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Introduction
The Air Force is beginning a major new acquisition program to replace the
ground-based leg of the nuclear triad. This program, known as the Ground
Based Strategic Deterrent (GBSD), will be one of the Air Force’s largest
acquisition programs throughout the 2020s and could compete for funding
with other acquisition priorities, such as the F-35 Joint Strike Fighter, B-21
bomber, and KC-46A aerial refueling tanker. The new missiles acquired under
the GBSD program are projected to remain in the inventory through the 2070s
and serve as a core component of the U.S. nuclear arsenal for a generation. The
future of the ground-based leg of the nuclear triad is one of the main issues
the Trump administration should consider in the Nuclear Posture Review (NPR)
currently being conducted. More specifically, the NPR should address the need
for a new intercontinental ballistic missile (ICBM), the timing of the program,
and the role of ICBMs in U.S. nuclear deterrence.
The purpose of this report is to provide an independent assessment of the
options available for the ground-based leg of the nuclear triad. The first
chapter provides background on the role of the ground-based leg of the triad
in the U.S. nuclear arsenal. It looks at how the role of ICBMs has evolved over
time, including reductions in the ICBM force through treaties and unilateral
actions. It also explores how the mix of nuclear delivery systems in the U.S.
arsenal has shifted and details the current composition of the U.S. nuclear
force. The second chapter examines the impetus for the GBSD program and
the fiscal context in which it is planned. It reviews the Air Force’s analysis of
alternatives for GBSD and explains the differences between competing cost
estimates for the program. The third chapter evaluates options to modernize
or extend the life of the ground-based leg of the triad, and the final chapter
offers conclusions and key questions for policymakers to consider. This study
does not recommend a particular option; instead, it offers comparisons and
insights to help policymakers understand the full range of options available
and their consequences.
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The Role of Ground-Based ICBMs
in U.S. Nuclear Deterrence
In the early years of the Cold War, the United States and the Soviet Union raced to develop nucleararmed missiles with progressively greater ranges. Ground-based intercontinental ballistic missiles
(ICBMs) and submarine-launched ballistic missiles (SLBMs) were intended to complement existing
nuclear forces—mainly bombers at the time—by providing a prompt-strike capability with the
range to travel directly between the two nations. Bombers took hours to reach their targets, gave
an adversary clear warning, and could be thwarted by air defense systems. Missiles, however, could
strike targets in 30 minutes or less and were much more difficult to defend against.
As Bernard Brodie notes in his seminal text, Strategy in the Missile Age, effective nuclear deterrence
does not rely on having forces capable of winning a war, although such a force may also have a
significant deterrent value. Rather, nuclear deterrence relies on having forces that can survive a
massive attack and still inflict enough damage to make it undesirable for an adversary to launch an
attack in the first place.1 In other words, nuclear deterrence works when an adversary perceives that
the costs of launching a nuclear attack exceed the potential benefits.

STRENGTHS AND WEAKNESSES OF EACH LEG OF THE TRIAD
The primary purpose of U.S. nuclear forces today is to provide an effective deterrent against nuclear
attack. Each leg of the nuclear triad contributes to that deterrence in different ways. The airborne
leg of the triad consists of short-range fighters and long-range, nuclear-capable bombers. Over the
years, these aircraft have carried various combinations of direct strike weapons (i.e., gravity bombs)
and air-launched nuclear cruise missiles. One of the main advantages of airborne platforms is
that they can be used to provide an overt signal to an adversary during a crisis. For example, they
can be launched toward a target or forward-stationed as a show of force. The airborne leg of the
triad is also unique because airborne platforms can be recalled or redirected to different targets in
flight, and they maintain a human-in-the-loop throughout the mission. However, airborne delivery
vehicles are also vulnerable to attack. They can be shot down by sophisticated air defense systems
(if detected) or destroyed on the ground if crews are not able to get airborne before a strike.

1. Bernard Brodie, Strategy in the Missile Age (Princeton: Princeton University Press, 1959), iv - viii.
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From left to right: Figure 1: A B-52 Stratofortress launches from Andersen Air Force Base. Photo courtesy of the U.S. Air Force.
		
Figure 2: The USS Henry M. Jackson (SSBN 730). Photo courtesy of the U.S. Navy.

SLBMs comprise another leg of the U.S. nuclear triad. The advantage of SLBMs is that
they are difficult for an adversary to locate and neutralize preemptively. Submarines can
remain undetected for long periods of time and launch their missiles without warning from
unpredictable locations. SLBMs provide an assured second-strike capability and are regarded by
many as the most survivable leg of the triad. However, because they must remain hidden deep
under the ocean to be effective, submarines are not useful for signaling in a crisis, which is a
critical element of deterrence theory. Submarines may also need several hours or days to relocate
to an appropriate location for launch, depending on how far they are from their assigned targets
when a crisis occurs, and even then, their missiles may not be able to reach all targets. Moreover,
SLBMs cannot be recalled or retargeted once they are launched.
Ground-based ICBMs serve two main functions in the nuclear triad: as a missile sponge (i.e., a
target likely to draw fire) and as a first-strike weapon. ICBMs are geographically dispersed in
underground silos so that an adversary will need to expend at least one warhead per missile to
neutralize them in a preemptive attack, greatly increasing the number of targets and the scale of
attack required to be effective. ICBMs force an adversary to strike targets on the U.S. mainland if
it wants to degrade U.S. nuclear forces, thereby significantly increasing the credibility and severity
of a U.S. retaliatory attack with whatever forces remain. ICBMs also provide a prompt first-strike
capability because (unlike aircraft and SLBMs) nearly all missiles are on alert at all times and can
launch within minutes. A major weakness in ICBMs, however, is that their use is highly dependent on
early warning systems detecting an incoming salvo of missiles. In this situation, the U.S. president
would have a matter of minutes to decide whether to launch based solely on warning indications of
an impending attack (rather than an actual confirmed attack) or risk losing some or all of the ICBM
force. And like SLBMs, once ICBMs are launched they cannot be recalled or retargeted.
Each leg of the triad also differs in their ability to perform non-nuclear missions. The airborne leg
of the triad is somewhat unique because the aircraft used for nuclear missions also have many
non-nuclear missions, and nuclear-capable bombers are routinely used in conventional conflicts.
The submarine-launched leg of the triad is primarily used for the nuclear mission, but could in
theory be adapted for some limited non-nuclear capabilities. For example, they could be used to
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conduct surveillance or carry special operations forces.2
The ground-based leg of the triad, however, has only one
mission: nuclear deterrence.

Figure 3: A Minuteman III launches from Vandenberg
Air Force Base. Photo courtesy of the U.S. Air Force.

EVOLUTION OF ICBMS IN THE U.S. NUCLEAR ARSENAL
From 1959 through the 1960s, the United States rapidly
developed and fielded successive generations of nucleararmed ICBMs, each with improved range, reliability, and
payload. The early ICBM program was a top priority for
military leaders at the time, and some have noted that it
resembled the Manhattan Project in both its scale and
challenge.3 The first wave of ICBMs in the U.S. arsenal (Atlas
and Titan) were liquid-fueled, which made them more
difficult to maintain in a high state of readiness because
cryogenic propellants had to be loaded before launch. The
missiles were also located above ground, which made them
more vulnerable to attack.4 Some in the Air Force began to
view ICBMs skeptically. This was due in large part to their
reliability issues, which were highlighted by a successive
string of dramatic test failures in the first half of 1960.5
However, the Air Force’s skepticism was also partially due to
the inherent vulnerability of ICBMs. If the missiles required
several minutes for fueling and other preparations before
launch, they could be destroyed in a surprise attack while still
on the ground. General Curtis LeMay, Commander in Chief of
Strategic Air Command, viewed early ICBMs as “political and
psychological weapons” and as “penetration aids” for manned
bombers rather than warfighting systems in their own right.6
The skepticism about the utility of ICBMs gradually faded as the Air Force fielded better missiles.
The introduction of the Minuteman I missile in particular—the first solid-propellant ICBM in the
U.S. arsenal—proved to be a significant advancement in capabilities. The use of solid-propellant
eliminated the need for rapid and dangerous fueling before launch and greatly improved the
reliability and readiness of missile squadrons. Missiles could now maintain a high-level of alert
and launch within minutes, making them less vulnerable to surprise attack. By the late 1960s, the
military had retired the majority of the liquid-fueled Atlas and Titan missiles, and the solid-fueled
Minuteman family of missiles dominated the U.S. ICBM inventory, as shown in Figure 4.7
2. Ronald O’Rourke, “Navy Trident Submarine Conversion (SSGN) Program: Background and Issues for Con
gress,” (Congressional Research Service, May 22, 2008).
3. Jacob Neufeld, The Development of Ballistic Missiles in the United States Air Force 1945-1960 (Office of Air
Force History, United States Air Force, Washington, D.C., 1990), 119-120.
4. Bernard Nalty, USAF Ballistic Missile Programs 1962-1964 (USAF Historical Division Liaison Office, April 1966), 4.
5. Neufeld, 215.
6. Ibid, 121.
7. For a complete list of data sources used in this figure, see Appendix B of this report.
Options for the Ground-Based Leg of the Nuclear Triad
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Figure 4: U.S. ICBM Forces by Missile Type, 1959 to Present.

Development of the Minuteman III missile began in the late 1960s, with the first missiles entering
operational service in 1970. The Minuteman III (LGM-30G) was not an entirely new design, and
there was some debate initially over whether to give it a new name. The first and second stages
were inherited from the Minuteman II (LGM-30F), and an improved third stage was added along
with upgrades to the guidance and reentry systems. The Minuteman III was the first U.S. missile to
have multiple independently targetable reentry vehicles (MIRVs), which was especially important
given the intelligence at the time regarding potential Soviet developments of anti-ballistic missile
systems. Although the Air Force flirted with the idea of deploying mobile Minuteman IIIs in the
early 1960s, it ultimately decided to base them entirely in underground silos.8
Since the initial fielding of Minuteman IIIs in the 1970s, the Air Force has used several modernization
programs to maintain the reliability and effectiveness of the missiles. An aging surveillance program
was initiated early on to monitor how the performance and reliability of the missile’s components
degraded over time. Originally the missile was slated to be replaced in ten years,9 which was a
reasonable estimate given the rapid advances the United States was making in rocket and missile
technology in the 1960s. However, the development of ICBMs slowed considerably following the
signing of the first Strategic Arms Limitation Talks agreement (SALT I) in 1972. This treaty effectively
limited the deployment of additional missiles unless offsetting reductions were made in other nuclear
forces. In the decades that followed, additional limitations were negotiated that further reduced
the size of each nation’s overall nuclear arsenal. As shown in Figure 5, the United States made
significant reductions in each leg of the triad, with the largest percentage of reduction occurring in
the nuclear bomber force.
8. Nalty, 43-47.
9. “Strategic Deterrence Systems,” Boeing, 2017, http://www.boeing.com/defense/strategic-deterrence/.
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Figure 5: U.S. Strategic Nuclear Delivery Systems and Warheads, 1959 to Present.

In 1979, the Air Force began development of a new ICBM initially called the MX missile (or MissileeXperimental), which later became known as the Peacekeeper. The initial goal was to create a
more survivable ICBM force by fielding a mobile missile that could be periodically moved among
different shelter sites to complicate targeting for the Soviets. The concept initially called for
200 deployed Peacekeeper missiles and 4,600 protective shelters. When U.S. President Ronald
Reagan took office, he announced a new plan to modernize ICBM forces. In contrast to the original
deployment plan, Reagan proposed fielding 100 Peacekeeper missiles in existing silos that had
been modified to be more protected against nuclear attack. Congress objected to this plan because
the missiles would not be substantially more survivable, and in 1985 it passed legislation limiting
the number of Peacekeepers deployed in silos to 50 and prohibiting the deployment of additional
missiles unless a new basing mode was authorized by law.10
The U.S. inventory of deployed ICBMs in 1990 consisted of 500 Minuteman IIIs, 450 Minuteman IIs,
and 50 Peacekeepers. As the Soviet Union began to unravel, U.S. President George H. W. Bush and
Soviet President Mikhail Gorbachev signed the Strategic Arms Reduction Treaty (START) in July 1991,
which reduced the number of warheads and the total number of delivery systems for both sides.
In an address to the nation two months later, President Bush announced that the United States
would immediately remove all 450 Minuteman II missiles from alert status and terminate the
mobile Peacekeeper ICBM development program, rather than wait to make the reductions required
under START.11 These unilateral measures were intended as a show of good faith to reduce tensions
and encourage the Soviets to follow suit. In 1993, the United States and Russia signed the START
10. United States Government Accountability Office, “ICBM Modernization: Status, Survivable Basing Issues, and need to Reestablish a National Consensus,” September 1986, 10-12, http://www.gao.gov/assets/150/144676.pdf.
11. George H. W. Bush, “Address to the Nation on Reducing United States and Soviet Nuclear Weapons,” (speech,
Washington, D.C., September 27, 1991), The American Presidency Project, http://www.presidency.ucsb.edu/
ws/?pid=20035.
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II treaty, which banned the use of multiple independently targetable reentry vehicles on ICBMs.
While the START II limits never went into effect, the United States nevertheless decided to retire
the Peacekeeper missiles and keep only one warhead per missile in the Minuteman III—the only
remaining ICBM in the U.S. inventory.
As the size and capabilities of the ground-based leg of the U.S. nuclear triad evolved, the role of
ICBMs in the nuclear triad also evolved. As shown in Figure 6, ICBMs averaged roughly 51 percent
of the total number of strategic nuclear delivery systems throughout the 1970s and 1980s, with
bombers and SLBMs averaging 18 percent and 31 percent, respectively. Following the end of the
Cold War, the total inventory of strategic delivery systems declined, and the mix of capabilities
shifted toward a heavier reliance on ICBMs and SLBMs. While ICBMs fell from 1,000 deployed
in 1990 to 400 today, they are a larger share of the total arsenal of strategic delivery systems, as
shown in Figure 6.12 At present, ICBMs represent 57 percent of strategic nuclear delivery systems in
the U.S. arsenal, compared to 9 percent for bombers and 34 percent for SLBMs.
Figure 6: Composition of U.S. Deployed Strategic Nuclear Delivery Systems

NEW START LIMITATIONS
In 2010, the United States and Russia signed a new arms reduction treaty, known as New START, to
make further reductions in the number of nuclear warheads and strategic delivery systems held by each
country. The treaty, which officially went into effect in February of 2011, requires that each side meet
the limitations of the treaty no later than February of 2018. Under the agreement, each nation can have
no more than 700 total deployed ICBMs, SLBMs, and bombers; no more than 800 deployed and nondeployed ICBM launchers, SLBM launchers, and bombers; and no more than 1,550 nuclear warheads on
deployed ICBMs, SLBMs, and bombers. Importantly, bombers only count as one warhead and one delivery
system under the rules of the treaty, even if they carry multiple bombs and cruise missiles.13
12. For a complete list of data sources used in this figure, see Appendix B of this report.
13. United States Department of State, New Strategic Arms Reduction Treaty (New START): Text of the Treaty,
https://www.state.gov/documents/organization/140035.pdf.
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The treaty provides flexibility for each nation in how they achieve the allowable aggregate force
levels. The United States has chosen to implement the treaty by deploying 400 ICBMs, 240 SLBMs, and
60 bombers.14 However, nothing in the treaty precludes the United States from changing the mix of
nuclear delivery systems in its deployed force provided it remains under the caps established by the
treaty. The treaty expires in 2021, but it could be extended by mutual agreement.

CURRENT STATE OF THE ICBM FORCE
In June 2017, the Air Force announced that it had already met the reductions in ICBMs necessary for
compliance with New START. The fleet of Minuteman III ICBMs consists of 400 missiles operationally
deployed in underground silos across Wyoming, Montana, and North Dakota.15 The Minuteman III has
a range of at least 6,000 miles (the exact figure remains classified) and can carry up to three warheads,
although the United States has chosen to deploy only one warhead per missile.16 It can carry either
the W78 warhead with a reported yield of 335-350 kilotons17 or the W87 warhead with a reported
yield of 300 to 475 kilotons.18 Once launched, the Minuteman III is fully autonomous, using inertial
navigation and its on-board guidance system to both direct its flight and decide when it has reached the
appropriate conditions to detonate its warhead.
Since it was initially fielded in the 1970s, the Minuteman III has undergone many upgrades and
modifications to the missiles, silos, command and control facilities, and other support facilities for the
weapon system. The most involved modernization programs began in the late 1990s as the missiles
began to approach thirty years of age. The Propulsion Replacement Program replaced the solidpropellant cores of the missiles, which were anticipated to begin deteriorating in the early 2000s. The
Air Force also conducted a guidance system replacement program to replace the guidance computer
and other navigation components on the missiles.19 With these and other upgrades, the missile fleet is
projected to remain reliable and effective through the late 2020s.20

14. United States Government Accountability Office, “NUCLEAR WEAPONS: DOD Assessed the Need for Each
Leg of the Strategic Triad and Considered Other Reductions to Nuclear Forces,” September 22, 2016, 5-6,
http://www.gao.gov/assets/680/679952.pdf.
15. Rachel Karas, “Formal ICBM maintenance intends to normalize sustainment for GBSD,” Inside Defense, June 23,
2017, https://insidedefense.com/daily-news/formal-icbm-maintenance-intends-normalize-sustainment-gbsd.
16. “LGM-30G Minuteman III,” Air Force Global Strike Command, April 6, 2017, http://www.afgsc.af.mil/Library/
Fact-Sheets/Display/Article/630719/lgm-30g-minuteman-iii/.
17. “The W-78 Warhead,” The Nuclear Weapon Archive, 2001, http://nuclearweaponarchive.org/Usa/Weapons/
W78.html.
18. Ibid.
19. “Minuteman III Guidance and Propulsion Replacement Programs,” The Office of the Director, Operational Test
and Evaluation, 2002, http://www.dote.osd.mil/pub/reports/FY2002/pdf/af/2002MinutemanIIIGPRP.pdf.
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, July 2016) 5.
Options for the Ground-Based Leg of the Nuclear Triad
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02
Impetus for a Replacement
Program
T

he Air Force is now in the early stages of initiating a replacement program for the Minuteman
III, known as the Ground Based Strategic Deterrent (GBSD). In the FY 2018 President’s Budget
Request, the Air Force requests $5.6 billion over the next five years for the GBSD program. In August
2017, the Air Force selected two contractors to begin the Technology Maturation and Risk Reduction
(TMRR) phase of the project.21 In FY 2021, it plans to select a single contractor for the Engineering
and Manufacturing Development phase. The program aims to deliver a “full, integrated weapon
system capability” by FY 2029.22
Figure 7: Funding for the GBSD Program in the FY 2018 Budget Request

21. United States Department of Defense, Press Announcement of Contract Awards, Release No. CR-161-17,
August 21, 2017, https://www.defense.gov/News/Contracts/Contract-View/Article/1284769/.
22. United States Department of Defense, “Department of Defense Fiscal Year (FY) 2018 Budget Estimates, Air
Force, Justification Book Volume 2 of 3 Research, Development, Test & Evaluation, Air Force Vol I-II,” May
2017, 167-175, http://www.saffm.hq.af.mil/Portals/84/documents/Air%20Force%20Research,%20Development,%20Test%20and%20Evaluation%20Vol-II%20FY18.pdf?ver=2017-05-23-160041-060.
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The timing of the GBSD program is driven primarily by the age and quantity of missiles in the current
inventory. The development of the Minuteman III missile began in 1966, and production continued
through 1977.23 The propulsion replacement program in the early 2000s also occurred within a tight
timeline because the original missiles’ solid-propellant cores began to age out (i.e., reach the end of
their expected useful life) over a relatively short period. Because those missiles were “re-cored” within a
short period of time in the early 2000s, the Air Force now estimates that nearly all the missile cores in
the inventory today will begin to age out within a six-year period from 2029 to 2035.24 When a missile
core begins to age out, the probability of a failure occurring during launch increases exponentially. 25
The missiles could go through another propellant replacement program, as they did in the 2000s, to
re-core the missiles and extend their lives for another 30 years. The missile guidance system would
also need to be replaced around the same time, and the silos and ground infrastructure that support
the missiles would need modernization. Even with these life extension programs, the dwindling
number of missile bodies that remain in the inventory would still pose a challenge.
As of 2017, the Air Force has approximately 500 Minuteman III missiles in the total inventory,
including 400 deployed missiles and the remaining spares reserved for testing. Current plans call for
using an average of 4.5 missiles per year for live fire tests. At this rate, the total inventory of missile
bodies will drop below 400 by 2040.26 Even if the missiles are re-cored, the Air Force would need
additional missile bodies to maintain a force of at least 400 deployed missiles as called for under
the current implementation plan for New START. Since the Minuteman has not been in production
for forty years, a new missile would need to be designed, tested, and declared operational by that
time. Alternatively, the Air Force could slow the rate of missile tests to stretch the inventory of missile
bodies. Reducing the test rate to 3 per year, for example, would mean the inventory of missile bodies
would not drop below 400 until 2050.

23. “The Minuteman III ICBM,” The Nuclear Weapon Archive, October 1997, http://nuclearweaponarchive.org/
Usa/Weapons/Mmiii.html.
24. United States Air Force, Cost Comparison, 5.
25. See: Air Force Nuclear Weapons Center Intercontinental Ballistic Missile (ICBM) Systems Directorate, “Minuteman III Propulsion Replacement Program,” undated briefing, 11.
26. United States Air Force, Cost Comparison, 5.
Options for the Ground-Based Leg of the Nuclear Triad
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BUDGET CHALLENGES
One of the main challenges facing the GB SD program is that its peak years of funding overlap with
several other major acquisition programs. Air Force leaders have repeatedly stated that their top
three acquisition priorities are the F-35 Joint Strike Fighter, the B-21 bomber, and the KC-46A aerial
refueling tanker.27 The GBSD program is notably absent from this list, even though the most recent
budget request projects that by FY 2022 funding for the GBSD program would rival that of the B-21
and KC-46A programs, as shown in Figure 8.
Figure 8: Funding for GBSD, F-35A, B-21, and KC-46A in the FY 2018 Budget Request

The budget challenges for GBSD extend beyond just the Air Force’s budget. Other major
components of the U.S. nuclear triad are due for modernization at the same time, including the
Navy’s Columbia-Class submarine program, all of the warheads and bombs maintained by the
Department of Energy, nuclear command and control systems, and tactical delivery systems. Beyond
just nuclear programs, some 120 major acquisition programs planned or already in progress are
poised to create a modernization bow wave that will likely crest at nearly the same time as the
GBSD program.28 Moreover, the budget projections for all these acquisition programs assume that
defense will be granted relief from the Budget Control Act budget caps, which are in effect through
FY 2021. The FY 2018 president’s budget projects that the base national defense budget will $54
billion higher than the budget caps allow for FY 2018 and a total of $213 billion higher than the FY
2018 to FY 2021 caps allow. In congressional testimony, Defense Secretary James Mattis
27. David L. Goldfein, “Long-term Budgetary Challenges Facing the Military Services and Innovative Solutions for
Maintaining our Military Superiority,” 114th Cong., testimony, (September 15, 2016), https://www.armed-services.senate.gov/imo/media/doc/Goldfein_09-15-16.pdf.
28. See Todd Harrison, “Defense Modernization Plans through the 2020s: Addressing the Bow Wave,” Center for
Strategic and International Studies, January 2016, https://csis-prod.s3.amazonaws.com/s3fs-public/legacy_files/files/publication/160126_Harrison_DefenseModernization_Web.pdf.
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has argued that an even higher level of funding will be needed to follow through on the Trump
Administration’s plans to grow the military. 29
Figure 9: Comparison of Budget Requests and the BCA Budget Caps for the Base National Defense Budget

Congress has enacted three budget deals since 2011, which raised the national defense budget
caps by a cumulative $81 billion for FY 2013 to FY 2017. In addition, both Congress and DoD have
exploited a loophole in the law—namely that Overseas Contingency Operations funding is not
capped—to add base defense funding beyond what the budget caps allow. These budget deals
and maneuvers have largely protected defense from the full effects of the Budget Control Act.30
It is possible that Congress and the Trump administration will continue using this loophole in
the coming years. However, if these budget tactics are not sufficient to provide the higher level of
funding requested in the President’s budget proposal, DoD may be forced to make reductions in
its plans. In particular, the Air Force may be forced to make choices among its major acquisition
programs, including the GBSD program.

ANALYSIS OF ALTERNATIVES
The 2010 Nuclear Posture Review (NPR) committed DoD to beginning an analysis of alternatives
(AoA) to replace the current fleet of Minuteman III ICBMs. It also stated that this analysis would
“consider a range of possible deployment options, with the objective of defining a cost-effective
approach that supports continued reductions in U.S. nuclear weapons while promoting stable

29. Aaron Mehta, “DoD needs 3-5 percent annual growth through 2023, top officials say,” Defense News, June
13, 2017, http://www.defensenews.com/pentagon/2017/06/13/dod-needs-3-5-percent-annual-growththrough-2023-top-officials-say/.
30. See: Todd Harrison, “What Has the Budget Control Act of 2011 Meant for Defense?” (Center for Strategic and International Studies, August 1, 2016), https://www.csis.org/analysis/what-has-budget-controlact-2011- meant-defense.
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deterrence.”31 In August 2012, the Joint Chiefs of Staff directed the Air Force to begin the AoA
comparing a life extension program for the Minuteman III with various options for a replacement
missile system. The Air Force completed its analysis in July 2014, and the Office of Cost Assessment
and Program Evaluation (CAPE) completed its review in November 2015.32
The Air Force’s analysis found that “the costs to develop a new, more capable ICBM is less than the
costs to extend the life of the existing MMIII capability.”33 On the surface, this conclusion appears
to be counterintuitive, because the Air Force is saying that buying a brand-new, more capable
missile will cost less than extending the life of existing missiles. Moreover, it is at odds with a
RAND Project Air Force study conducted in 2014, which determined that the least expensive option
available was incremental modernization of the existing Minuteman III missiles.34 It appears that
the Air Force arrived at its conclusion due to several key limitations in how the AoA was conducted.
First, the Air Force compared the total lifecycle cost of each option over sixty years (FY 2016 to FY
2075). Evaluating costs over the projected life of a system is standard practice in AoAs. In the case
of the Minuteman III, however, it meant that the life extension option not only included the costs of
extending the life of the missiles but also the costs of building a new fleet of replacement missiles.
This is because, as previously discussed, the current inventory of missile bodies will be depleted
over time due to live-fire tests and thus new missiles will need to be designed, tested, and procured
to maintain the size of the missile inventory.
Second, the Air Force’s cost estimates “reflect the direction to maintain the capability to place 450
missiles on alert,” rather than the 400 missiles currently on alert.35 At the time that the AoA was
conducted, 450 missiles remained on alert, and plans for implementing the New START reductions
had not been finalized. Under the life-extension program option, the number of missiles bodies falls
below 450 in 2035 due to the current test rate of 4 to 5 missiles per year. With these requirements,
a replacement missile program would need to be initiated in the early 2020s—only a few years later
than the current GBSD program. Given the constraints placed on the AoA, the life-extension option
analyzed by the Air Force is really an option to re-core and then almost immediately replace the
missiles. Thus, it makes sense that the total lifecycle cost of re-coring and replacing the missiles is
more than just replacing the missiles.

COMPETING COST ESTIMATES
The Air Force’s analysis has also come under fire because its cost estimate for the GBSD program
may have been too optimistic. As is typical for major acquisition programs, CAPE conducted an
independent cost estimate for the GBSD program. The Air Force estimated the cost of the GBSD
program to be $62.3 billion in then-year dollars (i.e., not adjusted for inflation), but CAPE estimated
the cost to be at least $85 billion, also in then-year dollars. According to press reports, however, $85
31. United States Department of Defense, “Nuclear Posture Review Report” April 2010, 23, https://www.defense.gov/Portals/1/features/defenseReviews/NPR/2010_Nuclear_Posture_Review_Report.pdf.
32. United States Air Force, Cost Comparison, 4-5.
33. United States Air Force, Cost Comparison, 4.
34. RAND Corporation, “The Future of the U.S. Intercontinental Ballistic Missile Force,” 2014, 112, http://www.
rand.org/content/dam/rand/pubs/monographs/MG1200/MG1210/RAND_MG1210.pdf.
35. United States Air Force, Cost Comparison, 7.
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billion is only the low end of the CAPE cost estimate. The upper end of the estimate could be as
high as $140 billion—more than double the Air Force estimate.36
In its annual report to Congress, CAPE notes that “[t]he primary difference between the two
estimates is driven by the selection of data sources. The Air Force SCP [service cost position]
primarily relied upon historical Minuteman and Peacekeeper programs; the CAPE ICE [independent
cost estimate] used additional data from the Navy Trident II and the Missile Defense Agency Ground
Based Interceptor.” As CAPE notes, estimating the cost of a new ICBM is difficult because there is
little recent data, and much of the historical data available is of “very questionable quality.”37 Cost
estimation is the art of trying to predict the future, and using historical data to predict future costs
inherently involves a degree of uncertainty.

36. “Price Tag Rising for Planned ICBMs” Arms Control Association, October 2016, https://www.armscontrol.
org/ACT/2016_10/News/Price-Tag-Rising-for-Planned-ICBMs.
37. United States Department of Defense, “FY 2016 Annual Report on Cost Assessment Activities,” January
2017, http://www.cape.osd.mil/files/Reports/CA_AR_2016.pdf.
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03
Options for ICBM Modernization
B

efore proceeding with a major acquisition program to replace the current fleet of ICBMs, policymakers should consider options across a wide range of alternatives. The Air Force analysis
of alternatives provided a comparison of options within the requirements given to the study team.
But policymakers should not be limited by current requirements, such as the minimum number of
deployed missiles and the number of missiles expended for annual testing, because these requirements are ultimately matters of policy and strategy.
This chapter takes a broader look at the options available to policymakers for the future of
the ground-based leg of the nuclear triad. In particular, it examines the impact each option
would have on the size of the missile force over time. Cost is also a key consideration for each
alternative. However, a review of the publicly available cost data from prior ICBM programs and
other related missile programs shows that the fidelity of cost estimates needed in order to make
direct comparisons among alternatives cannot be obtained from the limited data available. This
is consistent with the conclusions offered by CAPE in its explanation of the differences between
the CAPE and Air Force cost estimates. For example, if the estimated costs of two alternatives are
within 5 percent of one another but the confidence interval of each estimate is plus or minus 30
percent, then the comparison is inconclusive. This analysis, therefore, offers a qualitative rather than
quantitative description of relative costs.

BASELINE: GBSD PROGRAM OF RECORD
The baseline option used for comparison in this analysis is the current program of record for GBSD.
In the FY 2018 budget request, the Air Force states that its goal is to begin delivering operational
missiles in 2029. The TMRR phase, which only recently began, will culminate in late FY 2020 with a
preliminary design review, at which point the Air Force plans to down-select to a single contractor
to begin the EMD phase of the program. The EMD phase will continue beyond 2022, and no other
detailed plans are included in the budget justification documents.38 The current program of record
is arguably the most aggressive modernization plan that could be realistically executed. Other
options were initially considered, such as developing a new missile with a new basing approach
(road-mobile or rail-mobile missiles), but these options were not pursued, in part because they
would likely take longer, carry higher development risk, and cost more.

38. United States Department of Defense, “Department of Defense Fiscal Year (FY) 2018 Budget Estimates, Air
Force,” 167.
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Press reports indicate that the Air Force plans to procure a total of 642 missiles.39 Although current
plans call for maintaining no more than 400 deployed missiles, a higher number of missiles needs
to be procured to provide a sufficient inventory for testing over the life of the weapon system.
Assuming testing continues at an average rate of 4.5 missiles per year (the current test rate for
the Minuteman III) and including the additional missiles that would be needed for testing during
development in order to both validate requirements and demonstrate that the missile is safe and
reliable, the extra inventory of GBSD missiles planned should be sufficient to last approximately 50
years. While the solid rocket motor cores of the missiles may need to be re-cored sooner than that,
the number of missile bodies in the inventory should be sufficient to support a deployed force of
400 missiles through 2079.
The Air Force has not yet released a detailed program plan showing the expected delivery dates of
missiles by year. Figure 10 is an estimation of the missile fielding plan which begins in 2029 and
follows a typical ramp to full rate production of 60 missiles per year by 2033.40 Production is timed
in the estimate so that new missiles are fielded in sufficient numbers to prevent the total deployed
inventory from dropping below 400 in any year. Although 642 missiles would be procured, the total
available inventory would not exceed 600 in any year, because a significant number of missiles
would be expended for testing before the fielding of new missiles is completed.
Figure 10: Estimated Missile Inventory for the Current GBSD Program of Record

39. Brian Everstine, “Effort to overhaul nuclear missile system expected to begin this fall,” AirForce Times, July
11, 2015, https://www.airforcetimes.com/articles/effort-to-overhaul-nuclear-missile-system-expected-tobegin-this-fall.
40. The projected age-out of existing Minuteman IIIs is derived from: United States Air Force, Cost Comparison, 4.
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ALTERNATIVE 1: CANCEL GBSD AND DO NOTHING
One alternative to the program of record would be to do nothing—cancel the GBSD program and
not replace or extend the life of the current missiles. This is the lowest cost option possible, short
of immediately retiring all ICBMs. As shown in Figure 11, doing nothing to replace or extend the
life of the existing missiles would result in a precipitous decline in inventory in the early 2030s.
This decline is primarily due to the solid-propellant cores reaching the end of their projected life.
In 2032, The number of missiles would drop below the current New START level of 400, and all
missiles would be past their projected life by 2037.
Slowing the test rate of ICBMs to 3 per year instead of 4.5 per year would have little effect on
this decline. More missiles would remain in the inventory through 2031, but these missiles solid
propellant cores would age out in the early 2030s as well. However, keeping missiles past their
expiration date could delay the drop in missile inventory by a proportionate amount of time. For
example, if the Air Force kept missiles for three years beyond their expiration, it would delay the
drop in inventory by three years.
Even if the test rate is slowed and missiles are kept past their expiration, this option would
ultimately result in the elimination of the ground-based leg of the triad, which would have strategic
implications beyond the scope of this study. To mitigate the effects of this option on the total
number of strategic delivery systems, the United States could rely more heavily on the airborne leg
of the triad. The B-21 bomber is expected to begin fielding in the mid-2020s, with 100 bombers
currently planned. If all of these bombers are made nuclear-capable and the existing fleet of B-52
and B-2 nuclear-capable bombers remain in the inventory, it could compensate for some of the
reduction in ICBMs. Although the United States would still remain roughly 300 strategic delivery
systems below the New START limit.
Figure 11: Estimated Missile Inventory for Cancelling the GBSD Program
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ALTERNATIVE 2: DELAY GBSD PROGRAM
A second alternative to the current program of record is to delay the GBSD program. Figure 12
shows the impact of a three-year delay, assuming no program is initiated to extend the life of the
existing missiles. The delay creates a “bathtub” in the inventory of missiles, falling below the current
New START level of 400 deployed ICBMs from FY 2032 through FY 2039. The GBSD program’s
degree of sensitivity to a slight delay also suggests that the current program has little room in its
schedule for unforeseen delays and may be at risk of not being able to maintain a force of 400
deployed missiles during the transition period from Minuteman III to GBSD. Delays are common
in major acquisition programs due to budget and technical challenges, and it is possible that the
GBSD program will encounter delays regardless of what policymakers intend.
The total cost of this option over the life of the program would be similar to the baseline because
it includes the full GBSD program only delayed by three years. The main difference is that the costs
would be shifted so that the peak years of funding for the program would not occur until the late
2020s and early 2030s. This would help smooth the bow wave of modernization programs within
the Air Force’s portfolio and somewhat reduce the extent to which the GBSD program competes for
funding with the F-35, B-21, and KC-46A programs.
For some, the potential deterrence risk created by a temporary reduction in missiles may not be
worth the near-term savings and budgetary smoothing achieved by delaying the program. These
policymakers may want to mitigate the reduction in inventory by other means. One option is to
use additional nuclear-capable bombers to compensate for a lower number of ICBMs during the
bathtub period, which is already allowed under New START. As previously mentioned, the Air Force
plans to buy 100 B-21 bombers beginning in the mid-2020s. While a detailed schedule for the B-21
program has not been released, the timeline for fielding these aircraft roughly corresponds to the
period in which the missile inventory falls below the New START threshold. Moreover, the number
of new bombers currently planned is nearly enough to fill the gap each year, assuming no existing
nuclear-capable bombers are retired during the 2030s
Figure 12: Estimated Missile Inventory for a Three-Year Delay in the GBSD Program
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ALTERNATIVE 3: DELAY GBSD PROGRAM AND KEEP MISSILES PAST EXPIRATION
A related option is to delay the GBSD program by three years and keep existing Minuteman III
missiles past their expiration without a life extension. The risk in doing this is that as the solidpropellant cores in the missiles age, the probability of failure at launch grows exponentially. For
example, a missile core that is 30 years old has an estimated probability of grain failure at ignition
of 1.3 percent. At 33 years of age, the probability of failure grows to 3.8 percent.41 To keep the
number of missiles in the inventory from falling below 400, a three-year delay in the GBSD program
would need to be matched with a policy change to keep some missiles up to three years longer
than currently planned, as shown in Figure 13.
This raises the question of how important reliability is for the ground-based leg of the triad and
how it affects the deterrence calculus of other countries. If the primary purpose of the ICBM force is
to deter an attack by acting as a missile sponge, then quantity is arguably more important than
reliability. At extremely high levels of unreliability, an adversary could begin to disregard the
missiles altogether. At the range of failure rates discussed here (up to 3.8 percent), though, that
adversary would still need to target all of the ICBMs to neutralize them. Even if some of the
missiles are less reliable, neither the United States nor its adversaries would know in advance
which specific missiles would fail on launch. In the inventory plan shown in Figure 13, the number
of missiles that would be expected to fail on launch due to the age of the solid-propellant core
would not exceed 3.4 (out of more than 400 total missiles) in any year. In other words, if the order
was given to launch all missiles, one would expect 3 or 4 to fail on launch due to the missile being
kept past their expiration. Admittedly, this is a game of Russian roulette with extraordinary
consequences. Policymakers may not be willing to accept the political risks involved.
Figure 13: Estimated Missile Inventory for a Three-Year Delay in GBSD and Keeping Some Expired Missiles

41. Calculated using the probability function contained in the following briefing: Air Force Nuclear Weapons
Center Intercontinental Ballistic Missile (ICBM) Systems Directorate, “Minuteman III Propulsion Replace
ment Program,” 11.
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ALTERNATIVE 4: MIN UTEMAN III LIFE EXTENSION AND SLOWER TEST RATE
A fourth alternative is to begin a series of programs to extend the life of Minuteman III missiles,
similar to the life extension programs that occurred during the late 1990s and early 2000s. The life
extension programs would need to re-core the missiles, modernize the missile guidance system, and
upgrade the ground facilities and control systems that support the missiles, among other things.
The Air Force would also need to slow the test rate of missiles from an average of 4.5 missiles per
year to 3 missiles per year for this option to be viable. With these changes, the Minuteman III fleet
of missiles would stay above the New START limit of 400 through 2050, as shown in Figure 14. After
this point, the number of missiles would continue to decline gradually until the re-cored missiles
begin to reach the end of their assumed 30-year life in the early 2060s.
Unlike the life-extension option the Air Force considered in its analysis of alternatives, this option
does not include the procurement of a new fleet of missiles. This is possible because a slower test
rate prevents the number of missile bodies in the inventory from dropping below 400 until 2050. If
the test rate stayed at the current rate of 4.5 per year, the inventory would drop below 400 by 2040.
Moreover, the life-extension option in the Air Force AoA tried to maintain a minimum deployed
force of 450 missiles, which is more than the currently deployed force. This option shows that
with a slower test rate and a threshold of 400 missiles, the decision on a follow-on program can
be delayed by more than a decade. It also gives policymakers time to assess whether additional
reductions in nuclear forces are possible through negotiations.
This option would likely cost somewhat less than the current program of record because it is
effectively a piecemeal replacement of the current missiles by modernizing components and
subsystems as they reach the end of their expected design life. It would not provide any significant
new capabilities, instead aiming to merely maintain the capabilities and reliability of the current
weapon system. As such, it would not incur all of the up-front research, development, and testing costs
associated with a new missile development. The main fiscal benefit of this option, however, is that it
would spread the modernization costs more evenly over the next two decades and reduce the extent
to which ICBM modernization competes for resources with other major modernization programs.
Figure 14: Estimated Missile Inventory for a Minuteman III Life Extension Program and Slower Test Rate
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OTHER ALTERNATIVES
The alternatives presented above are intended to show a range of options and outcomes for
changes to the GBSD program. Many other alternatives are possible, including hybrid options
that incorporate various components of the alternatives presented here. Importantly, this analysis
does not consider alternatives that would cost substantially more than the current GBSD program.
For example, some have proposed changing the basing posture of the ICBM force, including the
development and fielding of a road-mobile or rail-mobile ICBM. These alternatives would likely
take longer to field, which would create a bathtub in the missile inventory, and increase costs. The
analysis also does not consider related modernization programs, such as the National Nuclear
Security Administration’s warhead modernization programs or the Air Force’s efforts to replace
the current fleet of UH-1N helicopters that support the ICBM fleet. These programs would still be
needed in each of the options considered—with the notable exception of Alternative 1 because it
fully eliminates the ground-based leg of the triad.
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Conclusion
S

everal factors should be considered when comparing alternatives for the ground-based leg
of the nuclear triad. Cost is among the primary concerns, especially considering that all legs
of the U.S. nuclear triad are due for modernization at the same time, including warheads and
other strategic and tactical delivery systems. While the total lifecycle costs of these programs
are important, a more pressing concern is the magnitude and timing of the peak years for annual
funding. In the annual appropriations bills, policymakers must continually balance the funding
demands of programs year by year. This task is made more difficult when the peak years of
funding for major programs overlap. While Alternative 1 would cancel the GBSD program entirely,
Alternatives 2 and 3 would help reduce this overlap by delaying the funding profile for GBSD by
three years. Alternative 4 would decrease the overlap in peak funding years by limiting the overall
magnitude of annual funding required through an incremental modernization approach.
Strategic concerns, such as the overall number of strategic delivery vehicles and the mix of
capabilities in the U.S. nuclear arsenal, are also a primary factor that should be considered. The
best course of action from a strategic perspective depends on the objectives of policymakers and
the role of ICBMs in the broader U.S. national security strategy. If the intent is to maintain the ICBM
force at current or higher levels indefinitely, the current program of record for GBSD is likely the
best option. The current GBSD program, however, is not entirely without risks, because there is little
room for unanticipated delays in the modernization schedule. As demonstrated in Alternative 2, a
relatively minor delay in the GBSD program due to unforeseen technical or budgetary challenges
would result in a significant drop in missile forces during the 2030s. If the potential for such a gap
in missiles is unacceptable, then policymakers may need to consider alternatives to the current
program of record or options to mitigate a potential shortfall in missiles.
Policymakers may also want strategic flexibility to change the mix of strategic nuclear delivery
systems or leave the door open to further reduction via treaty or other agreements. Alternatives 2,
3, and 4 considered in this analysis would give senior leaders more decision space to make such
changes in the future, albeit with attendant risks. Alternative 2 would create a temporary reduction
in the ICBM force that could be mitigated somewhat by additional nuclear-capable bombers,
while Alternative 3 would increase mission risks by keeping some missiles beyond their planned
expiration date. Alternative 4 would increase mission risks as well by reducing the test program
to three launches per year, which could reduce the amount of confidence in the performance of
missiles as they age.
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Given these factors and the range of alternatives available, Congress, DoD, and the White House
should consider the following key questions before committing to a course of action:

•

What should be the primary role of ICBMs in the U.S. nuclear force over the next 30 to 50
years? More specifically, should ICBMs primarily be a missile sponge intended to raise the
cost of a first strike against the United States, or should they be a quick-response strike
capability that is intended to impose costs on others?

•

Do ICBMs enhance the U.S. nuclear umbrella extended to allies and partners by increasing
the credibility and/or capability of a U.S. response?

•

Given current trends in proliferation and the reductions that have already been achieved
through arms control treaties, are further reductions desirable and/or feasible, either
through bilateral negotiations with Russia or multilateral negotiations that include other
major nuclear powers?

•

Given the changes in the nuclear threat environment that have occurred since the 1990s,
should the mix of strategic delivery systems in the U.S. nuclear arsenal be rebalanced? For
example, should the United States rely relatively more on nuclear-capable bombers, which
are dual-use and more flexible for signaling during a crisis, and relatively less on ICBMs?

•

What is the relative priority of nuclear modernization programs—and GBSD in particular—
compared to the major modernization programs planned for conventional forces?

The National Defense Strategy and Nuclear Posture Review currently under development should
help answer many of these questions. However, the GBSD program of record and test rate of
Minuteman III missiles continues concurrent with these two reviews. In this interim period,
policymakers could extend the decision space and avoid prematurely precluding alternatives. For
example, the Air Force could immediately reduce the test rate of existing Minuteman III missiles
to help preserve the number of missile bodies available and keep more alternatives viable. The
GBSD acquisition strategy may also need to be modified to include more off-ramps and contracting
options to give the Department greater acquisition agility to adjust the program if changes in
strategy and force posture are pursued at a later date. The future of the ground-based leg of the
nuclear triad presents an important, once-in-a-generation strategic choice that should not be
unnecessarily constrained by current acquisition plans, budgets, and requirements.
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Appendix A: Review of Significant
Arms Control Initiatives
BY EVAN LINCK
Nuclear arms control initiatives have been used as a tool to meet U.S. strategic goals since the late1960s.42 U.S. officials of the era viewed arms control as a logical alternative to the ongoing arms
race and a way to preserve assured-destruction deterrence. For instance, a 1969 National Security
Council memo concerning preparations for the first Strategic Arms Limitation Talks frames a desire
to maintain strategic balance as the impetus for pursuing talks. It states:
1. “Both the U.S. and the Soviet Union can launch a massively destructive attack on the other
after absorbing an all-out attack on its strategic forces.
2. Neither side in the foreseeable future can hope to be able to alter significantly this ability
to damage the other.
3. The present costs of strategic forces are large and will get significantly larger if additional
programs go unchecked.”43
Although the results of arms control agreements have been to limit or reduce the number of
nuclear weapons, reductions have always occurred within the confines of maintaining deterrence.
In general, earlier arms control initiatives focused on slowing the arms race and constraining force
structure. Later arms control agreements sought to reduce the number of weapons while preserving
flexibility in force structure. Taken together, these arms control initiatives are illustrative of the
changing nature of deterrence and the relative importance of each leg of the nuclear triad. Below
are the major terms of arms control initiatives between the United States and the Soviet Union/
Russian Federation.
The first Strategic Arms Limitation Talks agreement United States’ limited the United States and
Soviet Union’s strategic nuclear forces to the number of ICBM and SLBM launchers that were built

42. Nuclear arms control had been proposed as early as 1946 with the Baruch Plan. U.S. Representative to
the the United Nations Atomic Energy Commission, Bernard Baruch, submitted a plan to prohibit development of nuclear weapons and eventually disarm the United States. The Soviet Union viewed the plan as
favoring the United States and counter-proposed a plan that would require the U.S. to disarm first before
prohibiting development of nuclear weapons. Neither plan was approved. For more information, see:
Randy Rydell, “LOOKING BACK: Going for Baruch: The Nuclear Plan That Refused to Go Away,” Arms Control
Association, (June 2006), https://www.armscontrol.org/act/2006_06/LookingbackBaruch.
43. United States Department of State, “Document 6,” Foreign Relations of the United States, 1969–1976, Volume XXXIV, National Security Policy, 1969–1972 (Washington, DC: U.S. Government Printing Office, 1948),
https://history.state.gov/historicaldocuments/frus1969-76v34/d6.
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or under construction by 1972.44 In effect, this set the number of U.S. deployed ICBM launchers
to 1054 and SLBM launchers to 656. In order for either party to deploy more SLBM launchers, it
needed to eliminate an equivalent number of ICBM launchers.
The SALT II agreement (1979) was the first treaty to seek a reduction in nuclear launchers. The treaty
limited both sides to a total of 2,400 ICBMs, SLBMs, heavy bombers, and their associated air-to-surface
ballistic missiles (ASBM).45 By January 1, 1981, both the United States and Soviet Union had to reduce
their total nuclear force to 2,250 launchers. The treaty further limited the number of ballistic missiles
(ICBMs, SLBMs and ASBMs) equipped with multiple independent reentry vehicles (MIRVs) to 1,200 and
restricted ICBM deployment and development. Although President Carter signed the treaty, the U.S.
Senate did not ratify it, due to the Soviet invasion of Afghanistan.46 Despite this, the U.S. followed SALT
II limits until 1986.47
The Intermediate-Range Nuclear Forces Treaty (INF - 1988) required the United States and the Soviet
Union to eliminate all ground-launched intermediate-range (1000 km to 5500 km) and shorter-range
(500 km to 1000 km) ballistic missiles and cruise missiles (both nuclear and conventional), as well
as their support structures.48 Furthermore, both parties agreed to cease all development and testing
of these missiles. The treaty does not apply to air- and sea-launched missiles. Unlike other nuclear
treaties that have set end dates, this treaty has and will remain in effect indefinitely unless one or
both parties withdraw from the treaty.
The first Strategic Arms Reduction Treaty (START I - 1991) restricted the aggregate number of ICBMs,
SLBMs, and bombers to 1,600, and their associated warheads to 6,000, by 2001.49 Additionally, ICBMs
and SLBMs in aggregate could carry up to 4,900 warheads and have a throw-weight of 3,600 metric
tons. The treaty further banned the production of heavy ICBMs and SLBMs, restricted the maximum
number of warheads per missile to 10, set constraints on the quantity of deployed missile systems,
and limited the number of deployed mobile ICBM warheads and heavy ICBMs. By 1994, when the
treaty entered into force, the heavy and mobile ICBM limits only affected Russia, as only Russia
44. U.S. Department of State, “Interim Agreement Between The United States of America and The Union of Soviet
Socialist Republics on Certain Measures With Respect to the Limitation of Strategic Offensive Arms,” Bureau
of International Security and Nonproliferation, May 26, 1972, https://www.state.gov/t/isn/4795.htm.
45. U.S. Department of State, “Treaty Between The United States Of America And The Union Of Soviet Socialist Republics On The Elimination Of Their Intermediate-Range And Shorter-Range Missiles (INF Treaty),”
Bureau of Arms Control, Verification, and Compliance (December 1987), https://www.state.gov/t/avc/
trty/102360.htm#text.
46. Department of State,”Strategic Arms Limitations Talks/Treaty (SALT) I and II, Milestones in the History of
U.S. Foreign Relations, 1969-1976,” Office of the Historian, Bureau of Public Affair, https://history.state. gov/
milestones/1969-1976/salt.
47. ”U.S. to Break SALT II Limits Friday,” The Washington Post, November 27, 1986, https://www.washingtonpost.com/archive/politics/1986/11/27/us-to-break-salt-ii-limits-friday/796f8715-e76e-41be-822cdd33109813a9/?utm_term=.07cf37bd25b3.
48. U.S. Department of Defense, “Treaty Between the United States of American and the Union of Socialist Soviet Republics on Further Reduction and Limitation of Strategic Offensive Arms (START I),” Treaty Compliance (July 1991), http://www.acq.osd.mil/tc/treaties/start2/text.htm.
49. U.S. Department of Defense, “Treaty Between the United States of American and the Union of Socialist Soviet Republics on Further Reduction and Limitation of Strategic Offensive Arms (START I),” Treaty Compliance (July 1991), http://www.acq.osd.mil/tc/treaties/start2/text.htm.
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fielded mobile and heavy ICBM systems.50 The treaty also provided rules for reducing the number
of warheads attributed to a missile system. Of note, parties could only reduce warheads on three
systems, and the reduction could not surpass 1,250 warheads.
The treaty counted each missile and its launcher as one unit. If an ICBM or SLBM was removed
from its launcher, but the launcher remained operational, the missile was still counted as deployed.
Although the United States finished removing the Peacekeeper missile from silos in 2005, the silos
were not destroyed until 2015, which meant the missiles were still counted as deployed throughout
the duration of START I.51 Furthermore, 150 U.S. bombers and 180 Russian bombers counted as
carrying 10 and 8 warheads each, respectively, despite being able to carry up to 20 and 16 airlaunched cruise missiles (ALCM) each, respectively. Any bomber beyond those limits counted as its
full carrying capacity.
START I’s verification and compliance requirements included on-site inspections, agreement to
not interfere with the other country’s national technical means of verification (essentially satellite
photos), biannual data exchanges of force composition, and shared telemetry data from test
launches. START I had a 15-year lifetime with the option to extend by 5 years. The U.S. and Russia
chose not to extend the treaty beyond its original lifespan in favor of moving to New START. START I
expired December 5, 2009.
On September 27, 1991, President George H. W. Bush announced a unilateral reduction of deployed
nuclear forces in his first Presidential Nuclear Initiative (PNI).52 Spurred by the August coup attempt
on Mikhail Gorbachev, the initiative sought to engage Soviet reformers who were interested in
arms control.53 The Bush administration was particularly concerned about the successors of the
Soviet Union maintaining control over their dispersed nuclear arsenal, especially their tactical
nuclear warheads.54 Bush believed that a large and public weapons reduction would both compel
the Soviet Union to make similar reductions and achieve U.S. strategic and foreign policy goals. For
example, the initiative called for the immediate removal of naval tactical nuclear weapons, which
simultaneously satisfied a Soviet proposal from the Malta Arms Control Summit, placated American
allies’ concerns regarding nuclear weapons being located in their national waters during port visits,
and diminished the threat of a nuclear strike against U.S. fleets.55 Perhaps more importantly, the
administration believed that formal arms control negotiations would be protracted (the just signed

50. “Treaty between the United States of America and the Union of Soviet Socialist Republics on Strategic
Offensive Reductions (START I)”, Nuclear Threat Initiative (October 26, 2011), http://www.nti.org/learn/
treaties-and-regimes/treaties-between-united-states-america-and-union-soviet-socialist-republics-strategic-offensive-reductions-start-i-start-ii/.
51. Amy F. Woolf, U.S. Strategic Nuclear Forces: Background, Developments, and Issues (Washington, DC: Congressional Research Service, August 8, 2017), 9, https://fas.org/sgp/crs/nuke/RL33640.pdf.
52. George H. W. Bush, “Address to the Nation.”
53. Svetlana Savranskaya and Thomas Blanton, “Unilateral U.S. nuclear pullback in 1991 matched by rapid Soviet cuts,” National Security Archive (September 30, 2016), http://nsarchive.gwu.edu/NSAEBB/NSAEBB5611991-nuclear-pullback-sparked-US-Soviet-arms-race-in-reverse/.
54. Susan J. Koch, The Presidential Nuclear Initiatives of 1991-1992 (Washington, DC: National Defense UniversityPress), 8-9, https://assets.documentcloud.org/documents/3117123/Document-22.pdf.
55. Ibid.
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START I took nearly a decade to negotiate56 ) and could lead to countries freezing their nuclear
assets for better bargaining power. 57
Planning for PNI began on September 5, 1991 and involved only senior Department of Defense
staff until shortly before its announcement three weeks later. Bush’s initiative included the end
of continuous alert for U.S. strategic bombers and any ballistic missile that would be dismantled
under START I (namely the Minuteman II), the removal of tactical nuclear weapons from all Navy
ships, submarines, and land-based fighters, and the elimination of ground-launched theater nuclear
weapons.58 The initiative also terminated development of the mobile Peacekeeper Rail Garrison
and the small ICBM programs. Finally, PNI ordered the development of a plan to centralize all U.S.
nuclear forces under a single command.
On the morning of September 27, shortly before the announcement, Bush sent Gorbachev an outline
of the United States’ plan and called to gauge his reaction. Although Gorbachev could not promise
specific Soviet reduction measures, as his advisors only had time to prepare a preliminary analysis,
his response was positive.59 When Gorbachev asked whether the United States would entreat other
nuclear states to reduce nuclear weapons, Bush responded “this is more a U.S.-Soviet superpower
relationship.”60 On October 5, 1991, Gorbachev announced Soviet reductions, which met or exceeded
U.S. reductions.61 Like the United States, the Soviet Union removed tactical nuclear weapons and
older ICBM systems. Contemporary CIA analysis stated that Gorbachev’s motivation likely came from
internal pressure to secure weapons as the Soviet Union dissolved. 62
Although PNI was foremost an arms control initiative, it also helped the United States realign
its nuclear force for the post-Cold War era. In response to the changing geopolitical landscape, a
1989-1991 review of SIOP concluded that the United States could reduce its arsenal below the
limits of START I and maintain strategic deterrence.63 Throughout the development of PNI, JCS input
ensured the president’s goals could be met without compromising deterrence needs. Furthermore,
unlike START I, PNI allowed the United States to engage in arms control without losing flexibility
or capabilities. In particular, naval nuclear weapons would be stored and not destroyed.64 Beyond
56. “START I.”
57. Koch, 9.
58. Dick Cheney to Secretaries of the Military Departments, et al., “Reducing the United States Nuclear
Arsenal,” memorandum (September 28, 1991) 1, https://assets.documentcloud.org/documents/3117096/
Document-03-Department-of-Defense-Secretary-of.pdf.
59. The White House, “Memorandum of Telephone Conversation between Mikhail Gorbachev and
George Bush” (September 27, 1991), 1-2, http://nsarchive.gwu.edu/dc.html?doc=3117094-Document-01-White-House-Memorandum-of-Telephone.
60. Ibid., 2.
61. The White House, “Memorandum of Telephone Conversation between Mikhail Gorbachev and George Bush
(October 5, 1991), http://nsarchive.gwu.edu/dc.html?doc=3117098-Document-05-White-House-Memorandum of-Telephone.
62. Director of Central Intelligence, Interagency Intelligence Memorandum, “Soviet Tactical Nuclear Forces and
Gorbachev’s Nuclear Pledges: Impact, Motivations, and Next Steps,”Central Intelligence Agency (November
1991), 8, http://nsarchive.gwu.edu/dc.html?doc=3117120-Document-19.
63. Koch, 2.
64. Cheney, 1.
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strategic rebalancing, the initiative was also expected to save $20 billion over 20 years.65 The
September 1991 PNI lead to a second PNI in early 1992, which focused on strategic forces, and
proposals for de-MIRVing missiles with START II.
START II (1993) augmented START I by requiring larger reductions in deployed systems and
warheads during the START I timeframe and the elimination of MIRVs installed on ICBMs.66 On
January 1, 2003, START II restricted both sides’ nuclear forces to an aggregate of 3,500 warheads,
with up to 1,750 warheads deployed on SLBMs, which could still be MIRVed. The 1997 Protocol to
START II pushed these deadlines back by approximately 2 years and 5 years, respectively. START II
also lifted many of START I’s restrictions on the quantity and process of warhead removal. The treaty
also changed counting rules for heavy bombers by attributing each bomber with its maximum
carrying capacity and by allowing each side to convert 100 nuclear bombers to conventional
bombers, which would no longer be counted under treaty limits. Although signed in 1993, START
II was never fully ratified due to Russian State Duma concerns over U.S. actions that could have
led to an imbalance of nuclear forces, especially the U.S. efforts to build an Anti-Ballistic Missile
(ABM) system. As part of Russian ratification, the State Duma required the United States to ratify an
Extension Protocol that limited ABM construction. 67On June 14, 2002, Russia withdrew from START
II due to U.S. withdrawal from the 1972 ABM Treaty and refusal to sign the Extension Protocol.
The Strategic Offensive Reductions Treaty (SORT/Moscow Treaty - 2002) builds on START I and
caps deployed warheads to 2,200.68 During the early 2000s, both the United States and Russia
planned to reduce their strategic nuclear forces dramatically below the limits set in START I and
II. Following completion of the 2001 Nuclear Posture Review in November 2001, President George
W. Bush announced that the United States would unilaterally decrease its deployed warheads to
between 1,700 and 2,200.69 Russian President Vladimir Putin had previously announced Russian
intention to reduce deployed warheads to 1,500 and wanted a START-like treaty to make these
limits legally-binding in order to maintain strategic balance and prevent rapid-rearmament.70 The
Bush administration initially rejected a legally-binding treaty because it wanted to maintain force
flexibility, rather than rely on strict limits on force composition and the START I counting rules.
Pressure from Russia and members of Congress forced the Bush administration into talks for a
65. Eric Schmitt, “Bush’s Arm Plan; Cheney Orders Bombers Off Alert, Starting Sharp Nuclear Pullback,” New
York Times (Septemeber 29, 1991), http://www.nytimes.com/1991/09/29/world/bush-s-arm-plan-cheneyorders-bombers-off-alert-starting-sharp-nuclear-pullback.html.
66. U.S. Department of State, “Treaty Between the United States of America and the Russian Federation on
Further Reduction and Limitation of Strategic Offensive Arms (START II),” Bureau of Arms Control, Verification, and Compliance (January 1993), https://www.state.gov/t/avc/trty/102887.htm.
67. “Treaty between the United States of America and the Union of Soviet Socialist Republics onStrategic
Offensive Reductions (START II)”, Nuclear Threat Initiative (October 26, 2011), http://www.nti.org/learn/
treaties-and-regimes/treaty-between-united-states-america-and-union-soviet-socialist-republics-strategic-offensive-reductions-start-ii/.
68. U.S. Department of State, :Treaty Between the United States of America and the Russian Federation On
Strategic Offensive Reductions (The Moscow Treaty),” Bureau of International Security and Nonproliferation (May 2002), https://www.state.gov/t/isn/10527.htm.
69. Amy F. Woolf, Nuclear Arms Control: The Strategic Offensive Reductions Treaty (Washington, DC: Congressional
Research Service, February 7, 2011), 2, https://fas.org/sgp/crs/nuke/RL31448.pdf.
70. Ibid., 1-3.
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legal-binding agreement.71 Although the treaty did not include a verification regime, it stipulates
START I rules remain in force. It was signed May 24, 2002, three weeks before START II’s demise. The
treaty entered into force the following year. SORT was superseded by New START in 2011.
New START (2011) requires the U.S. and Russia to reduce their nuclear forces to 700 deployed ICBM
launchers, SLBM launchers, and bombers; 800 total deployed and non-deployed launchers; and
1,550 warheads deployed across all systems by February 5, 2018.72 Each ICBM, SLBM, and nuclear
bomber counts as one launcher, even if it is equipped with multiple warheads. According to the
Department of Defense, the United States’ deployed nuclear force under New START will include
400 Minuteman III, 240 Trident II (on 12 SSBNs), 42 B-52Hs, and 18 B-2s. The non-deployed assets
will include 54 empty Minuteman III silos (including 4 used for tests), 40 Trident II (on 2 SSBNs), 4
B-52H, and 2 B-2. 73 The United States will remove four launchers on each Ohio-class submarine so
that they can carry only 20 missiles each. Trident IIs will remain MIRVed and carry 4.5 warheads on
average. At any given time, two SSBNs will undergo maintenance, reducing the maximum number
of deployed SSBNs to 12. On June 2, 2017, the final Minuteman III scheduled to be placed in reserve
was removed from its silo.74 The United States is currently on track to meet these force limits by the
treaty deadline. 75

71. Ibid., 2-4
72. U.S. Department of State, “Treaty Between the United States of America and the Russian Federation on
Measures for the Further Reduction and Limitation of Strategic Offensive Arms” (April 8, 2010), https://
www.state.gov/documents/organization/140035.pdf.
73. Woolf, U.S. Strategic Nuclear Forces, 8.
74. Rachel Karas, “Air Force completes Minuteman III drawdown to comply with New START,” Inside Defense
(June 23, 2017).
75. Ibid.
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Appendix B: Data Sources for
Nuclear Force Levels
The data in Figures 4, 5, and 6 were derived from a variety of sources, which listed below by type
and year.

TOTAL WARHEADS
1959-1961:
Department of Energy, “Declassified Stockpile Data 1945 to 1994,” OpenNet, https://www.
osti.gov/opennet/forms.jsp?formurl=document/press/pc26tab1.html.
1961-2016:
Department of Defense, “Stockpile Numbers: End of Fiscal Years 1962-2016,” Defense.gov,http://
open.defense.gov/Portals/23/Documents/frddwg/2016_Tables_UNCLASS.pdf.
2017:
Hans M. Kristensen and Robert S. Norris, “Status of World Nuclear Forces,” Federation of American Scientists (July 8, 2017), https://fas.org/issues/nuclear-weapons/status-world-nuclear-forces/.

ICBMS
1959-1981:
J.C. Hopkins, The Development of Strategic Air Command 1946-1981 (A Chronological History)
(Office of the Historian, Headquarters Strategic Air Command, July 1, 1982), 81-234.
1982-1990:
Department of Defense, “Report of the Secretary of Defense Caspar W. Weinberger to the
Congress on the FY 1984 Budget, FY 1985 Authorization Request and FY 1984-88 Defense
Programs” (Washington, D.C.: U.S. Government Printing Office, February 1, 1983), D-1,
http://history.defense.gov/Portals/70/Documents/annual_reports/1984_DoD_AR.pdf?ver=2014-06-24-151113-310.
Department of Defense, “Report of the Secretary of Defense Caspar W. Weinberger to the
Congress on the FY 1987 Budget, FY 1988 Authorization Request and FY 1987-1991 Defense
Programs” (February 5, 1986), C-1, http://history.defense.gov/Portals/70/Documents/annual_reports/1987_DOD_AR.pdf?ver=2016-02-25-102420-833.
Department of Defense, Report of the Secretary of Defense Frank C. Carlucci to the Congress on the Amended FY 1988/FY 1989 Biennial Budget (February 18, 1988), C-1,
http://history.defense.gov/Portals/70/Documents/annual_reports/1989_DoD_AR.pdf?ver=2014-06-24-151548-313
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1991-2001:
Department of Defense, “Annual Report of the Secretary of Defense to the President and
the Congress” (Washington, D.C.: U.S. Government Printing Office, January 1994), D-1,
http://history.defense.gov/Portals/70/Documents/annual_reports/1994_DoD_AR.pdf?ver=2014-06-24-152508-117.
Department of Defense, Annual Report of the Secretary of Defense to the President and
the Congress (1999) D-1, http://history.defense.gov/Portals/70/Documents/annual_reports/1999_DoD_AR.pdf?ver=2014-08-22-095354-640.
Department of Defense, Annual Report of the Secretary of Defense to the President and
the Congress (2001) D-1, http://history.defense.gov/Portals/70/Documents/annual_reports/2001_DoD_AR.pdf?ver=2014-06-24-153714-257.
2002-2010:
Robert S. Norris et al., “U.S. Nuclear Forces, 2002,” Bulletin of the Atomic Scientists 58, no.
3 (2002): 70-75.
Robert S. Norris and Hans M. Kristensen, “U.S. Nuclear Forces, 2003,” Bulletin of the Atomic
Scientists 59, no. 3 (2003): 73-76.
Robert S. Norris and Hans M. Kristensen, “U.S. Nuclear Forces, 2004,” Bulletin of the AtomicScientists 60, no. 3 (2004): 68-70.
Robert S. Norris and Hans M. Kristensen, “U.S. Nuclear Forces, 2005,” Bulletin of the Atomic
Scientists 61, no. 1 (2005): 73-75.
Robert S. Norris and Hans M. Kristensen, “U.S. Nuclear Forces, 2006,” Bulletin of the Atomic
Scientists 62, no. 1 (2006): 68-71.
Robert S. Norris and Hans M. Kristensen, “U.S. Nuclear Forces, 2007,” Bulletin of the AtomicScientists 63, no. 1 (2007): 79-82.
Robert S. Norris and Hans M. Kristensen, “U.S. Nuclear Forces, 2008,” Bulletin of the Atomic
Scientists 64, no. 1 (2008): 50-58.
Robert S. Norris and Hans M. Kristensen, “U.S. Nuclear Forces, 2009,” Bulletin of the AtomicScientists 65, no. 2 (2009): 59-69.
Robert S. Norris and Hans M. Kristensen, “U.S. Nuclear Forces, 2010,” Bulletin of the Atomic
Scientists 66, no. 3 (2010): 57-71.
2011-PRESENT:
New START Verification Fact Sheets, cited below.
Data on Minuteman Fleet: “Alert Operations and the Strategic Air Command 19571991,” Office of the Historian, Headquarters Strategic Air Command, Offut Air Force
Base, Nebraska (Washington, DC: U.S. Government Printing Office, December 7, 1991) 89,
http://www.afgsc.af.mil/Portals/51/Docs/SAC%20Alert%20Operations%20Lo-Res.pdf?ver=2016-09-27-114343-960.
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SLBMS
1960:
Ed Early, “Navy Commemorates 50th Anniversary of First SSBN Deterrent Patrol,” Navy
Submarine Group 9 Public Affairs, press release, November 17, 2010, http://www.navy.mil/
submit/display.asp?story_id=57218.
1961-1972:
May, Ernest R., John D. Steinbruner, and Thomas W. Wolfe, History of the Strategic Arms
Competition 1945-1972 Part 2, Edited by Alfred Goldberg (Washington, DC: Historical Office,
Office of the Secretary of Defense, 1981) 576.
1973-1999:
“Archive of Nuclear Data: Table of US Ballistic Missile Submarine Forces,” National Resources Defense Council’s Nuclear Program, November 25, 2002, http://web.archive.org/
web/20060407031810/http://www.nrdc.org:80/nuclear/nudb/datab5.asp.
2000-2001:
Robert S. Norris and William M. Arkin, “U.S. Nuclear Forces, 2000,” Bulletin of the Atomic
Scientists 56, no. 3 (2000): 69-71.
Robert S. Norris et al., “U.S. Nuclear Forces, 2001,” Bulletin of the Atomic Scientists 57, no.2
(2001): 77-79.
2002-2010:
Robert S Norris et al, “U.S. Nuclear Forces [2002-2010].”
2011-PRESENT:
New START Verification Fact Sheets, cited below.
Data on SSBNs: Submarine numbers based on the commissioning and decommissioning
date of each SSBN as listed in: NAVSEA Shipbuilding Support Office, Naval Vessel Register
(Portsmouth, VA: NAVSEA Shipbuilding Support Office, accessed July 8, 2017), http://www.
nvr.navy.mil/.

BOMBERS
1959-1981:
J.C. Hopkins, 81-234.
1982-2001:
Department of Defense, “Annual Report to the President and the Congress (1984), D-1.”
Department of Defense, “Annual Report to the President and the Congress (1987), C-1.”
Department of Defense, “Annual Report to the President and the Congress (FY1988/1989), C-1.”
Department of Defense, “Annual Report to the President and the Congress (1994), D-1.”
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2002-2017:
Graph is based on bomber numbers from the Nuclear Notebook series, rather than those
disclosed in New START releases, as the Nuclear Notebook estimates the number of
bombers with nuclear missions, rather than listing the total number of bombers that
may be nuclear capable. As such, the nuclear notebook numbers should be closer to the
number of bombers deployed as part of the nuclear force and not include those that are
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2002-2010:
Robert S Norris et al, “U.S. Nuclear Forces [2002-2010].”
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Hans M. Kristensen and Robert S. Norris, “U.S. Nuclear Forces, 2011,” Bulletin of the Atomic
Scientists 67, no. 2 (2011): 66-76.
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