Theodore A. Postol, “How US nuclear force
modernization is undermining strategic stability: The burst-height compensating super-fuze,” Bulletin of the Atomic
Scientists (1 March 2017), accessed 5 September 2020, <https://thebulletin.org/2017/03/how-us-nuclear-forcemodernization-is-undermining-strategic-stability-the-burst-height-compensating-super-fuze/>.
5

Benji Johnson, “Defense Primer: Ground Based Strategic Deterrent (GBSD) Capabilities,” Congressional Research
Service (10 November 2020), IF11681, accessed 12 November 2020, <https://fas.org/sgp/crs/natsec/IF11681.pdf>.
6

Lt. Col. Daniel Voorhies, “GBSD: An Update,” 20th Nuclear Triad Symposium, Bossier City, LA (10 December 2020),
accessed 10 December 2020, <https://youtu.be/vSyVoL5SFiw>, transcript available via the Cyber Innovation
Center: <https://cyberinnovationcenter.org/wp-content/uploads/2021/02/voorhies-transcript.pdf>
7

Johnson, “Defense Primer: Ground Based Strategic Deterrent (GBSD) Capabilities,” Congressional Research Service (10
November 2020).
8

Hans Kristensen (@nukestrat), Twitter, “What do industry illustrations show about new GBSD ICBM capabilities?
1. Lockheed Martin: wider 2d stage (longer range), similar payload; 2. Boeing: same as MM3; 3. Northrup
Grumman: wider 2+3 stages (even longer range), wider payload (larger RVs: MIRV W87-1, future warhead).” (17
September 2019), accessed 5 June 2020, <https://twitter.com/nukestrat/status/1173971761634926592>.
9

Air Force Nuclear Weapons Center, “Integration Support Contract (ISC) 2.0: Industry Day #3,” Briefing (16
March 2020), pp. 14-15; Johnson, “Defense Primer: Ground Based Strategic Deterrent (GBSD) Capabilities,”
Congressional Research Service (10 November 2020).
10
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Launch infrastructure: Although the GBSD uses the same launch facilities as the current
Minuteman III force, these facilities will be modernized and standardized in order to create a
common, recognizable layout for both operators and maintainers.11 The missile alert facilities
and launch control centers will be completely renovated to improve quality of life for the
operators; however, it appears that GBSD will use only eight launch control centers per missile
wing, instead of the current configuration of 15 per wing.12 This could indicate that fewer
missileers will be needed to operate the replacement ICBM force. Despite the smaller number of
launch control centers, new overlapping areas of responsibility will allow each missile to be
observed by a greater number of LCCs, in addition to a new integrated command center based
at each wing. According to GBSD administrators, at each command center “you’re going to have
defenders, we’ll have maintainers, operators, cyber warriors, all integrated together in one facility
overseeing the day-to-day mission that’s going on at the wing.”13

Slide from “Environmental Impact Statement for the Ground Based Strategic Deterrent Deployment and Minuteman III Decommissioning
and Disposal: Public Scoping Materials,” Air Force Global Strike Command (September 2020), p. 14.
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Ibid.

“Environmental Impact Statement for the Ground Based Strategic Deterrent Deployment and Minuteman III
Decommissioning and Disposal: Public Scoping Materials,” Air Force Global Strike Command (September 2020), p. 14,
accessed 1 November 2020, <https://drive.google.com/file/d/1BQXd36ek8EispPEPOCvAz8O8Jt9aP02w/view>.
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Voorhies, “GBSD: An Update,” 20th Nuclear Triad Symposium (10 December 2020).
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Deployment timeline:
The Air Force plans to reach Initial Operating Capability in FY2029. In order to do this, the Air
Force must:
• deploy 20 GBSD missiles loaded with legacy W87-0/Mk21 warheads and reentry vehicles.
• upgrade 20 Minuteman III launch facilities to GBSD standards;
• operationally certify three GBSD launch control centers and one integrated command center.14
The Air Force is required to reach Full Operating Capability no later than FY2036. In order to
do this, the Air Force must:
• upgrade 450 Minuteman III launch facilities to GBSD standards;
• deploy 400 GBSD missiles
• complete the Minuteman III-to-GBSD transition for no less than 24 launch control centers
(eight per wing), three integrated command centers (one per wing), and all associated
command and control infrastructure.15
The infrastructure upgrades at all three missile wings are expected to take place between 2023
and 2036, and are expected to begin in 2023 at F. E. Warren, followed by Malmstrom in 2025,
and by Minot in 2027.16

Slide from “Environmental Impact Statement for the Ground Based Strategic Deterrent Deployment and Minuteman III Decommissioning
and Disposal: Public Scoping Materials,” Air Force Global Strike Command (September 2020), p. 26.

Department of the Air Force, “Report on Development of Ground-Based Strategic Deterrent Weapon,” Report to
Congressional Committees (May 2020), p. 4.
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Ibid, p. 4.

“Environmental Impact Statement for the Ground Based Strategic Deterrent Deployment and Minuteman III
Decommissioning and Disposal: Public Scoping Materials,” Air Force Global Strike Command (September 2020), p. 26.
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vi. The flawed assumptions behind the gbsd
program
When seeking to plug a capability gap, the Pentagon is required to consider a range of
procurement options before proceeding with its acquisition. This process takes place over several
years and culminates in an “Analysis of Alternatives”––a comparative evaluation of the
operational effectiveness, suitability, risk, and life-cycle costs of the various options under
consideration. This assessment can have tremendous implications for an acquisition program, as
it documents the rationale for recommending a particular course of action.
The Air Force’s Analysis of Alternatives (AoA) for a follow-on ICBM was conducted between
2013 and 2014, and recommended “[r]eplacement of the MMIII weapon system, ensuring a
safe, secure, and effective land-based deterrent through 2075” with a “missile similar in size to the
MMIII, addressing capability needs, strategic stability, and available technologies.”17 In that same
document, the Air Force ruled out the possibility of a Minuteman III life-extension: “While a life
extension of the MMIII system was considered and its costs were very similar compared with the
costs of the final GBSD candidate solution,” the Air Force later suggested in a 2016 report to
Congress, “maintaining and extending the life of a system that does not meet capability goals
eliminated it as a final candidate solution.”18
The AoA offered several discrete reasons for its consequential recommendation, noting that a
replacement GBSD capability would:
A. address the capability gaps identified by the Capabilities-Based Assessment and Initial
Capabilities Document, in order to meet current and future threats;19
B. maintain the large solid rocket motor industrial base;
C. share subcomponent commonality with the Navy’s ballistic missiles; and
D. be cheaper than the cost of life-extending the Minuteman IIIs.20

United States Air Force, “Cost Comparison of Extending the Life of the Minuteman III Intercontinental Ballistic
Missile to Replacing it with a Ground-Based Strategic Deterrent: Report to Congress,” Department of Defense (July
2016), p. 4.
17
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Ibid, p. 7.

In the defense acquisition process, a Capabilities-Based Assessment provides recommendations to pursue either a
materiel or non-materiel solution to an identified capability gap. If a material solution is deemed necessary, an Initial
Capabilities Document explains why this solution will resolve the previously identified capability gap.
19

United States Air Force, “Cost Comparison of Extending the Life of the Minuteman III Intercontinental Ballistic
Missile to Replacing it with a Ground-Based Strategic Deterrent,” Department of Defense (July 2016), pp. 4-6.
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It has since become clear that these factors were based on flawed assumptions, and many have
since been been deprioritized. Each of these are examined in depth below.
What capability gaps would the GBSD need to fill?
The Air Force’s 2016 congressional report on the GBSD program––one of the few public
documents describing the findings of the classified Analysis of Alternatives––noted that
“Although MMIII continues to perform as originally designed, capability gaps, along with
sustainment and attrition issues, drive the need for replacement or modernization.”21
Despite these Minuteman III “capability gaps” that apparently need filling, it is notable how
similar the proposed GBSD and Minuteman III systems appear to be. The Air Force’s 2016
report describes the “basic characteristics” of the GBSD as follows:
• Guidance: Inertial; non-externally aided
• Propulsion: Solid rocket motor boosters and a post-boost propulsion system
• Range: Equal to, or exceeding, current MMIII range
• Standard Load: One reentry vehicle (RV) per missile; maintain ability for multiple RVs per missile in
accordance with Nuclear Posture Review
• Basing: Continental United States (current Missile Wing locations)22
With the exception of a potential range improvement and a latent MIRV capability, this list of
system characteristics might as well describe the Minuteman III. If any fundamental “capability
gaps” were indeed identified during the Air Force’s analysis, it is difficult to see how a brand-new,
yet highly-similar GBSD system would plug them.
Additionally, as has been addressed in previous chapters, the Air Force’s basis for touting these
perceived “capability gaps” is somewhat murky. The former commander of US Strategic
Command has suggested that the US nuclear force must be modernized because “ICBMs have
additional importance today that wasn’t envisioned during the Cold War.”23 However,
STRATCOM has not articulated what is meant by “additional importance.”
With respect to US-centric nuclear deterrence, what has changed since the end of the Cold War?
China is slowly but steadily expanding its nuclear arsenal and suite of delivery systems, and
North Korea’s nuclear weapons program continues to mature. However, the range and
deployment locations of the US ICBM force would force the missiles to fly over Russian territory
in the event that they were aimed at Chinese or North Korean targets, thus significantly
21
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Gen. (ret.) C. Robert Kehler, “The U.S. Needs a New ICBM Now,” National Institute for Public Policy, Information
Series No. 444 (16 August 2019), <https://www.nipp.org/wp-content/uploads/2019/08/IS-444.pdf>.
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increasing the risk of using ICBMs to target either country.24 Moreover, as Chapter II suggests,
other elements of the US nuclear force––especially SSBNs––could be used to accomplish the
ICBM force’s mission under a revised nuclear force posture, potentially even faster and in a more
flexible manner.
GBSD advocates have suggested that adversarial advances in “missile defense and anti-access/
area denial” tactics could soon negate the threat of the Minuteman III force, thus requiring a
brand-new missile.25 However, this seems highly improbable, as this assumption suggests that
within just a few years Russia or China will be able to leapfrog the United States in defensive
capabilities––thus transforming their currently inferior missile defense systems into
groundbreaking systems capable of intercepting hundreds of US ICBMs armed with penetration
aids. The United States’ current homeland defense system––Ground-Based Midcourse
Defense––has a successful test record of approximately 50% against single targets in highlycontrolled and scripted environments; the suggestion that Russia or China could soon surpass this
record to defeat the Minuteman III force entirely is highly unlikely.26
It is additionally important to note that even if adversarial missile defenses improved significantly,
the ability to evade missile defenses lies with the payload––not the missile itself. By the time that
an adversary’s interceptor was able to engage a US ICBM in its midcourse phase of flight, the
ICBM would have already shed its boosters, deployed its penetration aids, and would be guided
solely by its reentry vehicle.27 Reentry vehicles and missile boosters can be independently
upgraded as necessary, meaning that any concerns about adversarial missile defenses could be
mitigated by deploying a more advanced payload on a life-extended Minuteman III ICBM.

For further discussion on the concerns with ICBM overflight, see: Dennis Evans and Jonathan Schwalbe,
“Intercontinental Ballistic Missiles and their Role in Future Nuclear Forces,” Johns Hopkins Applied Physics Laboratory,
NSAD-R-16-001 (2017), p. 17, <https://www.jhuapl.edu/Content/documents/ICBMsNuclearForces.pdf>; Gen.
(ret.) James Cartwright et al, “Global Zero U.S. Nuclear Policy Commission Report: Modernizing U.S. Nuclear
Strategy, Force Structure and Posture,” Global Zero (May 2012), p. 7, <https://www.globalzero.org/wp-content/
uploads/2018/09/gz_us_nuclear_policy_commission_report.pdf>; Bruce Blair, Jessica Sleight, and Emma Clare
Foley, “An Alternative U.S. Nuclear Posture Review: The End of Nuclear Warfighting, Moving to a Deterrence-Only
Posture,” Global Zero (September 2018), p. 62, <https://www.globalzero.org/wp-content/uploads/2018/09/ANPRFinal.pdf>.
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Overall, as Chapter II explores in further detail, since the Cold War ended the case against
ICBMs has become much stronger than the case for them. Therefore, it is quite unclear which
deterrence or capability “gaps” the Air Force is describing when it claims that a brand-new
ICBM is needed to plug them.
Does GBSD actually maintain the large solid rocket motor industrial base?
For years, internal and external analysts have sounded alarm bells about corporate consolidation
in the defense industry. In its FY2017 Annual Industrial Capabilities Report to Congress, the
Pentagon noted that “the trend toward fewer and larger prime contractors has the potential to
affect innovation; narrow industrial capabilities and technology; limit the supply base; pose entry
barriers to small, medium, and large businesses; and ultimately reduce competition that may
otherwise not be in the Department’s or the public’s interests.”28 Additionally, the report’s authors
concluded, “The Department is mindful of past loss of competition at the prime level, resulting
from significant industry consolidations over the past 20-plus years.”29
With specific regard to the GBSD, both Congress and the Pentagon have been particularly
concerned about the effect of these mergers on the domestic large solid rocket motor (LSRM)
industry: in 1990, there were five LSRM manufacturers in the United States; now there are only
two.30
Having fewer providers of big-ticket systems like LSRMs means that the Pentagon has less ability
to control costs through competition, generally resulting in increased costs. Additionally, the
presence of system monopolies can create chokepoints in the defense acquisition process, since
the entire supply chain can be affected by the conduct of a single corporation. This could easily
result in delays to the weapon system coming online.31
In its justification for the GBSD program, the Air Force has continuously emphasized that a
brand-new missile program would protect the ailing LSRM industry better than a simple

Office of the Deputy Assistant Secretary of Defense for Manufacturing and Industrial Base Policy, “Fiscal Year
2017 Annual Industrial Capabilities: Report to Congress,” Office of the Under Secretary of Defense for Acquisition and
Sustainment (March 2018), 18-C-0754, pp. 24-25, <https://www.businessdefense.gov/Portals/51/Documents/
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refurbishment.32 However, after Northrop Grumman purchased one of the two remaining
LSRM manufacturers and subsequently won the GBSD’s unprecedented sole-source engineering
contract in 2020, the state of the industrial base today is significantly less healthy than it was just
a couple of years ago. As is catalogued in the following paragraphs, despite the concerns of
Congress and civil society watchdogs, the Pentagon’s nonchalant reaction indicates that the
department may not be as concerned with preserving the industrial baseline as was previously
advertised in its justifications for pursuing GBSD.33
In September 2017, immediately after the Air Force awarded Northrop Grumman and Boeing
contracts to begin the Technological Maturation and Risk Reduction phase of the GBSD
acquisition process, Northrop Grumman announced its intention to acquire Orbital ATK––one
of two remaining LSRM providers left in the United States.34
If Northrop Grumman’s acquisition was successful, and if the company ultimately won the
contract for the Engineering, Manufacturing and Development (EMD) phase of the GBSD
program, it could theoretically exclude the only other LSRM provider––Aerojet Rocketdyne––
from its production team, thus probably putting its new competitor out of business.35 Aerojet
Rocketdyne was already on precarious footing, and in April 2017, the company had announced
that it would shutter its operations at its complex in Sacramento as a cost-saving measure.36 The
new prospect of a LSRM monopoly dominated by Northrop Grumman was therefore a
significant concern for Aerojet Rocketdyne, who urged the Pentagon to step in.37
Legal mechanisms are available for the Pentagon to object to such an acquisition and make
relevant recommendations to the Federation Trade Commission and the Department of Justice
“to ensure that mergers and acquisitions do not reduce competition or cause market distortions

United States Air Force, “Cost Comparison of Extending the Life of the Minuteman III Intercontinental Ballistic
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that are not in the Department’s ultimate best interest.”38 However, despite Aerojet Rocketdyne’s
concerns over a LSRM monopoly, the Pentagon did not make a public objection of this kind,
and it remains unclear whether such an objection was made in private.39
This did not prevent the Federal Trade Commission from investigating the merger: in June 2018,
when Northrop Grumman made its move to formally acquire Orbital ATK for $7.8 billion, the
Federal Trade Commission immediately began to explore whether the sale might "substantially
lessen competition and […] create a monopoly in the relevant market for missile systems.”
Specifically, the FTC noted,
The Acquisition would provide Northrop with the ability and incentive to foreclose missile system prime
contractor competitors by denying them access to Northrop’s SRMs or by making pricing, personnel,
schedule, investment, design, and other decisions that disadvantage those competitors. If Northrop were to
withhold effective access to its SRMs, or increase the price of those SRMs, to its prime contractor
competitors, competition would be lessened because the foreclosed prime contractors would be forced to raise
the prices of their missile systems, decide not to compete, or invest less aggressively to win missile programs,
which, in turn, would decrease competitive pressure on Northrop.40
According to the FTC, not only could the fairness of the Boeing-Northrop Grumman
competition suffer as a result of the sale, but so too would the United States government:
If Northrop were to foreclose its missile system prime contractor competitors in any of these ways, the
United States Government would be harmed because cost of missile systems may increase, innovation may
be lessened, and/or quality would be reduced because the United States Government would be less likely to
obtain the best possible combination of missile system prime contractor and SRM supplier.41
The FTC did not block the acquisition; however, it ruled that Northrop Grumman was required
to “not Discriminate in any Missile Competition where Northrop is currently competing to be
the Prime Contractor.”42 Specifically, Northrop Grumman would have to make its solid rocket
motor products and services fully available to Boeing, and would not be permitted to share
Office of the Deputy Assistant Secretary of Defense for Industrial Policy, “Fiscal Year 2018 Annual Industrial
Capabilities: Report to Congress,” Office of the Under Secretary of Defense for Acquisition and Sustainment (23 June 2020), 18C-0754, p. 3, 6-BC890CE <https://www.businessdefense.gov/Portals/51/Documents/Resources/
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Boeing's proprietary data with other parts of the Northrop Grumman corporation in order to
gain leverage over its competitor in other projects.43
However, according to Boeing’s CEO, Leanne Caret, Northrop Grumman only signed this
firewall agreement on 3 July 2019––over a year after the FTC's ruling and only five months away
from the RFP submission deadline for the EMD contract––apparently not leaving enough time
for Boeing to negotiate a competitive price for solid rocket motors.44
Only a few days later, Boeing officially announced that it would withdraw from the GBSD
competition, stating that “the current acquisition approach does not provide a level playing field
for fair competition.”45 In a series of letters addressed to Air Force acquisition executive Will
Roper, Caret wrote, “We lack confidence in the fairness of any procurement that does not correct
this basic imbalance between competitors,” explicitly citing Northrop Grumman’s acquisition of
Orbital ATK as evidence that there were “inherently unfair cost, resource and integration
advantages” at play.46
Reflecting on the GBSD procurement process, House Armed Services Committee chairman
Adam Smith––who has a sizable Boeing presence in his home state of Washington––suggested in
October 2019 that the Air Force is “way too close to the contractors they are working with,” and
implied that the service was biased towards Northrop Grumman.47 He additionally revealed that
the Air Force had accidentally shared Boeing's proprietary information with Northrop
Grumman, contrary to the spirit of the FTC ruling.48 However, Boeing CEO Leanne Caret
subsequently stated that the leak was not “the sole reason for why we did not bid. It was more to
do with the structure of the source selection…”49
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While it is certainly possible that bias was at play, further scrutiny reveals that Boeing may not
have used all of the tools in its arsenal to launch a fully competitive bid. Firstly, it appears that
Boeing never reached out to Aerojet Rocketdyne––the other contractor capable of providing
solid rocket motors for the GBSD––for pricing on its SRMs. This is despite the fact that Aerojet
Rocketdyne was reportedly “eager” to participate in the GBSD program, and was ultimately
included in Northrop Grumman’s bid.50 Additionally, Chairman Smith revealed that the House
Armed Services Committee had offered to address Boeing’s anti-competitiveness concerns in the
2020 National Defense Authorization Act, but Boeing––somewhat bizarrely––declined.51
It is difficult to reconcile these actions––or lack of actions––with Boeing’s rhetoric. As a result,
one analyst has speculated that given Boeing’s highly disappointing fiscal quarter––characterized
by two fatal 737 Max crashes and the subsequent grounding of the aircraft––it is possible that
Boeing simply did not want to risk losing an expensive and unlikely bid, which would drive
shareholder confidence down even further.52 Therefore, one might suppose that Boeing may have
simply pursued the least risky option: attempting to insert themselves into the bid through
government intervention, as is detailed in the following paragraphs, and when that ultimately
failed, simply declining to bid altogether.
Despite its stated intention to not bid for the EMD contract, for the next several months Boeing
attempted to court Northrop Grumman into partnering with Boeing to form a “best-of-industry
GBSD team.”53 When Northrop Grumman rejected the offer on September 3rd, Boeing lobbied
both Congress and the Air Force, requesting the Pentagon to force Northrop Grumman into
submitting a joint bid with Boeing.54 Citing the potential creation of over 1,000 jobs in
Huntsville, Alabama, Boeing successfully convinced Alabama Senator Doug Jones to publicly
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voice his support for a joint bid.55 The former commander and deputy commander of Air Force
Global Strike Command, both of whom had been hired as Boeing consultants, also penned a
November 2019 op-ed in Breaking Defense to argue in favor of a joint team.56 However, Boeing’s
overall lobbying effort was unsuccessful––possibly due to counter-lobbying by Northrop
Grumman and Lockheed Martin, which was folded into Northrop’s contract team after its
departure from the competition in 2017.57 The Air Force declined to force Northrop Grumman
into a joint bid, and effectively cancelled the remainder of Boeing’s TMRR contract by refusing
to allocate any further funding to the contract in October 2019.58
On December 13th, the RFP deadline passed with the Air Force receiving only a single bid for
the GBSD's engineering and manufacturing development contract, and on 8 September 2020,
the Air Force officially awarded the $13.3 billion EMD contract to Northrop Grumman.59
Putting aside the fact that this sole-source contract will likely drive up the total costs of the GBSD
program––a consideration which will be explored in more depth later in this chapter––it is clear
that the Air Force made no attempt to mitigate the risks of a LSRM monopoly by requiring
Northrop Grumman to solicit its solid rocket motors from both Aerojet Rocketdyne and Orbital
ATK (since renamed to Northrop Grumman Innovation Systems). The Air Force had done this
for the previous stage of the GBSD acquisition process––the Technology Maturation and Risk
Reduction phase––by putting in “non-exclusion language that the prime contractors cannot set
up any binding contracts or relationships with key subcontractors that keep them from being able
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to team on other efforts.”60 However, this emphasis on mitigating anti-competitive behavior was
not prioritized for the significantly larger EMD contract; in June 2019, an Air Force spokesperson
reaffirmed the Air Force’s hands-off approach, stating that “The prime contractors will
determine which LSRM vendor(s) to include as part of the engineering and manufacturing
development phase proposals.”61
Despite the fact that one of the Air Force’s key justifications for the GBSD program was to
preserve the LSRM industry, it ultimately refused to wield its own power to do exactly that. As a
result, the Air Force is now effectively relying on the benevolence of Northrop Grumman to
include its own competitor in its GBSD contracting team.
Ultimately, Northrop Grumman did elect to include Aerojet Rocketdyne as a producer for both
solid rocket motors and post-boost systems for the GBSD; however, it remains unclear how much
of the overall LSRM order will be filled by Aerojet, and how much will be filled by the newlyacquired (and newly-renamed) Northrop Grumman Innovation Systems.62 Even if Northrop
Grumman counterintuitively chooses to offer equal opportunity to both companies with this
particular contract, the fact remains that Northrop Grumman effectively now holds a nearmonopoly over the LSRM industry, which means that the future viability of Aerojet Rocketdyne
could rely largely on Northrop’s goodwill going forward.
This may soon change, however, as Lockheed Martin announced its intention to purchase
Aerojet Rocketdyne for $4.4 billion in December 2020.63 Raytheon Technologies––one of
Lockheed Martin’s largest competitors––has since announced its intention to formally oppose the
deal on the grounds that if the merger goes through, “you don’t have an independent supplier on
the solid-rocket-motor side.”64
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However, despite the FTC taking a close look at the acquisition, Lockheed Martin is confident
that the deal will be approved, specifically because of how it mirrors Northrop Grumman’s
acquisition of Orbital ATK during the GBSD competition: “There’s already an example of how
DoD handled a prime contractor in the space domain taking in a propulsion supplier,” stated
Lockheed Martin CEO Jim Taiclet, “Our overall expectation is that this may be the same lens
through which this transaction is viewed.”65
As a result, not only did Northrop Grumman’s acquisition of Orbital ATK undermine the health
of the LRSM industrial base, but it provided a template for Lockheed Martin to erode it even
further two years later. Therefore, despite the Air Force’s argument that pursuing GBSD would
help the LRSM industry, it has done the opposite: after Lockheed Martin's acquisition goes
through, there effectively will be no more independent LRSM industry.
Is subcomponent commonality feasible––or wise?
Since the early days of GBSD, the Air Force has pursued “smart commonality” between the
GBSD and the Navy’s Trident D5 SLBMs, with the ultimate goal of reducing costs and risks for
both systems.66 In July 2015, Admiral Cecil Haney––then-commander of US Strategic
Command––and the Air Force and Navy's top acquisition executives tasked the two services to
conduct a Strategic Systems Commonality Assessment.67
Some external analysts have suggested that the most cost-efficient way of pursuing commonality
would be to deploy canisterized and life-extended Trident D5 SLBMs in ICBM silos, rather than
pursuing a brand-new missile.68 This would be technologically feasible; the Peacekeeper ICBM
was deployed in Minuteman silos in the 1990s, and the Trident canisters have even smaller
Sandra Erwin, “Lockheed Martin confident Aerojet deal will be approved, but it’s not a slam dunk,” Space News (21
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diameters than Peacekeeper canisters.69 Furthermore, as Steve Fetter and Kingston Reif suggest,
“deploying Trident D5 on land would allow for the consideration of a common replacement for
both missiles beginning roughly a decade from now when the Navy is planning to start
development of a new submarine-launched ballistic missile, thereby obviating the need for the
ground-based strategic deterrent program.”70 Although it would require the Pentagon to
purchase additional life-extended Trident D5 SLBMs to fill the Minuteman silos, the overall costs
of pursuing this approach would likely be significantly less than buying a brand-new missile.
However, the possibility of utilizing a standard common weapon system based on the lifeextended Trident D5 SLBM for both the Navy and Air Force was quickly ruled out as
“unfeasible,” because in order to meet Air Force specifications, “modifications would be needed
for payload, performance, survivability, storage and transport, infrastructure, command and
control, and production.”71 According to a 2015 Pentagon report to Congress, “[t]his would raise
significant technical issues and would substantially increase overall program costs––far
outweighing any potential savings from enhanced commonality.”72
The assessment concluded that the only worthwhile commonality pursuit would be at the
subcomponent level, which could create “opportunities to eliminate redundant efforts, leverage
economies of scale, and sustain shared critical skills and capabilities needed by securing the
industrial base.”73 Nine inter-service working groups suggested that over 40 technologies––
including rocket nozzles, radiation-hardened electronics, and guidance system components––
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could potentially be shared between the GBSD and Trident D5 SLBM, and this information was
passed onto the GBSD bidding companies as they drafted their TMRR proposals.74
It appears, however, that the Pentagon's early emphasis on commonality has since been
deprioritized, as Air Force leadership declined to enforce the approach in its acquisition
strategy––preferring instead to allow competition to drive the process. As then-Under Secretary
of Defense for Acquisition, Technology, and Logistics Frank Kendall explained in October 2016,
“Where [the bidding companies] have a case for [commonality], they'll propose it, but where
there is a case to do something new that might be less expensive or even more capable, then they
can propose that.”75 This sentiment was echoed by General Robin Rand, then-Commander of
Air Force Global Strike Command General, in May 2017, when he testified to the House Armed
Services Subcommittee on Strategic Forces that "we're very supportive of commonality but we
believe in open competition and that's where the acquisition strategy is driving us right now.”76
This commitment to competition over commonality prompted Vice Admiral Terry Benedict,
then-Director of the Navy’s Strategic Systems Program, to note during a 2016 Air Force
Association event that “I do have concerns for where the overall commonality effort is going.”77
Only months earlier, Vice Admiral Benedict had testified to the House Armed Services
Subcommittee on Strategic Forces, “I am concerned that without proactive leadership
involvement, we will miss the opportunity to take advantage of the team’s effort as we transition
to execution.”78
It is additionally unclear whether there is much material benefit that could be derived from an
emphasis on subcomponent commonality in the first place, if the possibility of a common missile
program had already been dismissed. The cost savings would likely be minimal; one external
analyst projects that this approach would save less than one percent of the anticipated GBSD
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cost. At the same time, he notes, “commonality-driven programs have often led to cost overruns,
schedule slips, and cancellations––the exact outcomes the Department of Defense is seeking to
avoid when time and money are running short.”79
Although the FY2021 President’s Budget Request notes that an objective of the Engineering and
Manufacturing Development phase of GBSD is to “pursue ‘smart commonality’ with Navy,
Space, and Missile Defense Agency,” it is not a program requirement.80 To that end, it remains
unclear to what degree Northrop Grumman will ultimately incorporate “smart commonality”
into its GBSD design––if at all. It appears, therefore, that the emphasis on commonality in the
Air Force's early justification for GBSD is no longer as strong as it once was.
Is GBSD cheaper than life-extending the Minuteman III?
During the Analysis of Alternatives process, the Air Force's Cost Analysis Working Groups
concluded that building an entirely new ICBM system from scratch would cost roughly the same
amount as simply life-extending the current Minuteman force. In fact, somewhat
counterintuitively, the GBSD was slightly lower: $160.3 billion projected for a Minuteman lifeextension versus $159.2 billion for the GBSD.81
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However, that same year, a 2014 RAND report commissioned by the Air Force concluded that
“[a]ny new ICBM alternative will very likely cost almost two times—and perhaps even three
times—more than incremental modernization of the current Minuteman III system.”82 On the
surface, this calculation appears to be more accurate, especially when considering that
throughout the 2000s, the Air Force admitted that it cost only $7 billion to turn the Minuteman
III ICBMs into “basically new missiles except for the shell.”83
With that in mind, how did the Air Force’s Cost Analysis Working Group yield such misleading
results? A 2016 report to Congress reveals that the Air Force baked a number of flawed
assumptions into its cost assessment process, the most influential of which was the presumed “60year life cycle of the candidate solution.”84 This is because the Air Force was working with a
predetermined requirement to maintain current ICBM force levels until 2075.85 However, as the
Carnegie Endowment for International Peace’s George Perkovich and Pranay Vaddi explained in
a January 2021 report, “Basing analysis on a straight-line requirement projected all the way to
2075 practically predetermines the outcome.”86 The authors further suggest that “[t]here is no
inalterable security imperative behind the number 400 and the year 2075,” and reference a 2013
inter-agency review—which included the participation of the State Department, the Defense
Department, the National Security Council, the intelligence community, the Joint Chiefs of Staff,
US Strategic Command, and then-Vice President Joe Biden’s office—which concluded that US
deterrence requirements could be met by reducing US nuclear forces by up to one-third.87
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ICBM force posture is not––and has never been––sacred. When the Bush administration
deactivated the “Odd Squad” at Malmstrom Air Force Base in the mid-2000s, for example––
bringing the ICBM force down from 500 to 450––the main driver was economics, not security:
the 564th Missile Squadron used completely different and more expensive communications and
launch control systems from the rest of the Minuteman III force.88 In a similar vein, when the
Obama administration made an effort to reduce the deployed ICBM force below 450––and then
ultimately down to 400––it was Congress, not the Pentagon, that stood in their way.89
The current force level of 400 deployed ICBMs is not a magic number, and it could be reduced
further between now and 2075 for a variety of reasons, including those related to security,
economics, or––as Perkovich and Vaddi suggest––a good faith effort to reduce deployed US
nuclear forces. “This assumption that the ICBM force would not be eliminated or reduced before
2075 is difficult to reconcile with U.S. disarmament obligations under Article VI of the Nuclear
Non-Proliferation Treaty,” they write, further noting that “[i]t makes little sense to invest in a new
generation of over 400 ICBMs without exhausting the possibility that arms reduction agreements
could be reached over the next decade or two that would obviate the perceived need for ICBMs
through 2075.”90
As Perkovich and Vaddi suggest, “[a] more appropriate study would consider how long and at
what cost Minuteman III could be extended under several scenarios.”91 As will be explored in
more depth in the following chapter, it is technologically feasible to extend the life of the
Minuteman III ICBM force at current force levels until at least 2040, and possibly beyond. The
Center for Strategic and International Studies’ Todd Harrison has suggested that Minuteman III
could even be safely life-extended until 2050, if the annual testing rate was lowered to three tests
per year instead of the current 4.5.92 However, because the Air Force’s AoA requirement was to
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possessed the General Electric WS-133B system. The Boeing command and control systems relied on a redundant
matrix of hardened, underground cables interconnecting the launch sites and launch control centers. The General
Electric configuration, on the other hand, used a single-strand network of hardened, buried cables with a mediumfrequency radio to provide command and control and system monitoring. The two communications systems also
required their own unique training programs for maintenance personnel and launch crews as well as a separate
logistics supply chain.”
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maintain current ICBM force levels until 2075, the Cost Analysis Working Group ultimately
concluded that a life-extension option would have to include the cost of life-extension plus the
cost of building a follow-on missile, in order to push the system over the 2075 finish line.93 This is
the primary reason why the Air Force’s cost assessment estimated that the two options would cost
roughly the same amount––the service was not simply comparing the costs of a life-extension
and a brand-new system; instead, they were effectively comparing the costs of building a brandnew system earlier versus building one later. In this way, the outcome favoring GBSD was largely
predetermined by arbitrary force requirements and timelines that have little 21st century strategic
rationale.
To further illustrate this point, consider how the cost comparison between a Minuteman III lifeextension and the brand-new GBSD would have changed if the Pentagon had selected a timeline
of 2050––or even 2100––instead of 2075.
If the Pentagon sought to compare the relative costs between these two options with the intent of
retaining an ICBM capability until 2050, the results would look quite different. The price tag to
acquire GBSD––estimated by CAPE to be approximately $95.8 billion (in Then-Year dollars)––
would remain the same; however, pursuing a Minuteman III life-extension until 2050 would cost
significantly less. Recall that in 2012, after the completion of a comprehensive round of
Minuteman III life-extension programs, the Air Force admitted that it cost only $7 billion to turn
the Minuteman III ICBMs into “basically new missiles except for the shell.”94 There is little
public evidence to suggest that a similar round of life-extension programs would cost that much
more, and they would likely come nowhere close to the GBSD’s $95.8 billion acquisition fee.95
Comparing the same options with the requirement to maintain the ICBM force until 2100 also
favors a Minuteman III life-extension. The Air Force’s 2075 cost assessment for the GBSD
already includes the cost of a life-extension program; therefore, to meet the 2100 requirement it
is likely that the Air Force would have to pursue a follow-on system to replace the GBSD before
2100, at similarly exorbitant costs. In contrast, life-extending Minuteman III until 2050 and then
deploying GBSD would allow the Air Force to deploy ICBMs at current force levels through
2100 without acquiring a follow-on system for the GBSD.
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These hypothetical scenarios suggest that if the Pentagon changed its requirement from 2075 to
either 2050 or 2100, then immediately pursuing a Minuteman III life-extension program would
be significantly more cost-effective than pursuing GBSD. Given that 2075 is a relatively arbitrary
timeframe and is not codified in the Nuclear Posture Review or other key strategic documents, it
is reasonable to suggest that this particular benchmark was selected in order to ensure a favorable
outcome for GBSD.
Another assumption that contributed to the Air Force's cost discrepancies was that a competitive
and healthy industrial base would be available to keep the overall price tag down. As Gen.
Timothy Ray, Commander of Air Force Global Strike Command, told reporters in 2019, “our
estimates are in the billions of savings over the lifespan of the weapon.”96
This was the logic that Boeing ultimately employed during its unsuccessful attempt to convince
the Air Force to force a “best-of-industry” GBSD partnership in 2019. According to
Yellowhammer News, “Boeing reportedly explained to the Air Force the significant time and cost
savings a team approach between the two companies could result in on the project, cutting the
implementation schedule by approximately two years and reducing initial development costs by
about 10%.”97
Boeing's claims are self-serving, and therefore must obviously be taken with a grain of salt;
however, it is generally true that the presence of competing bids ultimately lowers the overall
program cost. This is why the Air Force is required to submit a “Justification and Approval”
document if it intends to limit the scope of a procurement competition. In March 2018, the Air
Force Nuclear Weapons Center submitted such a document in order to justify its intention to
limit the EMD bidding process to just two contractors––Boeing and Northrop Grumman––
stating that it was fine to do so because “typically, expected cost savings from a competition come
from a competition premium––the cost savings which come from competing a contract rather
than soliciting a single supplier. In this case, the [Air Force] expects to obtain a competition
premium despite the exclusion of sources, because the selection will be a competition between
the two TMRR offerors [sic].”98
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In other words, the Air Force could limit the number of EMD bidders and the program costs
would still stay down––because Boeing and Northrop Grumman would still be competing against
each other for the contract. However, that competition premium was ultimately lost when Boeing
declined to bid. There is no precedent for sole-sourcing a contract of this size––one of the largest
Pentagon contracts in a generation––as doing so generally results in increased costs and lasting
harm to the country’s underlying industrial base.
It is therefore unsurprising to see that GBSD program costs have already risen substantially
under the sole-source contract. In August 2020, only two weeks before the Air Force officially
awarded Northrop Grumman the EMD contract––and approximately a year after Boeing
announced its withdrawal from the competition––CAPE’s projected GBSD acquisition cost
jumped from its previous estimate of $85 billion to $95.8 billion, with total life-cycle costs
reaching as high as $263.9 billion.99 In October 2020, the Pentagon reported that CAPE’s latest
life-cycle estimate was $1.9 billion greater than its 2016 estimate, but did not explain why the
estimate had grown.100 The GBSD’s ever-increasing price tag indicates that the program is not
nearly as cost-effective as initially projected.
Overall, the Air Force’s consequential recommendation to pursue a brand-new missile was based
upon a series of flawed assumptions about how GBSD would address perceived capability gaps,
maintain the health of the large solid rocket motor industrial base, share commonality with the
Navy’s missiles, and—most importantly—be cheaper than the cost of a Minuteman lifeextension. In hindsight, and upon further scrutiny, these assumptions appear to have either been
flawed, exaggerated, or deprioritized—meaning that the Air Force’s case for GBSD needs to be
reevaluated in light of cost escalation and surrounding budget pressures. This is especially true
given that a Minuteman III life-extension program remains a cheaper and less risky option––this
will be discussed in depth in the following chapter.
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Act request 21-F-0065 on 24 November 2020.
99

Anthony Capaccio, “New U.S. ICBMs Could Cost Up To $264 Billion Over Decades,” Bloomberg, 3 October
2020, accessed 3 October 2020, <https://www.bloomberg.com/news/articles/2020-10-03/new-u-s-icbms-couldcost-up-to-264-billion-over-decades>.
100

90

siloed thinking: A closer look at the ground-based strategic deterrent

vii. Exploring possibilities for a minuteman
iii life-extension
After the first round of life-extension programs in the mid-2000s, Air Force analysts described
their 50-year old Minuteman III ICBMs as “basically new missiles except for the shell.”1 Despite
this characterization, it has since become relatively common to hear a contradictory refrain that
the missiles cannot be life-extended any further, because they are simply too old.2
The latter is often presented by GBSD advocates as justification for a complete replacement of
the ICBM force; indeed, in a 2016 report to Congress, the Air Force noted that given the
imminent “age-out” of the Minuteman III’s booster stacks and guidance modules, “the GBSD
solution ensures the land-based leg of the Triad remains viable in the post-MMIII 2030
timeframe.”3
However, it is an exaggeration to suggest that the ICBM force could become “unviable” after
2030 if GBSD were not pursued, in several key respects:
First, the 2030 benchmark appears to have been selected by Congress, not by the Air Force. A
consequential amendment inserted into the FY2007 National Defense Authorization Act directed
the Secretary of the Air Force to “modernize Minuteman III intercontinental ballistic missiles in
the United States inventory as required to maintain a sufficient supply of launch test assets and
spares to sustain the deployed force of such missiles through 2030.”4 This amendment ultimately
had a significant impact on the timeline of the Ground-Based Strategic Deterrent because, as Air
Force historian David N. Spires describes, “Although Air Force leaders had asserted that
incremental upgrades, as prescribed in the analysis of land-based strategic deterrent alternatives,

Carla Pampe, “Life Extension Programs Modernize ICBMs,” Air Force Global Strike Command (25 October 2012),
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2016), pp. 5-6.
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could extend the Minuteman’s life span to 2040, the congressionally mandated target year of
2030 became the new standard.”5
Second, the Minuteman III’s critical subsystems continue to show high reliability with age. Under
the Pentagon’s Rocket Systems Launch Program (RSLP), surplus ICBM motors are converted
into space launch vehicles, sounding rockets, and suborbital missile defense target vehicles. Since
the program’s inception in 1972, most of the converted rockets have utilized surplus motors from
the Minuteman II, which shares its first and second stages with the Minuteman III. Despite the
Minuteman II’s thirty-year service life and subsequent retirement, in 2011 RSLP administrators
declared with “high confidence that the Minuteman II motors continue to provide a reliable
boost capability.” They additionally suggested that the “motors are currently well beyond design
life but continue to show high reliability,” noting that it was more prudent to focus on “useful life
estimates” as a measure of their utility and reliability, rather than their shorter, predetermined
service lifespans.6
To date, first-stage Minuteman II motors between 27 and 54 years of age have performed
successfully in all 27 RSLP test launches, as well as 23 static tests. Second-stage Minuteman II
motors older than 17 years have achieved success in 60 out of 61 test launches, as well as 26 static
tests.7 In 2017, the Air Force reported an inventory of 537 remaining Minuteman II motors, and
the Government Accountability Office subsequently assessed that it would take between nine and
ten years to completely deplete Minuteman II stockpile through scheduled decommissioning and
conversion through the RSLP program.8 Under this proposed schedule, the total “useful life” of
Minuteman II solid rocket motors could amount to approximately 60 years.
Additionally, there is little evidence to suggest that the Minuteman III’s guidance modules will fail
after 2030. When the Air Force sought to upgrade the Minuteman III’s guidance systems after
the Cold War, the Government Accountability Office noted that the Air Force's own assessments
“are not identifying any Minuteman III missile guidance set system-level performance concerns.
David N. Spires, On Alert: An Operational History of the United States Intercontinental Ballistic Missile Program, 1945-2011,
2nd ed. (Barksdale Air Force Base, Louisiana: Air Force Global Strike Command, 2019), pp. 184-185. This 2030
target year has since been extended to 2036, when the transition from Minuteman III to GBSD is expected to be
completed; however, this reference demonstrates how the initial timeline for the transition was arbitrarily influenced
by Congress––despite the reassurances by Air Force leaders that a longer-term incremental upgrade was possible.
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To the contrary, for the last several years the Minuteman III missile guidance set flight reliability
has improved.”9 The study further assessed that “missile guidance set failure rates have remained
at an acceptable level, with no adverse failure rate trends,” and quoted a previous Air Force study
which suggested that “[t]here is no conclusive evidence of degradation within the Minuteman III
missile guidance set that cannot be corrected on a case-by-case basis.”10 Despite the evidence
suggesting that the Minuteman III’s guidance systems continued to perform reliably with age,
they were modernized under the Guidance Replacement Program.11 Today, these newer
guidance systems continue to succeed in their regular flight tests, and a March 2020 Air Force
Nuclear Weapons Center brief even acknowledged that the useful life of the Minuteman III force
could be extended with “better NS-50 [guidance module] failure data,” because “current age-out
on guidance is an engineering ‘best guess’ with no current data.”12 This suggests that the Air
Force’s prediction about the post-2030 “unviability” of these subsystems is based on little actual
evidence.
If a life-extension option were pursued in lieu of GBSD, it is likely that these subsystems would
eventually need to be replaced. However, this appears to be technologically feasible. In March
2019, Lt. Gen. Richard Clark––the Air Force’s deputy chief of staff for strategic deterrence and
nuclear integration––testified to the House Armed Services Committee that it would be possible
to extend the lives of the propulsion and guidance systems one more time, despite his stated
preference for proceeding with the Ground-Based Strategic Deterrent.13
Furthermore, a 2014 RAND report commissioned by Air Force Global Strike Command found
“no evidence that would necessarily preclude the possibility of long-term sustainment.” In fact,
the report noted, “we found many who believed the default approach for the future is
incremental modernization, that is, updating the sustainability and capability of the
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Minuteman III system as needed and in perpetuity.”14 This echoed the findings of an earlier
review conducted by the ICBM System Program Office and TRW Inc. as part of the 2000
Future Ballistic Missile Requirements Study. The study concluded that “[w]hile it is difficult to
foresee all possible problems with the [Minuteman III] system, the review concluded that another
life extension appears feasible.”15
In reality, the most significant obstacle to a Minuteman III life-extension is not depreciation, but
attrition––specifically, the concern that the available stockpile of Minuteman III test assets will be
eventually depleted, thus potentially impacting force posture. This problem was identified early
on in the GBSD acquisition process by both internal and external analysts, who noted that
increasing the ICBM test rate from three to 4.5 test firings per year––as was done in 2017––
would inevitably exhaust the surplus boosters and lead to a depletion of the currently-deployed
ICBM force around 2040.16
However, there are several ways to overcome this obstacle.
One option involves the Air Force lowering the test rate from 4.5 tests per year back down to
three, in an effort to stretch out the available stockpile of boosters. Testing is critical to the
technical surveillance process to ensure that the missiles are working as designed; however, if the
Air Force was prepared to accept a slight additional risk of booster failure as explained later in
this chapter––given the fact that doing so would have no discernible effect on deterrence––then
the number of tests per year could realistically be decreased. To that end, in a 2017 report, Todd
Harrison from the Center for Strategic and International Studies estimated that if the United
States chose to re-core its ICBMs and move the firing rate back to three tests per year, then it
would be possible to maintain the Minuteman III force at New START levels (400 deployed
ICBMs) until 2050, before the tests begin to cut into the deployed force in the 2050s and the new
cores age out in the 2060s.17
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The Pentagon’s Proposed Number of GBSD and Minuteman III Flight Tests from VAFB
by Fiscal Year
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Source: “Draft Ground Based Strategic Deterrent Test Program Environmental Assessment / Overseas Environmental Assessment,” Air
Force Nuclear Weapons Center (February 2021), p. 4-65.

Another option involves the Air Force reducing the number of deployed ICBMs. As explored in
previous chapters, doing so would not meaningfully affect deterrence, and would suddenly make
a significant quantity of additional missiles available for testing purposes. For example, if the
Pentagon reduced its deployed ICBM force from 400 to 300 missiles, it could maintain the
current testing rate of 4.5 tests per year, and the missile inventory would not drop below 300 until
approximately FY2060, assuming every available missile was put towards testing purposes.18 A
portion of those missiles could also be converted into commercial or governmental space launch
vehicles, thus eliminating the requirement to eventually “re-core” them to ICBM standards.19
It is certainly possible to reduce ICBM force levels without meaningfully affecting strategic
stability. In fact, after a 2013 inter-agency review concluded that US deterrence requirements
could be met by reducing US nuclear forces by up to one-third, the Pentagon began to explore
the possibility of significantly reducing the ICBM force––before ultimately being pressured into
backing down by the Senate ICBM Coalition.20
A renewed commitment to reducing ICBM force levels, however, could yield several positive
effects. First, it could open up fertile new ground for arms control with Russia. Like the United
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preventing alterations to ICBM force posture.
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States, Russia cannot afford to modernize all of the systems that it wants.21 A mutual
commitment to substantially reducing each country’s ICBM force would allow both countries to
reinvest in more important security priorities, and could therefore be an appealing arms control
possibility. The United States would have the upper hand in any ICBM-focused arms control
negotiations, because Russia has fewer ICBMs than the United States (~310 versus the United
States’ 400), and significantly fewer overall strategic launchers (510 versus the United States’
675).22
Second, reducing the number of deployed ICBMs would also alleviate a significant amount of
pressure associated with the GBSD’s planned warhead production schedules. The National
Nuclear Security Administration (NNSA) is currently planning to produce 80 plutonium pits per
year by 2030 in order to meet the ambitious schedule of the W87-1 GBSD warhead. However, as
this report explores in more depth in subsequent sections, two separate government-sponsored
studies have recently concluded that this schedule is all but impossible, due to a lack of current
capacity and the likelihood of both budgetary and scheduling overruns.23 To that end,
significantly reducing the scope of the ICBM deployment would help mitigate these scheduling
concerns.
Another option to resolve the attrition problem could involve the Air Force exploring the
possibility of utilizing nondestructive methods to test the reliability of their solid rocket motors.
George Perkovich and Pranay Vaddi suggest in their recent “Model Nuclear Posture Review”
that this could be achieved through technological advances in ultrasound and computed
tomography.24 The Air Force could also consider adapting the Navy’s current nondestructive
testing techniques––which involve sending a probe into the bore to measure the elasticity of the
propellant––to evaluate the reliability of the Minuteman III force.25 As Steve Fetter and Kingston
Reif noted in 2019, these types of nondestructive testing methodologies “would permit the
lifetime of each motor to be estimated on an individual basis. Rather than retire all motors at an
age when a small percentage are believed to be no longer reliable, only those particular motors
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with measurements indicating unacceptable aging could be retired.”26 If the Air Force were to
adopt a reliable, nondestructive technique of assessing its missiles, the aforementioned attrition
problem would be eliminated altogether.
It is telling that the Navy is not currently contemplating the purchase of a brand-new missile to
replace its current arsenal of Trident SLBMs, and instead plans to conduct a second lifeextension to keep them in service until 2084.27 In January 2021, Vice Admiral Johnny Wolfe Jr.––
the Navy’s Director for Strategic Systems Programs––remarked that “solid rocket motors, the age
of those we can extend quite a while, we understand that very well.”28 To demonstrate this fact,
in 2015 the Navy conducted a successful Trident SLBM flight test using “the oldest 1st stage solid
rocket motor flown to date” (over 26 years old), with 2nd and 3rd stage motors that were 22 years
old.29 Rather than replace these missiles as they exceed the planned design life of 25 years, the
Navy stated in 2015 that “we are carefully monitoring the effects of age on our strategic weapons
system and continue to perform life extension and maintenance efforts to ensure reliability.”30
Not only would life-extending the Minuteman III force be technologically feasible through the
methods described above, but it would be significantly cheaper than building a brand-new ICBM
force. During the first round of life-extension programs in the mid-2000s, the Air Force spent
only $7 billion to turn the Minuteman III into “basically new missiles except for the shell.”31
Clearly, life-extension operations are possible––not to mention significantly cheaper than building
a new ICBM force from scratch––and the Air Force has a good track record of completing them.
Pursuing a Minuteman III life-extension would also allow the Pentagon to defer a decision on
GBSD for up to two decades. This is a highly desirable option, given that the Pentagon is
currently facing a “bow wave” of expenditures over the coming decade, with the bills for several
big-ticket procurement projects—including the GBSD, the Long-Range Standoff Weapon, the
F-35 fighter, the B-21 bomber, the Columbia-class ballistic missile submarine, and the KC-46A
tanker—all coming due at roughly the same time. With growing recognition that the Pentagon
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simply cannot afford all of these programs simultaneously, these major acquisition programs have
been characterized as “fiscal time bombs.”32
As a result, it is important to note the security tradeoffs associated with spending nearly $100
billion to acquire the Ground-Based Strategic Deterrent right now, at the expense of more
essential programs. This means that solutions to 21st century security challenges––strengthening
pandemic response and relief capabilities, for example, or hardening US command and control
systems against cyber threats––could be deprioritized or left unfunded. The Pentagon currently
plans to spend $77 billion to modernize its nuclear command, control, and communications
systems over the next decade; however, these upgrades could be coupled to a life-extended
Minuteman III force rather than a brand-new force, thus freeing up additional funds to either
further improve these critical systems or fund more pressing programs.33
Life-extending the Minuteman III is therefore a feasible option, in order to ensure that the most
critical security priorities are adequately funded over the coming decades. If the United States
ultimately chooses to pursue GBSD two decades from now, then the Congressional Budget Office
estimates that approximately $42 billion (in 2017 dollars) of the costs of replacing the
Minuteman IIIs would be pushed beyond 2046—which would allow for the total costs of nuclear
modernization to be spread out over several decades and would reduce the likelihood that the
aforementioned “fiscal time bombs” would explode over the coming years.34
There is also a possibility, however, that twenty years from now––when a decision about a followon ICBM would have to be taken––the national security environment will have changed
dramatically, and ICBMs may no longer be deemed strategically important by American political
or military leaders. In that case, GBSD could simply be cancelled; the Congressional Budget
Office estimates that doing so would save an additional $120 billion (in 2017 dollars).35
The role of presidential guidance
A closer examination of the Air Force’s Analysis of Alternatives suggests that the service’s
recommendation to pursue GBSD was based upon a series of flawed assumptions about how the
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new missile would address perceived capability gaps, maintain the health of the large solid rocket
motor industrial base, share commonality with the Navy’s missiles, and—most importantly—be
cheaper than the cost of a Minuteman life-extension.
In hindsight, and upon further scrutiny, all of these assumptions appear to have either been
flawed, exaggerated, or since deprioritized.36 A 2014 RAND report commissioned by the Air
Force understood this at the time, and suggested that given the significant cost disparities between
a Minuteman life-extension and GBSD, “The only viable argument for developing and fielding
an alternative would therefore have to be requirements-driven.”37
These “requirements” are primarily driven by the military's interpretation of presidential nuclear
employment guidance. When the President sets the country’s nuclear employment policy, they
issue a directive that then gets translated into strategy as it flows down the chain of command. As
a former deputy director of the Joint Strategic Target Planning Staff, Admiral Gerald E. Miller,
once wrote, “It is in the implementation that the true strategy evolves, regardless of what is
generated in the political and policy-meeting rooms of any Administration.”38
In order to ensure that they can fulfill presidential nuclear employment guidance, the military
must ensure that their systems can operate above a certain threshold of reliability. This is why the
RAND report alludes to a potential “requirements-driven” reason for pursuing GBSD over
Minuteman III: if the Air Force believes that the Minuteman III might dip below a preset
reliability threshold, then the service has incentive to push for GBSD in order to meet the current
nuclear employment guidance. However, the President can revise nuclear employment guidance
to accept a slightly higher threshold for risk, which would allow the Air Force to meet presidential
guidance with a life-extended Minuteman III.
By the Air Force's own projections, a 30-year old missile core has an estimated probability of
failure of 1.3 percent.39 Although this failure rate increases exponentially for each additional year,
it is still relatively low (under ten percent) until the cores reach 36 years old. Although a
hypothetical ten percent failure rate sounds bad on paper, an adversary would realistically still
See Chapter VI for further discussion on the Air Force’s flawed justifications for pursuing the Ground-Based
Strategic Deterrent over a Minuteman III life-extension.
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have to target every silo in a nuclear first strike, because there would be no way of knowing which
missiles were functional and which were duds. Additionally, it is extremely unlikely that the
United States would ever elect to launch only a small number of ICBMs in a crisis. As a result, a
ten percent failure rate inflicted on 400 launched ICBMs would still enable approximately 360
fully-functional missiles to reach their targets. This projected failure rate would drop significantly
if the Air Force chose to life-extend the Minuteman III force; however, the above calculations
suggest that even if a decision to conduct a life-extension project was delayed for a few years,
strategic stability would not be meaningfully affected.
If one accepts the role that ICBMs are supposed to play in nuclear deterrence––although those
arguments merit scrutiny and are challenged in other chapters of this report––in order to be an
“effective” deterrent, ICBMs simply need to exist and be a credible enough retaliatory threat that
an adversary would not risk a first strike. This means that a life-extended Minuteman III force––
which, by the Air Force’s own admission, is technologically feasible––would theoretically produce
the same deterrence result as a brand-new GBSD force, since an adversary would still be forced
to target them in a nuclear crisis.40 It is additionally important to note––albeit somewhat
ominously––if we are ever in a position to find out that a percentage of the missile force did not
launch as expected, then this knowledge would not affect deterrence whatsoever, because
deterrence would have already failed.
Therefore, when it comes to the ICBM force, it is fair to say that failure rate should not be a
significant factor in how either the United States or its adversaries think about ICBMs. These
considerations are important, because it implies that presidential nuclear employment guidance
could be specifically revised to accept greater technical risk with regards to the ICBM force. This
is openly acknowledged in a March 2020 Air Force Nuclear Weapons Center briefing, which
states that the useful life of the Minuteman III force could be extended by “assuming additional
risk on booster propellant life.”41 Doing this would establish a Minuteman III life-extension as a
more cost-effective option to meet these requirements than pursuing a brand-new GBSD force.
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Pursuing GBSD is riskier than life-extending Minuteman III
Although it may be politically challenging for decision-makers to consider accepting additional
risk in order to life-extend Minuteman III, it is important to recognize that proceeding with
GBSD comes with significant risks of its own. Large procurement programs like the GBSD are
prone to delays as a matter of course, and this particular program could face inevitable and
significant delays, for several reasons.
First, it is worth noting that the vast GBSD modernization program is being administered by Air
Force Global Strike Command, which RAND described in a 2019 report as “a relatively young
command with a relatively small staff that has limited experience in fielding new systems.”42
Having only reached full operational capability in September 2010, AFGSC has no prior
experience fielding a major weapons system––let alone multiple, ambitious, and simultaneous
programs like the GBSD, B-21, and the LRSO. As the RAND report notes, “The scale of these
acquisition programs is ambitious even for an experienced sponsoring major command. But to
further complicate matters, AFGSC is not resourced at the level of more mature commands.”43
Furthermore, the Air Force has a very limited institutional memory when it comes to acquiring
and fielding major nuclear weapons systems; the last time that the service did so was in the 1980s,
when it procured the B-2 bomber and the Peacekeeper ICBM. As the RAND report explains,
“In the 30-some years that have elapsed since then, much of this workforce, both in the
government and in industry, is now long retired. Some of the art of engineering these systems—
how to do nuclear certification, how to test for survivability for nuclear weapon effects, and the
challenges of training the operators and fielding these systems—is lost.”44 Additionally,
“Unfortunately, when these programs were last done, those involved left an incomplete written
record of their experiences. Our surveys of the extant records from past major nuclear systems
reveal a record that is spotty at assisting the current workforce.”45
Air Force Global Strike Command has a daunting task ahead of it. As the RAND report
describes,
It is not just coordinating and ensuring that all the major fielding activities will be done on time; the
transition from legacy to new platforms is in itself a large problem. In particular, the transition from
Minuteman III to GBSD presents considerable logistical complications. The legacy systems need to be
sustained until the day they are decommissioned, and the new systems need to be ready the day they are
Don Snyder, Sherrill Lingel, George Nacouzi, Brian Dolan, Jake McKeon, John Speed Meyers, Kurt Klein,
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RR3178, p. vii, <https://www.rand.org/pubs/research_reports/RR3178.html>.
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needed. And this transition is not limited to the missiles and warheads, but also encompasses an extensive
infrastructure of launch control centers, launch facilities, and weapon system command and control.
AFGSC, as the lead major command, will need to confront these matters with a relatively small,
inexperienced staff.46
The Pentagon is already concerned about the prospect of delays to the GBSD program. In
September 2020, Undersecretary of Defense for Acquisition and Sustainment Ellen Lord
testified to Congress that existing bureaucratic red tape could create an “operational risk” with
the GBSD program––particularly with regards to upgrading nearly 500 ICBM launch facilities
and launch control centers spread across three operational wings, five states and 31,500 square
miles.47 According to the Pentagon, in order for the GBSD to hit the scheduled full operational
capability date of 2036, they must convert one facility per week for nine years––with no delays.48 For
this reason, an Air Force report to Congress in May 2020 noted “that the GBSD Program carries
a ‘high-risk’ schedule due to challenges imposed by the conventional MILCON process for the
required construction and conversion of GBSD-related infrastructure.”49
The prospect of an under-resourced and inexperienced command like AFGSC meeting internal
program schedules like these seems highly improbable, especially given the aforementioned
budget constraints and the possibility of a less GBSD-friendly administration.
Additionally, it is important to recognize that the new W87-1 warheads slated for the GBSD are
already on an impossible timeline. The NNSA plans to newly manufacture the entire warhead,
including both the primary and the secondary, at an estimated cost of $13.4 billion (in Then-Year
dollars) between FY2019-FY2037 not including the cost of associated pit production––the most
expensive warhead modernization program since the end of the Cold War.50

46

Ibid, pp. 23-24.

Ellen M. Lord, “Senate Armed Services Committee Hearing on Matters Relating to the Budget of the National
Nuclear Security Administration,” US Senate, 116th Congress, 2nd Session (17 September 2020), <https://
www.armed-services.senate.gov/hearings/20-09-17-matters-relating-to-the-budget-of-the-national-nuclear-securityadministration>.
47

Aaron Mehta, “DoD seeks legislative help for ICBM replacement construction costs,” Defense News (25 September
2020), accessed 28 September 2020, <https://www.defensenews.com/smr/nuclear-arsenal/2020/09/25/dodseeking-legislative-help-for-icbm-replacement-construction-costs/>.
48

Department of the Air Force, “Report on Development of Ground-Based Strategic Deterrent Weapon,” Report to
Congressional Committees (May 2020), p. 6.
49

National Nuclear Security Administration, “Fiscal Year 2021 Stockpile Stewardship and Management Plan –
Biennial Plan Summary: Report to Congress,” Department of Energy (December 2020), pp. 5.32-5.33, <https://
www.energy.gov/sites/prod/files/2020/12/f82/FY2021_SSMP.pdf>; National Nuclear Security Administration,
“W78 Replacement Program (W87-1): Cost Estimates and Use of Insensitive High Explosives: Report to Congress,”
Department of Energy (December 2018), p. 5.
50

102

siloed thinking: A closer look at the ground-based strategic deterrent

In order to produce the W87-1 in time to meet the GBSD's planned deployment schedule, the
NNSA has set itself an extremely ambitious production schedule, one which external analysts
have described as “unnecessary,” “unexecutable,” and “irresponsible.”51 The expected setbacks
are primarily due to the NNSA’s incapacity to produce enough plutonium pits––a central
component of the W87-1's nuclear explosive package. Immediately after the Cold War, the
Department of Energy closed its last major plutonium pit production facility at Rocky Flats,
Colorado, following an FBI raid over environmental contamination––meaning that the NNSA
currently maintains only a limited pit production capability and has not manufactured a new pit
for use in a nuclear explosive package since 2012.52
As a highly-critical September 2020 report from the Government Accountability Office notes,
the United States has not had the capability to produce more than 10 plutonium pits per year for
over 2 decades; however, in order to meet the GBSD's tight schedule, the NNSA is expected to
produce up to 30 pits in 2026, and ultimately produce up to 80 pits during 2030.53 To that end,
the NNSA intends to spend approximately $3 billion to modernize its Plutonium Facility (PF-4)
at Los Alamos National Laboratory and approximately $4.6 billion to repurpose the partially
constructed Mixed Oxide Field Fabrication Facility at South Carolina’s Savannah River Site to
create the new Savannah River Plutonium Processing Facility.54
Both internal and external analysts, however, agree that this pit production schedule is nearly
impossible to complete. In its September 2020 report, the Government Accountability Office
flagged that the NNSA has not followed best practices with regards to producing cost assessments
or an integrated master schedule, and that “NNSA’s past performance, agency documents, and
an independent study suggest that achieving and sustaining production of sufficient pits per year
may be challenging.”55
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Additionally, a March 2019 study by the Institute for Defense Analyses emphasized that the
NNSA’s plan to repurpose the Savannah River Site as intended had “no historical precedent,”
and any similar past programs “all experienced substantial cost growth and schedule slippage”
and were eventually cancelled.56 The report further noted that “we could find no successful
historical major project that both cost more than $700 million and [was completed] in less than
16 years.”57 Ultimately, the authors concluded that “[n]o available option can be expected to
provide 80 [pits per year] by 2030.”58 These concerns appear to be warranted: the NNSA’s
FY2020 performance evaluation noted that despite improving its processes, Los Alamos National
Laboratory “did not meet all scheduled Pit development builds” for the latest evaluation year.59
If the NNSA fails to meet its production schedule of 80 pits per year by 2030––which both
internal and external analysts agree is extremely unlikely––the W87-1 will not be completed ontime. The Air Force is already anticipating this result, and is therefore planning on the GBSD
reaching Initial Operational Capability with legacy warheads.60
Overall, the GBSD program timeline is quite precarious, and there is a chance that a significant
delay to the program could unintentionally trigger an eventual depletion of the ICBM force
below New START levels. Given that such delays may be inevitable, legislators most interested in
protecting the size of the overall force should seriously consider whether life-extending the
Minuteman III force might offer a better method of protecting their bottom line than pushing for
the highly precarious GBSD program. The safer, former option would ensure a viable ICBM
force at New START levels for the next two decades, while the riskier, latter option could result in
a smaller force altogether.
Finally, in the midst of a defense budget crisis, it is crucial to acknowledge the risks associated
with prioritizing the funds for GBSD over other critical security priorities.
By its own admission, the Pentagon cannot afford all of the weapons it wants to buy. In July 2020,
the then-Air Force Chief of Staff, Gen. Dave Goldfein, remarked at a Brookings Institution
appearance that “this will be the first time that the nation has tried to simultaneously modernize
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the nuclear enterprise while it’s trying to modernize an aging conventional enterprise. The
current budget does not allow you to do both.”61 These tensions are already coming into stark
focus: in early 2020, for example, a decision to dramatically increase the budget of the National
Nuclear Security Administration directly led to the cutting of a Virginia-class submarine from the
Navy’s budget plan.62
This is what the “affordability” arguments of GBSD advocates fail to take into account. The true
cost of the Ground-Based Strategic Deterrent is not only the significant funds spent to acquire it,
but also the fact that prioritizing this program means deprioritizing other programs.
In 2017, the Congressional Budget Office estimated that the entire US nuclear modernization
program would cost approximately $1.2 trillion, and these costs are highly likely to increase with
inflation and customary programmatic overruns.63 Given these aforementioned “fiscal time
bombs,” it would seem irresponsible to spend nearly $100 billion to acquire the GBSD today
when such a decision could be deferred for several decades––thus allowing the United States to
reallocate that money towards more pressing security priorities.
Recent polling suggests that this form of reallocation would be widely popular on a bipartisan
basis. A July 2020 Data For Progress poll found that 56% of likely voters (69% Democrats; 50%
Republicans) were in favor of cutting the Pentagon’s budget by 10 percent in order to pay for
priorities like education, healthcare, housing, and fighting Covid-19. Only 27 percent were
opposed.64
Similarly, an October poll conducted by the Federation of American Scientists and ReThink
Media found that Americans overwhelmingly do not derive their sense of safety from investments
in nuclear or conventional weapons: only 3% of Democrats and 6% of Republicans ranked “a
modernized nuclear weapons arsenal” in their top three safety priorities, compared to the 43%
of respondents that selected “a sense that Covid-19 is under control,” the 35% that selected “a
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sense of togetherness or unity in America,” the 24% that selected “a lower crime rate,” and the
22% that selected “a stronger and more accessible health care system.”65
These results suggest that a legislative effort to reallocate funds from GBSD towards more
proximate security priorities would be widely supported by Americans on both sides of the
political spectrum. California Representative Ro Khanna's attempt to do this in July 2020 failed
when his amendment lost its House vote; however, similar bills introduced during this
congressional session could reinvigorate this issue as the Biden administration prepares for its
review of US nuclear policy.66
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viiI. Public perceptions of the us
intercontinental ballistic missile force
On behalf of the Federation of American Scientists, ReThink Media conducted a national
survey of 800 registered voters between 12-28 October 2020, with the purpose of exploring
Americans’ opinions about US nuclear posture in general, and ICBMs in particular.1 The survey
included a 200 oversample of registered voters in “nuclear sponge” states (Colorado, Montana,
North Dakota, Nebraska, and Wyoming), in order to gain deeper insight into how residents of
the "nuclear sponge” think about the weapons that their states are hosting.
Given the unique and detailed nature of the survey, the results shed significant light on how
Americans perceive ICBMs and their role in US nuclear doctrine, and whether they ultimately
support continued investment in this particular weapon system in the form of the Ground-Based
Strategic Deterrent (GBSD).
Americans believe that the United States has too many nuclear weapons
When informed that the United States currently has about 4,000 nuclear weapons in its active
stockpile, a plurality of respondents (38%) said that that was “too many,” compared to 15%
stating that this was “not enough” and 26% saying it was “the right amount.”2
These results changed in a subsequent articulation of the same question, however, which directly
compared the US arsenal to those of Russia and China. When informed that Russia and the
United States have roughly the same number of nuclear weapons, and that China––the thirdlargest nuclear power––has only around 300, the percentage of respondents who believed that
the United States has “the right amount” of nuclear weapons jumped from 26% to 35%––
making the percentage roughly equal to those who believed that the United States has “too
many” nuclear weapons (36%).

The survey was conducted online using a panel provided by Qualtrics, and has a confidence interval (similar to a
margin of error) of +/- 3.4%. The data were weighted slightly by gender, age, race, educational attainment, party
ID, vote history, and region to be representative of the registered voter population. The complete survey was longer
than the questions displayed below; however, some questions are being withheld for relevance or for future reporting.
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It is worth noting that this pattern is shared by Republicans and Democrats. Both without and
with the comparison to other countries, a plurality of Democrats (45%, then 44%) believed that
the United States has too many nuclear weapons; however, the percentage of Democrats who
believed that the United States has “the right amount” of nuclear weapons jumps from 22% to
31% after receiving the comparison of other countries’ arsenals. Similarly, although a narrow
plurality of Republicans believed without the comparison that the United States has “the right
amount” of nuclear weapons (35%, compared to 33% of Republicans who believed that they
United States has “too many” nuclear weapons), the percentage of Republicans who believed
that the United States has “the right amount” jumped from 35% to 40% after receiving the
comparison. A similar jump can be seen across a variety of other demographics, including age,
gender, income, and race.
Given that this jump was prompted by the respondent’s new ability to compare the US arsenal
with its strategic competitors, it is reasonable to suggest that it was likely triggered by a fear of
military inferiority––a prospect which is uniquely unfamiliar and uncomfortable to most
Americans. This could indicate that many Americans implicitly reject the conventional view of
deterrence, and instead consider nuclear weapons in a similar manner to conventional weapons:
that simply having more of them brings you greater rewards on the battlefield.
However, when it comes to nuclear weapons––having more of them does not necessarily change
the strategic balance in a meaningful way. As political scientist Robert Jervis argues, “it does not
matter which side has more nuclear weapons. […] Deterrence comes from having enough
weapons to destroy the other’s cities; this capability is an absolute, not a relative, one.”3 And
despite the fact that a portion of the respondents appear to question this fundamental principle
of deterrence, a plurality of Americans still think that the United States has too many nuclear
weapons in its arsenal.
Nuclear weapons investments do not create a sense of safety
In order to tease apart the distinction between national security and personal safety, the FAS/
ReThink Media survey first asked respondents to characterize the national security level of the
United States, and then to select up to three options that would contribute the most to their sense
of personal safety.
Overall, 71% of respondents stated that the United States is “secure,” although it is notable that
there were significant variations on how different demographics answer this question. For
example, respondents that were white (76%), male (80%), Republican (89%), older than 65
(74%), and had an annual income of over $100,000 (81%) tended to believe that the United
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States is more “secure” than respondents that were non-white (60%), female (63%), Democrat
(63%), younger than 30 (61%), and had an annual income of less than $25,000 (63%).
These demographic variations likely result from competing theories of security and contrasting
considerations about which policies best guarantee safety. To that end, the survey’s next question
asked respondents to select up to three options from a mix of militarized and non-militarized
security policies that “would make you feel more safe.” By far, the most selected option was “A
sense that COVID-19 is under control” (43%), followed by “A greater sense of togetherness or
unity in America” (35%). After those two choices, the most popular choices were a near-tie
between “A lower crime rate” (24%), “A stronger and more accessible health care system” (22%),
“More economic equality and opportunity” (22%), “An effort to stop domestic terrorism” (21%),
and “Stronger relationships with allied countries” (21%). At the very bottom of the safety
priorities list––ranked lower than additional policies focused on unemployment, climate change,
and reducing tensions with adversaries––were the three militarized security priorities: “A larger
Department of Defense budget” (8%), “A modernized nuclear weapons arsenal” (5%), and
“Larger investments in conventional weapons” (3%).
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These results complement the findings of a similar pair of surveys conducted in Michigan and
Wisconsin by the Union of Concerned Scientists in September 2020.4 When asked to rate a
series of federal government priorities from 0 to 10 (with 10 being the highest priority),
respondents from both states ranked “replacing our country’s nuclear weapons arsenal” at the
bottom of the list (4.25 in Michigan; 4.13 in Wisconsin). In contrast, Michigan and Wisconsin
voters rated “cleaning up polluted drinking water supplies across the country” (8.00 in Michigan;
7.55 in Wisconsin), “increasing the number of job opportunities around the country” (7.74 in
Michigan; 7.73 in Wisconsin), “expanding access to quality and affordable health care (7.73 in
Michigan; 7.63 in Wisconsin), “improving our country’s roads, bridges and other
infrastructure” (7.55 in Michigan; 7.11 in Wisconsin), and “addressing the causes and effects of
climate change (6.26 in Michigan; 6.00 in Wisconsin) significantly higher.
Based on these results, it is clear that regardless of how they would rate the current national security
of the United States, Americans overwhelmingly do not derive personal safety from investments in
traditional national security priorities like new weapons or military investments. Instead, they would
feel much safer with investments in non-militarized security priorities––such as strengthening
pandemic response capabilities, combatting domestic terrorism, and strengthening the health
care system––that actually contribute directly to their personal sense of security.
Investments in social priorities are more popular than new nuclear weapons.
A series of subsequent survey questions asked respondents to put their money where their mouths
were, by asking respondents to assign dollar values to a variety of security priorities. These
questions allowed respondents to step into the shoes of actual policymakers with purchasing
power. The responses thus offer a more nuanced consideration of how Americans would prefer
that government money be spent.
The respondents were each given a budget of $1,000 and split into two groups, designed to test
whether Americans would be more amenable to government investment in “guns” (militarized
focused spending priorities) or “butter” (non-militarized spending priorities). Each respondent
was asked to allocate their $1,000 between a list of priorities, which either included more “guns”
policies or more “butter” policies, depending on their randomized group. Both groups, however,
received options to “Invest in ICBMs” and “Give the money back to taxpayers.”
Interestingly, respondents in the “guns” group strongly prioritized the option to “Give the money
back to taxpayers” ($201.1) more than any other option. The second-largest amount of money
was allocated to “Improving health care and other benefits for active military members and
“Michigan Voters Have Higher Priorities than Nuclear Weapons,” Fact Sheet, Union of Concerned Scientists (October
2020), accessed 1 November 2020, <https://www.ucsusa.org/sites/default/files/2020-10/mi-voters-have-higherpriorities-than-nuclear-weapons.pdf>; “Wisconsin Voters Have Higher Priorities than Nuclear Weapons,” Fact
Sheet, Union of Concerned Scientists (October 2020), accessed 1 November 2020, <https://www.ucsusa.org/sites/
default/files/2020-10/wi-voters-have-higher-priorities-than-nuclear-weapons.pdf>.
4

110

siloed thinking: A closer look at the ground-based strategic deterrent

veterans” ($164.7), followed by “Investing in cyber and other emerging technologies” ($137.9).
Respondents allocated only $105.2 (the third-lowest amount of money) to “Investing in ICBMs.”
It is notable that ICBM investment ranked lower than “Modernizing our other nuclear delivery
systems (bombers and submarines)” ($117.4), indicating that Americans may see more value in
those systems than in land-based missiles. Additionally, it appears that Americans believe that
when it comes to military investment, the government should prioritize more modern and
emerging technologies––such as cyber and surveillance capabilities––over legacy weapon systems
like ICBMs.

Although respondents in the “butter” group also strongly prioritized “Giving the money back to
taxpayers” ($132.2), this policy option came third, behind “Ensuring that Social Security is fully
funded for decades to come” ($163.7) and “Lowering health care costs” ($143.5). The option to
“Invest in ICBMs” was ranked 5th ($116.8), behind “Investing in clean energy
alternatives” ($131.1) and ahead of policies related to education, infrastructure, and public health
and safety.
These results are particularly revealing in light of California Representative Ro Khanna’s 2020
effort to insert an amendment into the FY2021 National Defense Authorization Act that would
have transferred $1 billion from the GBSD program towards funding pandemic preparedness.5
This polling demonstrates that despite the amendment losing its vote in committee by a margin

Joe Gould, “Next-gen ICBM program survives defunding attempt in House panel,” Defense News (1 July 2020),
accessed 2 July 2020, <https://www.defensenews.com/congress/2020/07/01/next-gen-icbm-program-survivesdefunding-attempt-in-house-panel/>.
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of 44 to 12, the spirit of the amendment is, in fact, directly in line with the spending priorities of
most Americans.

Not only do these results indicate that Americans are relatively disinterested in investing in
ICBMs in particular, but they also tell a larger story about fiscal responsibility: when given the
choice, Americans would generally prefer that the government simply not spend money at all,
unless they are spending it on crucial domestic priorities like health care or social security. In
short, Americans want the government to spend taxpayer dollars––just not on the military.
Support for phasing out ICBMs with a guaranteed economic offset
As Chapter IV of this report has already examined in detail, Members of Congress from
“nuclear sponge” states generally oppose any cuts to the ICBM force for parochial reasons, out of
fear of losing votes from constituents whose jobs could be affected by ICBM reductions.
However, Brown University’s Costs of War Project has suggested that the ICBM force does not
support nearly as many jobs as its advocates often claim, and that “for the same amount of
spending, clean energy and infrastructure create 40 percent more jobs than the military,
healthcare creates 100% more, and education 120% more.”6
To that end, respondents––living both inside and outside the “nuclear sponge” states––were
asked whether they would support a phase-out of ICBM activities, with the promise of “a

Heidi Garrett-Peltier, “War Spending and Lost Opportunities,” Costs of War Project (14 March 2019), accessed 20
September 2020, <https://watson.brown.edu/costsofwar/files/cow/imce/papers/2019/
March%202019%20Job%20Opportunity%20Cost%20of%20War.pdf>.
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guaranteed job and income for anyone whose job is displaced in doing so.”7 Somewhat
surprisingly, respondents in both sponge and non-sponge states expressed near-equivalent and
overwhelming support for this proposal: 58% of sponge residents were supportive, while only
29% were opposed; similarly, 61% of non-sponge residents were supportive, while only 23% were
opposed.

These results indicate that Americans––including those living closest to the missiles themselves––
believe more in the ICBM force’s perceived benefits to economic security, rather than national
security. More research is required in order to determine which economic measures would be
most effective in protecting these communities during the reductions process, especially if those
reductions would result in base closures. However, as discussed in Chapter IV, analysis of
previous military base closures indicates that most military communities have actually increased
their employment levels—in many cases, by several hundred percent—after their nearby bases

Respondents living in the “nuclear sponge” were asked about phasing out ICBM activities in just their own states,
while respondents living outside the “nuclear sponge” were asked about phasing out ICBM activities in all five
sponge states.
7
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closed and those federal investments were reallocated towards other priorities.8 With respect to
the GBSD specifically, the Center for International Policy’s William Hartung suggests that “if
even part of the savings from cancelling the GBSD and savings on maintenance and support of
existing ICBMs were to be directed towards alternative economic activities in the states that host
ICBM bases, it could provide a significant cushion as the affected communities transition to
replace the jobs tied to those facilities with new economic activities.”9 The FAS/ReThink Media
survey results suggest that such policies would be supported both inside and outside the “nuclear
sponge.”
Support for delaying and reviewing GBSD, while life-extending Minuteman III
Respondents were also offered two competing arguments for addressing the GBSD program:
either keeping it on schedule (“Some have argued that the ICBM replacement program should
proceed at any cost and without delay because of its perceived benefit to national security”) or
delaying the program (“Others have argued that we should delay the program while it undergoes
a full review, and refurbish the existing ICBM arsenal in the meantime”).

8

Data retrieved from the Office of Economic Adjustment, Department of Defense.

William Hartung, “Inside the ICBM Lobby: Special Interest or the National Interest?” Center for International Policy
(9 March 2021), p. 22, <https://3ba8a190-62da-4c98-86d2-893079d87083.usrfiles.com/ugd/
3ba8a1_89fe183f8a164e22a2fa29d4d6381d7b.pdf>.
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When subsequently asked whether they would approve or disapprove of such a delay, 64% of
respondents were in favor of delaying the program, while only 18% were opposed. Interestingly,
this approval rating was strongly bipartisan: 68% and 64% of Democrats and Republicans,
respectively, supported a delay, while 19% and 18% of Democrats and Republicans were
respectively opposed.
It is notable that such a strong, bipartisan show of support for delaying the program came
immediately after being informed about the GBSD program’s sole-source contract and associated
potential for increased costs. This could indicate that Americans across the political spectrum are
concerned about the perception or influence of corruption, nepotism, or uncompetitiveness on
government spending.
Low levels of support for GBSD
Given that a primary impetus for the survey was to gauge Americans’ opinions on the ICBM
replacement program, our survey asked the exact same question––“What do you think the
government should do about ICBMs?”––six times throughout the course of the poll. After an
initial “cold” ask at the beginning of the survey, the question was repeated five more times,
immediately following different informational prompts or questions. This polling strategy––which
allows respondents to change their answers as they learn more about the program––enables indepth consideration as to which arguments for or against the ICBMs are the most persuasive.
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At the end of the survey, after having received a significant amount of information about ICBMs
and having already answered over 30 related questions, only 26% of respondents supported the
GBSD program of record. Meanwhile, 30% of respondents supported life-extending the current
Minuteman IIIs, 20% supported eliminating the ICBM force altogether, and 10% supported
eliminating all nuclear weapons from the US arsenal.
These results complement the findings of a May 2019 survey conducted by the University of
Maryland’s Center for International & Security Studies (CISSM), which found that only 32% of
respondents supported replacing the ICBM force with brand-new missiles, while 61% of
respondents supported phasing out land-based missiles with adjustments to US warhead
numbers.10 In an effort to find “common ground” between all sides of the political spectrum,
CISSM’s survey was particularly interested in identifying policy areas where both Democrats and
Republicans could agree. This was reflected in their question about ICBMs, in which 68% and
53% of Democrats and Republicans, respectively, supported phasing out the ICBMs, while 24%
and 41% of Democrats and Republicans, respectively, supported the GBSD program.
This bipartisan opposition to GBSD was also reflected in the FAS/ReThink Media survey. In the
final formulation of the question, only 19% and 38% of Democrats and Republicans,
respectively, supported the GBSD program, while 70% and 50% of Democrats and Republicans,
respectively, supported alternative policy options. In particular, a plurality of both Democrats
(28%) and Republicans (36%) supported life-extending the current Minuteman III force, and
32% and 14% of Democrats and Republicans, respectively, supported options that would involve
phasing out ICBMs entirely (either only eliminating the ICBMs or complete nuclear
disarmament).
There was some movement between the various policy proposals as the respondents were
prompted with new information, followed by the same question: “What do you think the
government should do about ICBMs?” Throughout the survey, 57% of respondents changed
their answers after the “cold” ask at the top of the survey; however, on the whole, the percentages
supporting each policy option did not meaningfully change.
The largest increase in support for life-extending the current Minuteman IIIs (from 30% support
to 35% support) was prompted by a preceding explanation of the various life-extension programs
throughout the past several decades, potentially indicating that many respondents were confident
in the Pentagon’s abilities to conduct similar life-extension programs again if necessary.
The largest increase in support for eliminating ICBMs altogether (from 14% support to 20%
support) was prompted by a preceding explanation of the “nuclear sponge,” noting that “In the
Kull, Gallagher, Fehsenfeld, Lewitus, and Read, “Americans on Nuclear Weapons,” Center for International & Security
Studies (May 2019).
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event of a nuclear attack on the United States, these silos—and thus these states—would be
primary targets for our opponent to strike.” Respondents were also shown a targeting map of the
missile fields, complete with likely radioactive fallout patterns; an overwhelming and bipartisan
81% stated that they found this information “concerning” (47% found it "very concerning”).
These results suggest that Americans––even those living outside of the “nuclear sponge”––have a
very strong reaction to hearing about the risks of hosting land-based missiles, and that
emphasizing these risks can be highly persuasive in convincing Americans to support the
elimination of ICBMs.
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Conclusion
Just as the United States created the ICBM force––in the words of sociologist Donald
MacKenzie––“without any agreed understanding […] of why it was doing so,” the ICBM force
has been sustained and upgraded in the post-Cold War era with a similar absence of agreed
logic.
To that end, a comprehensive National Security Council-led review of the ICBMs’ role in US
nuclear posture is long overdue. Despite substantial reductions in the ICBM force over the past
two decades, the Pentagon has not offered a convincing articulation of why ICBMs have
ultimately been retained in the US arsenal, or what role these Cold War-era weapons are
supposed to play in a post-Cold War security environment.
Additionally, a review should scrutinize the flawed assumptions and arbitrary requirements that
helped predetermine the decision to pursue the Ground-Based Strategic Deterrent program. As
this report suggests, the Pentagon’s key justifications for GBSD were either flawed, exaggerated,
or have since been deprioritized. This means that the Air Force’s case for GBSD needs to be
reevaluated in light of cost escalation and surrounding budget pressures.
However, it is still early enough in the GBSD program to change course. Life-extending the
current Minuteman III force remains a cheaper and less risky option. Any underlying concerns
regarding subsystem depreciation or test asset attrition could be significantly alleviated by revising
presidential nuclear guidance, reducing the rate of flight tests, or pursuing nondestructive testing
methodologies to assess the reliability of individual missile components. Ultimately, if those
subsystems needed to be replaced in the future, the Air Force has a proven track record of
completing such operations at low cost.
It is also possible to make cuts to the ICBM force without harming the national security of the
United States or its allies; in fact, any reductions to such a uniquely destabilizing weapon system
would reduce the risk of a devastating nuclear attack on US soil.
The security environment of the 21st century is already very different than that of the previous
century. The greatest threats to Americans’ collective safety are non-militarized, global
phenomena like climate change, domestic unrest and inequality, and public health crises. To that
end, those entrusted with their constituents’ security must ask themselves, are brand-new ICBMs
truly the best tool––or even a useful one––to respond to these threats? And if not, could
prioritizing them over other potential solutions do more harm than good?
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ABBREVIATIONS
AFGSC
AoA
ASW
BRAC
CAPE
CDB
CRS
DOD
EMD
FTC
GAO
GBSD
GRP
ICBM
ILCS
LCC
LSRM
MILCON
MIRV
MMIII
NC3
NDAA
NNSA
NSC
REACT
RFP
RSLP
RV
SAC
SERV
SIOP
SLBM
SORT
SOSUS
SRM
SSBN
START
STRATCOM
TMRR
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Air Force Global Strike Command
Analysis of Alternatives
Anti-Submarine Warfare
Base Realignment and Closure
Cost Assessment and Program Evaluation
Command Data Buffer
Congressional Research Service
Department of Defense
Engineering and Manufacturing Development
Federal Trade Commission
Government Accountability Office
Ground-Based Strategic Deterrent
Guidance Replacement Program
Intercontinental Ballistic Missile
Improved Launch Control System
Launch Control Center
Large Solid Rocket Motor
Military Construction
Multiple Independently-Targetable Reentry Vehicle
Minuteman III
Nuclear Command, Control, and Communications
National Defense Authorization Act
National Nuclear Security Administration
National Security Council
Rapid Execution and Combat Targeting System
Request For Proposals
Rocket Systems Launch Program
Reentry Vehicle
Strategic Air Command
Safety Enhanced Reentry Vehicle
Single Integrated Operational Plan
Submarine-Launched Ballistic Missile
Strategic Offensive Reductions Treaty
Sound Surveillance System
Solid Rocket Motor
Nuclear-Powered Ballistic Missile Submarine
Strategic Arms Reduction Treaty
US Strategic Command
Technology Maturation and Risk Reduction
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