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Introduction 
In the annals of modern history, few topics have commanded as much continuous 
international attention and generated as much geopolitical tension as the proliferation of 
nuclear weapons.  

The narrative of nuclear arms began with a singular nation harnessing the power of the 
atom, but it quickly evolved into a complex global saga involving numerous countries, 
each with its own strategic, political, and ethical considerations. This chapter delves into 
the detailed history, current status, and future trajectory of nuclear arms proliferation and 
the international efforts to control and reduce the spread of these formidable weapons. 

The journey into the nuclear age commenced with the United States developing atomic 
weapons during the Second World War under the secretive Manhattan Project. The world 
was first introduced to the destructive capability of nuclear weapons when the U.S. 
dropped atomic bombs on Hiroshima and Nagasaki in August 1945. These bombings not 
only hastened the end of World War II but also marked the beginning of the nuclear age. 

Despite initial hopes by the United States to maintain a monopoly on nuclear technology, 
the secrets of the atomic bomb were not contained for long. By 1949, the Soviet Union 
had shattered any illusions of a singular nuclear power by conducting its own nuclear 
test. This event sparked a nuclear arms race during the Cold War, with the United 
Kingdom (1952), France (1960), and China (1964) subsequently developing their own 
nuclear arsenals. 

In response to the rapid spread of nuclear capabilities, the international community took 
significant steps to prevent further proliferation. The Treaty on the Non-Proliferation of 
Nuclear Weapons (NPT), negotiated in 1968, became a cornerstone of global non-
proliferation efforts.  

The NPT recognized five nuclear-weapon states (NWS) — the United States, Russia 
(formerly the Soviet Union), the United Kingdom, France, and China — and sought to 
prevent the spread of nuclear weapons to non-nuclear weapon states. 

Despite the broad acceptance of the NPT, several countries have either not signed the 
treaty or have pursued nuclear programs outside its framework. India, Israel, and 
Pakistan are notable for having nuclear arsenals without being signatories to the NPT. 
North Korea withdrew from the treaty in 2003 and has since conducted multiple nuclear 
tests, escalating tensions in the international community. 

As of the latest assessments, the world's nuclear-armed states possess approximately 
12,512 nuclear warheads. The strategic nuclear arsenals of the United States and Russia 
remain significant, though both nations have engaged in arms reduction agreements, 
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such as the New Strategic Arms Reduction Treaty (New START), to limit and reduce their 
deployed strategic nuclear forces. 

The nuclear landscape today is marked by modernization efforts by established nuclear 
powers and challenges posed by non-NPT states and de facto nuclear states like North 
Korea. The geopolitical tensions surrounding Iran's nuclear program, despite the 2015 
Joint Comprehensive Plan of Action (JCPOA), continue to pose significant challenges to 
global non-proliferation efforts. 
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The State of Global Nuclear Armaments 
In an era where the specter of nuclear conflict remains a grave concern, understanding 
the distribution and capability of nuclear weapons across the globe is more critical than 
ever. Currently, nine countries are acknowledged as nuclear-armed states, possessing a 
combined arsenal of approximately 12,700 nuclear warheads.  

Despite a significant reduction from the Cold War peak of around 70,000 warheads, the 
potential for growth and the increased capability of these weapons paint a complex 
picture of global security. 

Global Nuclear Inventory 

The Key Nuclear States 
1. Russia: Russia holds the largest number of nuclear warheads, with a current total 

of 5,997. These include both strategic and tactical nuclear weapons. Russia's 
arsenal is a remnant of the Soviet Union's vast stockpile, which was primarily 
developed during the Cold War as a counterbalance to United States military 
power. 

2. United States: The United States has the second-largest number of nuclear 
warheads, numbering 5,428. These are distributed across the mainland United 
States and five other countries: Turkey, Italy, Belgium, Germany, and the 
Netherlands. The strategic and tactical warheads of the U.S. are integral to NATO's 
defense posture. 

3. China: China is considered to have a smaller but significant arsenal of nuclear 
weapons (around 500) , focused primarily on strategic deterrence. The exact 
number of warheads is not publicly confirmed but is estimated to be in the region 
of several hundred. 

4. France: France maintains a nuclear force of approximately 300 warheads, which 
are part of its independent strategic nuclear deterrent. The French arsenal is 
designed to protect national interests and maintain regional stability. 

5. United Kingdom: The United Kingdom possesses around 225 nuclear warheads. 
British nuclear forces are significantly smaller than those of the Cold War era but 
are maintained as a deterrent and as a commitment to collective security through 
NATO. 

6. Pakistan: Pakistan's nuclear arsenal is estimated to consist of about 165 
warheads. Pakistan developed nuclear weapons as a response to India's nuclear 
program and perceives them as vital to its national security. 
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7. India: India has a similar number of nuclear warheads as Pakistan. Its nuclear 
strategy is primarily focused on deterrence and maintaining a balance of power in 
the region. 

8. Israel: Israel has not officially confirmed its nuclear capabilities, but it is widely 
recognized to possess nuclear weapons. Estimates suggest that Israel has around 
90 nuclear warheads. 

9. North Korea: North Korea's nuclear capabilities are the most opaque among the 
nuclear-armed states. It is estimated that North Korea has enough fissile material 
for 40-50 nuclear weapons. The country's nuclear tests and missile development 
programs continue to be a major international concern. 

Tactical Nuclear Weapons 
Tactical nuclear weapons, often categorized as non-strategic, differ from their strategic 
counterparts primarily in their intended use and deployment. These weapons are 
designed for battlefield use, with relatively lower yields compared to strategic nuclear 
warheads but still capable of immense destruction. For instance, tactical nuclear 
warheads can have explosive yields up to 300 kilotons—20 times the power of the bomb 
dropped on Hiroshima. 

Russia currently holds a significant stockpile of tactical nuclear weapons, estimated at 
1,912 warheads. The United States has approximately 100 such warheads deployed 
across five European countries. These deployments are remnants of Cold War strategies, 
which placed nuclear weapons close to potential conflict zones in Europe. 

Humanitarian and Environmental Implications 
The potential use of even a single nuclear warhead carries catastrophic humanitarian 
and environmental consequences. For example, a hypothetical detonation over a major 
city like New York could result in over half a million fatalities instantly, not to mention 
long-term ecological and health disasters due to radioactive fallout. 

The Broader Impact of Nuclear Armaments 
Beyond the immediate threat of use, the existence of nuclear weapons significantly 
impacts global politics and security. They contribute to international tensions and 
complicate diplomatic relations, particularly in regions like the Middle East and the 
Korean Peninsula. Moreover, the financial burden of maintaining and modernizing these 
arsenals is substantial, with funds that could potentially be redirected to more 
constructive purposes. 
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As the world continues to grapple with the complexities of nuclear disarmament and non-
proliferation, the role of nuclear weapons in international security remains a contentious 
issue. While the reduction in total warheads since the Cold War is a positive 
development, the modernization of arsenals and potential new entrants into the nuclear 
club continue to pose significant challenges. The balance between national security and 
global stability is as delicate as ever, underscoring the need for continued diplomatic 
efforts and arms control agreements. 
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U.S. Compliance with Global Arms Control Agreements: 
A Comprehensive Overview 

Ensuring Global Security through Adherence to International Norms 
In the complex web of international relations, the United States continues to affirm its 
commitment to global security through strict adherence to various arms control, 
nonproliferation, and disarmament agreements. This detailed overview examines the 
United States' compliance with its obligations under these critical international treaties, 
reflecting its ongoing dedication to maintaining peace and security. 

The Chemical Weapons Convention (CWC) 

Total Elimination of Chemical Weapons 
In a significant milestone reached in 2023, the United States completed the destruction 
of all its chemical weapons stockpiles. This includes Category 1, 2, and 3 chemical 
weapons, which encompass weapons designed to cause death or other harm through 
the toxic properties of chemicals. The destruction process was rigorously verified by the 
Organization for the Prohibition of Chemical Weapons (OPCW), ensuring transparency 
and adherence to the Convention on the Prohibition of the Development, Production, 
Stockpiling and Use of Chemical Weapons and on their Destruction (Chemical Weapons 
Convention or CWC). 

The U.S. has not only met but exceeded its obligations under the CWC by also tackling 
the destruction of associated chemical weapons facilities. Two prominent facilities 
located in Pueblo, Colorado, and Blue Grass, Kentucky, marked the culmination of these 
efforts with their closing dates on June 22, 2023, and July 7, 2023, respectively. The 
ongoing work includes the safe disposal of residual waste materials, ensuring that all 
processes conform to stringent safety and environmental protection standards. 

Moreover, the U.S. has actively participated in the OPCW's Conference of the States 
Parties (CSP), routinely providing detailed reports and briefings that chronicle the 
progress towards this landmark achievement. Such commitment underscores the U.S. 
dedication to not just national but global safety and the principles enshrined in the CWC. 

Compliance in Commercial Activities 
Beyond military applications, the U.S. ensures compliance with the CWC through 
stringent regulations governing commercial activities. Under U.S. CWC Regulations (15 
CFR § 710 et seq.), facilities engaged in activities surpassing specific thresholds must 
submit comprehensive annual declarations and reports. These documents detail past 
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activities and forecast future engagements, allowing for systematic and routine 
inspections by the OPCW, thus maintaining a transparent and accountable commercial 
chemical sector. 

The Biological Weapons Convention (BWC) 

Advancing Global Biodefense Transparency 
The U.S. has also demonstrated its steadfast compliance with the Convention on the 
Prohibition of the Development, Production, and Stockpiling of Bacteriological 
(Biological) and Toxin Weapons and on their Destruction (Biological Weapons 
Convention or BWC). Throughout 2023, all U.S. activities were aligned with the BWC's 
obligations, focusing on enhancing the transparency of its biodefense efforts. 

In pursuit of these objectives, the U.S. has utilized a range of confidence-building 
measures provided by the BWC. These include various voluntary initiatives aimed at 
bolstering the international community's ability to manage disease outbreaks and other 
biological threats. By sharing scientific knowledge and extending laboratory support, the 
U.S. contributes to building a robust global infrastructure capable of addressing and 
mitigating biological hazards. 

Nuclear Weapons Treaties and Protocols 

Adherence to Test Ban Treaties 
In the domain of nuclear weapons, the U.S. remains a committed participant in several 
key treaties that govern the proliferation and testing of nuclear armaments. The Threshold 
Test Ban Treaty (TTBT), the Underground Nuclear Explosions for Peaceful Purposes Treaty 
(PNET), and the Limited Test Ban Treaty (LTBT) are central to these efforts. Since the last 
nuclear test in 1992, the U.S. has maintained a moratorium on nuclear explosive testing. 
The U.S. reassures the safety, security, and reliability of its nuclear arsenal through a 
rigorous science-based stockpile stewardship program, negating the need for further 
nuclear tests. 

This commitment extends to the Treaty on Conventional Armed Forces in Europe (CFE), 
where recent developments necessitated a strategic reevaluation. Following Russia’s 
withdrawal from the CFE Treaty and its ongoing aggression in Ukraine, the U.S. suspended 
its obligations under the CFE Treaty as of December 7, 2023. This decision, while 
significant, adheres to international law standards and reflects the changed security 
dynamics in Europe. 
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New START Treaty Dynamics 
The Treaty Between the United States of America and the Russian Federation on 
Measures for the Further Reduction and Limitation of Strategic Offensive Arms (New 
START Treaty or NST) represents another cornerstone of U.S.-Russia arms control. 
Despite challenges in 2023, including Russia’s suspension of the treaty, the U.S. has 
strived to maintain compliance. In response to Russian actions, the U.S. implemented 
countermeasures aimed at encouraging Russia to return to compliance. These measures 
include withholding certain treaty-related data and notifications, yet they are designed to 
be reversible to allow for a return to full treaty compliance should Russia alter its 
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Detailed Analysis of the Non-Proliferation Treaty (NPT) 
Compliance and Comprehensive Safeguards 
Agreements (CSAs) 
As of the end of 2023, there remains a critical focus on the adherence of non-nuclear-
weapon States (NNWS) to the NPT, particularly in relation to the establishment of 
Comprehensive Safeguards Agreements (CSAs) with the International Atomic Energy 
Agency (IAEA). Despite the near-universal adoption of the NPT, a handful of NNWS have 
not yet ratified their CSAs. Specifically, four NNWS parties to the NPT had not brought 
their CSAs into force as of May 2023. These agreements are fundamental to the NPT 
framework as they enable the IAEA to verify that nuclear materials are not diverted to 
nuclear weapons or other nuclear explosive devices, thus ensuring these materials are 
used solely for peaceful purposes. 

The CSA, as described by the IAEA, is the backbone of the efforts to prevent the spread 
of nuclear weapons through rigorous verification of nuclear materials and facilities in 
NNWS. This agreement obligates signatories to declare all nuclear materials and 
activities to the IAEA, which then conducts inspections to verify the non-diversion of 
declared nuclear material. 

Furthermore, the Additional Protocol (AP), when implemented alongside the CSA, 
significantly enhances the IAEA’s verification capabilities. The AP allows for more 
comprehensive inspections and access to information, improving the IAEA's ability to 
detect undeclared nuclear materials and activities. As of the end of 2023, 141 States had 
an AP in force. The United States, among other nations, supports the universal adoption 
of the AP by States Parties to the NPT, asserting that adherence to the AP is crucial for the 
effectiveness and credibility of IAEA safeguards. 

The IAEA’s role under the NPT is primarily to ensure that NNWS meet their obligations by 
placing all nuclear material in peaceful uses under safeguards. The importance of these 
safeguards is underscored by the continuous efforts to strengthen them, notably through 
initiatives such as the “Program 93+2”, which emerged in response to the discovery of 
clandestine nuclear programs in the 1990s. This program led to the development of the 
Model Additional Protocol, aiming to close loopholes that previously allowed for 
undeclared nuclear activities. 
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The Escalating Costs of U.S. Nuclear Forces: A 
Comprehensive Overview of the CBO’s 2023–2032 
Projections 
The Congressional Budget Office (CBO) routinely updates its projections of the long-term 
costs associated with the United States' nuclear arsenal. These updates, occurring 
biennially, provide critical data to policymakers and the public, detailing the financial 
commitments involved in maintaining and modernizing the nation’s nuclear capabilities. 
This article delves deeply into the CBO's latest projection covering the period from 2023 
to 2032, which outlines a substantial increase in costs compared to previous estimates. 

Detailed Analysis of Projected Costs 
According to the CBO’s projections, the total cost of maintaining and modernizing U.S. 
nuclear forces over the ten-year period from 2023 to 2032 is estimated to be 
approximately $756 billion. This figure averages out to just over $75 billion annually, 
representing a significant financial undertaking for the U.S. government. The breakdown 
of these costs includes $305 billion for operation and sustainment of current and future 
nuclear forces and their supporting activities. A further $247 billion is earmarked for the 
modernization of strategic and tactical nuclear delivery systems along with the weapons 
they carry. Moreover, $108 billion is allocated for upgrading facilities and equipment for 
the nuclear weapons laboratory complex, and enhancing the command, control, 
communications, and early-warning systems. An additional $96 billion is projected for 
potential cost overruns exceeding the budgeted amounts. 

These expenditures are not evenly distributed between the Department of Defense (DoD) 
and the Department of Energy (DOE). Approximately two-thirds of these costs, notably 
those associated with ballistic missile submarines and intercontinental ballistic 
missiles, will be incurred by the DoD. The DOE, on the other hand, will primarily fund the 
nuclear weapons laboratories and support activities. 

The CBO also highlights that the current cost estimate for the 2023–2032 period is 19 
percent higher—amounting to an additional $122 billion—than its 2021 estimate which 
covered 2021–2030. This increase is largely attributable to the extension of the projection 
period, which now includes two additional years that are expected to see heightened 
development and production activities under nuclear modernization programs. Adjusted 
for inflation, this escalation accounts for $34 billion of the $60 billion difference due to 
the inclusion of these later, more costly years. 



 

  
COPYRIGHT DEBUGLIESINTEL.COM UPDATE : 12/2024 – VER. 1.1 

 

41 2024 – Nuclear Dilemma 

Furthermore, about 45 percent of the $109 billion increase is expected to occur between 
2023 and 2030. This rise stems primarily from higher anticipated costs for new 
intercontinental ballistic missiles and the maintenance of ballistic missile submarines. 
There are also significant investments planned for modernizing command, control, 
communications, and early-warning systems, reflecting a strategic emphasis on 
enhancing these critical components of nuclear deterrence. 

Historical Context and Strategic Shifts 
Nuclear weapons have played a pivotal role in U.S. national security since their 
development during World War II. Throughout the Cold War, nuclear forces were central 
to U.S. defense policy, leading to the construction of a substantial arsenal. In recent 
decades, however, the focus has shifted more towards conventional forces, with nuclear 
capabilities often taking a backseat. Nonetheless, the existing nuclear forces are aging, 
and many of the systems are nearing the end of their operational life. To ensure continued 
nuclear deterrence capabilities, these systems will require comprehensive 
refurbishment or replacement in the coming years. 

The Biden Administration, through its Nuclear Posture Review released in October 2022, 
outlined its vision for the future of U.S. nuclear policy and forces. This document, 
alongside legislative mandates such as the National Defense Authorization Act for Fiscal 
Year 2013, which requires the CBO to estimate the ten-year costs for maintaining and 
modernizing U.S. nuclear forces, underscores the ongoing significance of nuclear 
capabilities in national defense planning. 

Looking Ahead: Implementation and Fiscal Challenges 
Implementing the outlined plans for nuclear forces as specified in the DoD’s and DOE’s 
2023 budget requests will be a formidable task. These plans, if unchanged and 
unimpeded by cost overruns or delays, are projected to necessitate $660 billion. This 
projection presumes successful execution on budget, a scenario that historically has 
often not been the case with large-scale defense projects. 

Incorporating potential cost growth, which is a common occurrence in defense 
acquisitions, the CBO estimates an additional $96 billion will be needed over the decade. 
This figure is based on past trends where costs for similar programs have typically 
exceeded initial estimates. 

These projections provide a crucial framework for Congressional decision-makers as 
they evaluate the future structure and capabilities of U.S. nuclear forces. As the nation 
grapples with evolving security challenges and fiscal constraints, the decisions made 
today will shape the strategic capabilities and defense posture of the United States for 
decades to come. 
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This detailed financial and strategic analysis underscores the complexities and fiscal 
demands of sustaining and modernizing the U.S. nuclear arsenal in an era of renewed 
great power competition and technological advancement. As such, it serves as an 
essential resource for understanding the broader implications of U.S. nuclear strategy 
and its implementation over the coming decade. 
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Table. Projected Costs of U.S. Nuclear Forces, by Department and 
Function, 2023 to 2032 
Billions of Dollars               

 2023   
Total, 2023 to 

2032 

  
Do
D 

DO
E 

Tot
al   

Do
D 

DO
E 

Tot
al 

CBO's Projections of Budgeted Amounts for Nuclear 
Forces        

Nuclear delivery systems and weapons        
Strategic nuclear delivery systems and 

weapons        

Ballistic missile submarines 
11,
4 1,2 

12,
7  

17
2 16 188 

Intercontinental ballistic missiles 6,4 0,9 7,3  
10
3 16 118 

Bombers 4,2 1,7 5,8  52 11 63 

Other nuclear activities 1,6 
n.a
. 1,6  19 n.a. 19 

Subtotal 
23,
6 3,8 

27,
5  

34
6 43 389 

Tactical nuclear delivery systems and weapons 0,6 0,4 1,0  5 2 6 
Nuclear weapons laboratories and supporting 

activities        

Stockpile services 
n.a
. 1,1 1,1  

n.a
. 12 12 

Facilities and infrastructure 
n.a
. 7,3 7,3  

n.a
. 79 79 

Other stewardship and support activities 
n.a
. 5,1 5,1  

n.a
. 57 57 

Subtotal 
n.a
. 

13,
4 

13,
4  

n.a
. 148 148 

Subtotal, Nuclear Delivery Systems and 
Weapons 

24,
2 

17,
7 

41,
9  

35
1 192 543 

Command, control, communications, and early-
warning systems        

Command and control 1,5 
n.a
. 1,5  24 n.a. 24 

Communications 2,7 
n.a
. 2,7  34 n.a. 34 

Early-warning 6,3 
n.a
. 6,3  58 n.a. 58 

Subtotal 
10,
5 

n.a
. 

10,
5  

11
7 n.a. 117 

Total Budgeted Amounts for Nuclear 
Forces 

34,
7 

17,
7 

52,
4  

46
8 192 660 

CBO's Estimates of Additional Costs Based on 
Historical Cost Growth 

n.a
. 

n.a
. n.a.  56 40 96 
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Total Estimated Cost of Nuclear Forces 
34,
7 

17,
7 

52,
4  

52
4 232 756 

                
 

Data source: Congressional Budget Office, using data from the Department of Defense 
and the Department of Energy. See www.cbo.gov/publication/59054#data. DoD = 
Department of Defense; DOE = Department of Energy; n.a. = not applicable. 

a. These budgeted amounts do not reflect independent estimates by CBO of the 
costs of U.S. nuclear forces. Instead, they are based on CBO’s analysis of DoD’s 
and DOE’s budget proposals and accompanying documents, as well as on 
CBO’s projections of those budget figures beyond the next five years under the 
assumption that programs proceed as described in budget documentation. For 
several programs, plans are still being formulated. In those cases, CBO based 
its estimate on historical costs of analogous programs. 

b. This category includes nuclear-related research and operations support 
activities by DoD that CBO could not associate with a specific type of delivery 
system or weapon. 

c. This category includes security forces, transportation of nuclear materials and 
weapons, and scientific research and high-performance computing to improve 
understanding of nuclear explosions. This category also includes $500 million 
in 2023 and $6 billion over the 2023–2032 period for federal salaries and 
expenses. 

 

Allocation of Funds Across Nuclear Capabilities 
The $660 billion earmarked for various segments of nuclear forces management provides 
insight into the priorities and strategy of the U.S. military and Department of Energy 
(DOE). Here’s a detailed breakdown: 

Strategic Nuclear Delivery Systems and Weapons 
A substantial portion of the budget, $389 billion, is allocated for strategic nuclear delivery 
systems which include the triad of submarines (SSBNs), intercontinental ballistic 
missiles (ICBMs), and long-range bombers. This segment also covers DOE’s expenses for 
warheads and the nuclear reactors that power SSBNs. Notably, almost half of this 
funding is designated for ballistic missile submarines, underscoring their critical role in 
U.S. nuclear strategy as stealthy, survivable launch platforms. 

http://www.cbo.gov/publication/59054#data
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Tactical Nuclear Delivery Systems and Weapons 
The tactical segment, which involves aircraft capable of delivering nuclear weapons over 
shorter distances, has been allocated $6 billion. This is a decrease from previous 
budgets, primarily due to the cancellation of the new nuclear-armed sea-launched cruise 
missile as recommended by the 2022 Nuclear Posture Review. The reduction reflects a 
strategic shift and a reallocation of resources towards more critical systems within the 
nuclear arsenal. 

DOE’s Nuclear Weapons Laboratories and Supporting Activities 
DOE’s laboratories and production facilities, which play a vital role in maintaining and 
modernizing the nuclear arsenal, are set to receive $148 billion. These funds will be used 
not just for direct warhead-related activities but also for upgrading facilities that produce 
specialized materials and components essential for nuclear weapons. This underscores 
the ongoing need for technological and material advances in nuclear armaments. 

DoD’s Command, Control, Communications, and Early-Warning 
Systems 
Another critical area of funding is the command, control, communications, and early-
warning systems, which have been allocated $117 billion. These systems are crucial for 
the operational integrity and security of nuclear forces, ensuring robust communication 
channels, reliable command execution, and effective detection of incoming threats. 

Modernization Costs and Distribution 
Of the $660 billion total, approximately $247 billion is specifically earmarked for 
modernizing nuclear weapons and their delivery systems. This modernization is primarily 
focused on the strategic nuclear triad, which will consume $244 billion of the allocated 
funds. The remaining $3 billion will be directed towards modernizing tactical nuclear 
weapons and delivery systems. 

Furthermore, DoD’s programs for updating delivery systems will require about $217 
billion, while DOE’s efforts to refurbish warheads and develop reactors for new SSBNs 
are projected to cost around $30 billion. 

Additional Modernization Projects 
Outside the $247 billion, there are significant investments planned for other 
modernization projects. DOE’s facility modernization plans, which include refurbishing 
or constructing new facilities for nuclear materials and components, are projected to 
cost about $49 billion. Additionally, DoD’s enhancement of various command, control, 
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communications, and early-warning systems, which have seen new projects since the 
2021 estimate, will require an investment of about $59 billion. 

In total, across these categories, modernization expenses over the ten-year period are 
expected to amount to $355 billion. This reflects a substantial commitment to upgrading 
and sustaining the capabilities and safety of the U.S. nuclear arsenal. 

Financial Trajectory and Strategic Implications 
The annual budget for these programs is expected to increase gradually, starting at about 
$50 billion in 2023 and reaching a peak of approximately $75 billion in 2031. This 
escalation reflects the intensifying efforts and investments as older systems approach 
their end of life and new technologies and platforms are developed and deployed. 

The strategic allocation of funds across different segments of the nuclear forces 
highlights the nuanced approach the U.S. is taking to ensure its nuclear deterrence 
remains credible and effective. The focus on modernization, especially of strategic 
delivery systems and essential command and control capabilities, aligns with global 
security challenges and the evolving nature of threats in the contemporary geopolitical 
environment. 

As the U.S. continues to navigate these challenges, the CBO’s projections provide a 
critical framework for understanding the fiscal dimensions of national security in relation 
to nuclear forces. This comprehensive financial outlook is indispensable for 
policymakers and defense strategists as they plan for the future, ensuring that the 
nuclear capabilities of the United States are maintained and enhanced in a cost-effective 
and strategically sound manner. 
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The Allocation of Defense Funding to U.S. Nuclear 
Forces: An In-Depth Analysis 
As the United States continues to prioritize the modernization of its nuclear capabilities, 
the allocation of defense funding to nuclear forces remains a critical area of focus. This 
comprehensive analysis explores the financial commitments made to nuclear forces 
within the context of overall defense spending, drawing extensively on the latest 
estimates from the Congressional Budget Office (CBO). This exploration not only outlines 
the current financial trajectory but also places it within the historical and projected future 
funding landscapes. 

Historical Context and Evolution of Funding 
The U.S. has long recognized the strategic importance of maintaining a robust nuclear 
arsenal. This commitment is evident from the allocation of funds over the years, with 
significant fluctuations reflecting changing strategic priorities and global security 
environments. In 2014, nuclear forces accounted for 3.6 percent of total defense funding, 
marking the commencement of a series of CBO estimates aimed at providing a clearer 
picture of nuclear spending. 

Budgetary Allocation in the President’s 2023 Budget Submission 
According to the CBO's analysis of the President’s 2023 budget submission, nuclear 
forces are slated to consume 7.5 percent of the total defense budget over a ten-year 
planning horizon. This figure represents a notable increase from earlier years, signaling a 
renewed focus on nuclear capabilities amidst evolving global threats. The annual 
allocation is projected to escalate from approximately 6.5 percent in 2023, reaching a 
peak of about 8.5 percent by 2031 before a slight reduction in 2032. This trajectory mirrors 
the planning and estimates for the 2021–2030 period, underscoring a consistent strategic 
emphasis on nuclear force modernization. 

Trends in DoD’s Acquisition Funding 
The modernization drive is not limited to operational maintenance but extends 
significantly into the development and procurement domains. The CBO projects that 
nuclear acquisition programs will increasingly dominate the Department of Defense’s 
(DoD) acquisition budget. Starting from about 8.5 percent in 2023, this allocation is 
expected to grow to just under 12 percent by 2031, after which it will slightly decrease to 
around 10.5 percent in 2032. This trend highlights the growing financial burden posed by 
the need to update aging systems with advanced technology to ensure strategic 
deterrence. 
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Analysis of Funding Dynamics 
The increasing share of the budget dedicated to nuclear forces raises questions about 
the balance of funding across different defense priorities. As these nuclear programs vie 
for a larger slice of the budget pie, other military needs face potential funding constraints. 
The competition for limited resources could lead to tough decisions regarding which 
programs to prioritize, potentially putting lesser-funded areas at risk. This scenario 
necessitates a nuanced understanding of funding allocation to ensure that the 
modernization of nuclear capabilities does not undermine other critical defense needs. 

Implications for Strategic Defense Priorities 
The prioritization of nuclear forces in defense funding reflects a clear strategic stance on 
the part of the U.S. government. This stance is influenced by several factors, including the 
deterrence of potential nuclear threats, the maintenance of international strategic 
stability, and the need to respond to technological advancements and new challenges 
posed by potential adversaries. The allocation of funds thus not only reflects current 
security assessments but also shapes the future strategic landscape in which the U.S. 
aims to maintain its position as a leading global military power. 

In summary, the trajectory of defense funding allocation to U.S. nuclear forces indicates 
a strategic prioritization of nuclear capabilities within the broader defense budget. This 
analysis, based on CBO estimates and historical data, provides a critical lens through 
which to view the financial dynamics shaping U.S. defense strategy. As the U.S. continues 
to navigate complex global threats, the evolution of funding patterns will play a pivotal 
role in shaping the country’s military readiness and strategic positioning on the global 
stage. 
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Table .  Budgeted Amounts for Nuclear Forces, by Type of Activity, 
2023 to 2032 
Billions of Dollars     

   
  Amount Percent 

Modernization of Strategic and Tactical Delivery 
Systems and the Weapons They Carry 247 37 

Modernization of Facilities and Equipment for Nuclear 
Weapons Laboratories and for Command, Control, 
Communications, and Early-Warning Systems 108 16 

Operation and Sustainment of Current and Future 
Forces and Support Activities 305 46 

      

Data source: Congressional Budget Office, using data from the Department of Defense 
and the Department of Energy. See www.cbo.gov/ publication/59054#data. 

DoD = Department of Defense; DOE = Department of Energy. 

These budgeted amounts do not reflect independent estimates by CBO of the costs of 
U.S. nuclear forces. Instead, they are based on CBO’s analysis of DoD’s and DOE’s 
budget proposals and accompanying documents, as well as on CBO’s projections of 
those budget figures beyond the next five years under the assumption that programs 
proceed as described in budget documentation. For several programs, plans are still 
being formulated. In those cases, CBO based its estimate on historical costs of 
analogous programs. 

a. The costs of support activities in this category include all costs of nuclear 
weapons laboratories except for costs allocated to modernization of specific 
warheads and costs allocated to modernization of facilities and equipment. 
Similarly, the category includes all costs of nuclear command, control, 
communications, and early-warning systems not allocated for modernization 
of those systems. 

b. The costs of nuclear weapons in this category include only those costs 
allocated to modernization of nuclear warheads and bombs. 

http://www.cbo.gov/publication/59054#data
http://www.cbo.gov/publication/59054#data


 

  
COPYRIGHT DEBUGLIESINTEL.COM UPDATE : 12/2024 – VER. 1.1 

 

50 2024 – Nuclear Dilemma 

 

  



 

  
COPYRIGHT DEBUGLIESINTEL.COM UPDATE : 12/2024 – VER. 1.1 

 

51 2024 – Nuclear Dilemma 

The Dynamics of U.S. Nuclear Arsenal: Transparency, 
Declassification, and Strategic Shifts 
At the outset of 2023, the landscape of the United States' nuclear arsenal is defined by a 
delicate balance of readiness and restraint, an embodiment of the country's strategic 
military ethos. The U.S. Department of Defense reports an estimated stockpile of around 
3,708 nuclear warheads designated for delivery by ballistic missiles and aircraft. This 
arsenal is not fully deployed; instead, a significant portion is kept in storage, poised for 
potential activation in response to varying global threats. 

Current Deployment and Strategic Reserves 
Out of the total stockpile, approximately 1,770 warheads are actively deployed. Among 
these, about 1,370 strategic warheads are mounted on ballistic missiles, and around 300 
are stationed at strategic bomber bases across the United States. Additionally, 100 
tactical nuclear bombs are dispersed across various air bases in Europe. The strategic 
positioning of these assets underscores a complex web of deterrence that spans both 
the continental U.S. and key regions in Europe. 

The remaining 1,938 warheads serve as a strategic reserve, colloquially known as a hedge 
against unforeseen technical or geopolitical developments. This hedging strategy is a 
critical component of national security, ensuring that the U.S. can adapt to shifts in the 
international landscape and maintain a credible deterrent under varying circumstances. 
Notably, several hundred warheads from this reserve are slated for retirement by 2030, 
indicating a gradual shift towards a leaner, more technologically advanced nuclear 
arsenal. 

Oversight and Reduction of Retired Warheads 
In addition to the operational and reserve stockpiles managed by the Department of 
Defense, approximately 1,536 retired warheads remain intact but are now under the 
jurisdiction of the Department of Energy, awaiting dismantlement. This brings the total 
inventory of U.S. nuclear warheads to an estimated 5,244. 

Transparency in Nuclear Arsenal Disclosure 
The transparency of the U.S. nuclear arsenal has fluctuated with administrative changes. 
Between 2010 and 2018, the size of the nuclear weapons stockpile was routinely 
disclosed. However, during 2019 and 2020, the Trump administration ceased these 
disclosures, denying requests from the Federation of American Scientists to declassify 
the latest stockpile numbers. This period marked a shift towards less transparency, 
contrasting sharply with previous practices. 
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This trend was reversed under the Biden administration, which reinstated the United 
States' commitment to transparency by declassifying stockpile numbers up to 
September 2020. These disclosures revealed a slight reduction in the arsenal, with the 
count at 3,750 warheads in September 2020, down by 72 from the last reported figure in 
2017. 

The Slowdown of Warhead Dismantlement 
A significant revelation from the Biden administration's disclosures was the marked 
slowdown in the rate of warhead dismantlement. During the 1990s, the U.S. dismantled 
over 1,000 warheads annually, but by 2020, this number had dropped to just 184.  

The Department of Energy attributes this slowdown to a variety of factors, including 
funding, logistics, legislative mandates, policy directives, the complexity of weapon 
systems, and the availability of qualified personnel and resources. 

The current dismantlement pace suggests that weapons retired at the end of fiscal year 
2008 are expected to be fully dismantled by the end of FY 2022, as per the 2022 Stockpile 
Stewardship and Management Plan issued by the Department of Energy. 

Geopolitical Implications of Declassification Practices 
The practice of declassifying nuclear warhead stockpile and dismantlement numbers 
has often coincided with major arms control conferences, serving as a gesture of good 
faith and transparency. However, there was a notable absence of such declassifications 
in 2022, and the Biden administration has yet to act on requests for disclosing numbers 
for 2021 and 2022.  

This hesitation could signal a potential reversion to the less transparent practices of the 
Trump era, posing risks not only to the U.S.'s credibility but also to broader efforts urging 
nuclear transparency from other global powers such as Russia and China. 

Strategic Storage and Deployment 
U.S. nuclear warheads are distributed across approximately 24 geographical locations in 
11 states within the U.S. and five European countries. The Kirtland Underground 
Munitions and Maintenance Storage Complex in New Mexico houses the largest number 
of nuclear weapons, primarily consisting of retired units awaiting dismantlement at the 
Pantex Plant in Texas. Meanwhile, the state of Washington plays a critical role in the 
nuclear triad, hosting the Strategic Weapons Facility Pacific and ballistic missile 
submarines at Naval Submarine Base Kitsap, which collectively carry a significant 
portion of the nation's deployed nuclear arsenal. 



 

  
COPYRIGHT DEBUGLIESINTEL.COM UPDATE : 12/2024 – VER. 1.1 

 

53 2024 – Nuclear Dilemma 

This detailed exploration of the U.S. nuclear arsenal not only highlights the operational 
aspects and strategic reserves of the current stockpile but also underscores the evolving 
nature of nuclear policy and its implications for international security and arms control. 
The ongoing adjustments in transparency 
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Table . United States Nuclear forces, 2023.     
 
Type/Designation No. Year 

deployed 
Warheads x yield 
(kilotons) 

Warheads(total 
available)a 

ICBMs     
LGM-30G Minuteman III     

Mk12A 200 1979 1–3 W78 x 335 
(MIRV) 600b 

Mk21/SERV 200 2006c 1 W87 x 300 200d 

Total 400e   800f 
SLBMs     

UGM-133A Trident II D5/LE 14=280g    

Mk4A   2008h 1–8 W76-1 x 90 
(MIRV) 1,511i 

Mk4A  2019 1–2 W76-2 x 8 
(MIRV)j 25k 

Mk5  1990 1–8 W88 x 455 
(MIRV) 384 

Total 14/280   1; 920l 
Bombers     

B-52H Stratofortress 87/46m 1961 ALCM/W80-1 x 5–
150 500 

B-2A Spirit 20/20 1994 B61-7 x 10–360/-
11 x 400 288 

B83-1 x low-1,200    788o 
Total 107/66n     
Total strategic forces    3; 508 
Nonstrategic forces     

F-15E, F-16C/D, DCA n/a 1979 1–5 B61-3/-4 
bombs x 0.3–170p 200 

Total    200q 
Total stockpile    3,708 
Deployed    1,770r 
Reserve (hedge and spares)    1,938 
Retired, awaiting 
dismantlement 

   1,536 

Total Inventory       5,244 
 ALCM: air-launched cruise missile; DCA: dual-capable aircraft; ICBM: intercontinental 
ballistic missile; LGM: silo-launched ground-attack missile; MIRV: multiple 
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independently targetable reentry vehicle; SERV: security-enhanced reentry vehicle; 
SLBM: submarine-launched ballistic missile. 
aLists total warheads available. Only a portion of these are deployed with launchers. See 
individual endnotes for details. 
bRoughly 200 of these are deployed on 200 Minuteman IIIs equipped with the Mk-12A 
reentry vehicle. The rest are in central storage. 
cThe W87 was initially deployed on the MX/Peacekeeper in 1986 but first transferred to 
the Minuteman in 2006. 
dThe 200 Mk21-equipped ICBMs can each carry one W87. The estimated remaining 340 
W87s are in storage. Excess W87 pits are planned for use in the W78 Replacement 
Program, previously designated IW-1 but now called W87-1. 
eAnother 50 ICBMs are in storage for potential deployment in 50 empty silos. 
fOf these ICBM warheads, 400 are deployed on operational missiles and the rest are in 
long-term storage. 
gThe first figure is the total number of nuclear-powered ballistic missile submarines 
(SSBNs) in the US fleet; the second is the maximum number of missiles that they can 
carry. All 14 SSBNs have now completed their mid-life reactor refueling overhauls and 
could potentially carry 280 missiles, but 2–4 are undergoing repairs at any given time and 
the Pentagon has stated that no more than 240 SLBMs will be deployed. The life-extended 
Trident II D5LE is replacing the original missile. 
hThe W76-1 is a life-extended version of the W76-0 that was first deployed in 1978. 
iAll W76-0 warheads are thought to have now been replaced on ballistic missile 
submarines by W76-1 warheads, but some are still in storage, and more have been retired 
and are awaiting dismantlement. 
jThe W76-2 is a single-stage low-yield modification of the W76-1 with an estimated yield 
of 8 kilotons. 
kAssumes two SLBMs, each with one W76-2, available for each deployable SSBN. 
lOf these SLBM warheads, approximately 1,000 are deployed on missiles loaded in 
ballistic missile submarine launchers. 
mOf the 87 B-52s, 76 are in the active inventory. Of those, 46 are nuclear-capable, of which 
less than 40 are normally deployed. 
nThe first figure is the total aircraft inventory, including those used for training, testing, and 
back-up; the second is the portion of the primary-mission aircraft inventory estimated to 
be tasked with nuclear missions. The United States has a total of 66 nuclear-capable 
bombers (46 B-52s and 20 B-2s), but normally only about 50 nuclear bombers are 
deployed, with the remaining aircraft in overhaul. 
oOf these bomber weapons, up to 300 are deployed at bomber bases. These include an 
estimated 200 ALCMs at Minot Air Force Base and approximately 100 bombs at 
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Whiteman Air Force Base. The remaining weapons are in long-term storage. B-52H 
aircraft are no longer tasked with delivering gravity bombs. 
pThe F-15E can carry up to 5 B61s. Some tactical B61s in Europe are available for NATO 
DCAs (F-16MLU, PA-200). The maximum yield of the B61-3 is 170 kilotons, while the 
maximum yield of the B61-4 is 50 kilotons. 
qAn estimated 100 B61-3 and −4 bombs are deployed in Europe, of which about 60 are 
earmarked for use by NATO aircraft. The remaining 100 bombs are in central storage in 
the United States as backup and contingency missions in the Indo-Pacific region. The 
new B61-12 gravity bomb is in production and will begin replacing the older versions in 
Europe and the United States from early-2023. 
rDeployed warheads include approximately 1,370 on ballistic missiles (400 on ICBMs and 
970 on SLBMs), 300 weapons at heavy bomber bases, and 100 nonstrategic bombs 
deployed in Europe. 
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Implementing the New START Treaty: Navigating 
Compliance, Strategic Balances, and Bilateral 
Inspections 
In the realm of nuclear arms control, the New Strategic Arms Reduction Treaty (New 
START) stands as a cornerstone of contemporary efforts to manage and reduce the 
proliferation of strategic nuclear weapons. As of the latest data exchange on September 
1, 2022, the United States appears to be fully compliant with the treaty's stipulations. 
According to this exchange, the United States had deployed 659 strategic launchers 
equipped with 1,420 attributed warheads, marking a decrease of six launchers and an 
increase of 31 warheads over the previous year. However, it's crucial to understand that 
these variations are not indicative of a substantive change in the U.S. arsenal but rather 
result from normal operational fluctuations, such as launchers entering or exiting 
maintenance phases. 

Discrepancies in Warhead Counts and Treaty Limitations 
There is a noted discrepancy between the warhead counts reported by the U.S. State 
Department and the estimates presented in this Nuclear Notebook. The New START 
counts one warhead per deployed bomber as per treaty rules, even though these 
bombers do not carry nuclear weapons under standard peacetime conditions. The 
Nuclear Notebook, however, offers a broader overview by including weapons stored at 
bomber bases that could be rapidly armed in response to crises, as well as nonstrategic 
nuclear weapons stationed in Europe. This discrepancy underscores a more nuanced 
picture of U.S. nuclear capabilities than that offered by the treaty's counting 
mechanisms. 

Historical Reductions and Treaty Impact 
Since the treaty's enactment in February 2011, the biannual aggregate data reflects that 
the United States has reduced its arsenal by 324 strategic launchers, 223 of which were 
deployed, and 380 deployed strategic warheads. These reductions amount to 
approximately 11 percent of the remaining 3,708 warheads in the U.S. stockpile and 
about 8 percent of the total U.S. arsenal, which includes 5,428 stockpiled and retired 
warheads awaiting dismantlement. The 2022 Nuclear Posture Review reiterates the U.S. 
commitment to maintain its strategic nuclear delivery systems and deployed weapons 
within the New START Treaty's central limits as long as the treaty remains in effect. 
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Treaty Extension and Current Strategic Postures 
In 2021, the United States and Russia mutually agreed to extend the New START Treaty 
until February 2026. Presently, the U.S. is 41 launchers and 130 warheads below the 
treaty's limit for deployed strategic weapons. However, it possesses 119 more deployed 
launchers than Russia, nearly equivalent to the size of an entire U.S. Air Force 
intercontinental ballistic missile (ICBM) wing. Interestingly, despite this imbalance, 
Russia has not taken steps to match the U.S. numbers by deploying additional strategic 
launchers, and the gap has widened since February 2018. 

Treaty Expiry and Future Prospects 
Should the New START Treaty expire without a successor agreement, both the United 
States and Russia could potentially increase their nuclear arsenals by uploading several 
hundred additional warheads onto their respective launchers. Thus far, the treaty has 
effectively capped the deployed strategic forces of both nations. However, the absence 
of a follow-on treaty would not only remove these caps but also eliminate a critical 
transparency mechanism that allows each country insight into the other's nuclear forces. 
As of December 8, 2022, the U.S. and Russia had conducted 328 on-site inspections and 
exchanged 25,017 notifications, fostering a significant level of mutual understanding and 
verification. 

Challenges in Bilateral Relations and Treaty Compliance 
On-site inspections, a pivotal element of the treaty's verification process, have been 
suspended since early 2020 due to the COVID-19 pandemic. Compounding this 
challenge, on August 8, 2022, Russia declared a temporary withdrawal of its facilities 
from inspection obligations, citing what it perceived as unfair practices by the United 
States. This announcement came just one day before a scheduled meeting of the 
Bilateral Consultative Commission, which Russia postponed, attributing the delay to U.S. 
arms supplies to Ukraine. 

These developments reflect the complex interplay of geopolitical factors influencing 
nuclear arms control. The New START Treaty, while a critical tool in the reduction and 
management of strategic nuclear arsenals, operates within a broader context of 
international relations and national security priorities. The ongoing dialogue and 
negotiations will likely continue to shape the strategic nuclear landscape and the 
bilateral relations between these nuclear-armed superpowers. 
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Rethinking Nuclear Strategy: The 2022 Nuclear Posture 
Review and its Implications for Global Security 
In March 2022, the Biden administration delivered the classified version of the latest 
Nuclear Posture Review (NPR) to Congress, marking a pivotal moment in the ongoing 
dialogue about U.S. nuclear strategy. 

 The release of the public version, initially scheduled for the same timeframe, was 
postponed until October 2022. This delay was attributed to the escalating tensions 
following Russia's invasion of Ukraine, underscoring the intricate interplay between 
global events and national security policies. 

The 2022 Nuclear Posture Review: A Synopsis 
The 2022 NPR, distinctively concise compared to its predecessors, integrates into the 
broader National Defense Strategy along with the Missile Defense Review. This 
embedding signifies a strategic alignment of U.S. defense postures, reflecting a coherent 
approach to national and international security threats. The document’s brevity and 
integration indicate a streamlined approach aimed at enhancing clarity and focus in U.S. 
military strategy. 

Continuity and Change in U.S. Nuclear Policy 
Despite its new context, the 2022 NPR aligns broadly with the principles set forth in the 
Trump administration’s 2018 NPR, which itself followed the trajectory of the Obama 
administration’s 2010 review. Key to this continuity is the rejection of a nuclear "no-first-
use" policy.  

Instead, the U.S. maintains a stance that nuclear weapons could be used under "extreme 
circumstances" to defend national interests or those of its allies and partners. This 
position underscores a consistent U.S. policy that while seeking to reduce reliance on 
nuclear weapons, acknowledges their role in deterrence and defense. 

However, the 2022 NPR does introduce nuanced changes in language and policy focus. 
For example, it mentions a movement towards a potential future declaration of nuclear 
weapons serving a "sole purpose" of deterring nuclear attacks, indicating a shift towards 
more restrictive use policies. This adaptation suggests a strategic recalibration in 
response to evolving global security dynamics and the feedback from allied nations. 
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Strategic Deterrence and Assurance 
The review delineates three primary roles for U.S. nuclear forces: 

• Deterring strategic attacks. 

• Assuring allies and partners. 

• Achieving U.S. objectives should deterrence fail. 

These roles reflect a slight linguistic shift from the 2018 NPR, focusing more on 'strategic' 
rather than 'nuclear and non-nuclear' attacks. This change likely aims to encompass a 
broader range of emerging threats, including cyber and advanced conventional 
weaponry, thus adapting to the changing nature of global conflict. 

Reduction and Modernization 
Significant policy shifts in the 2022 NPR include the decision to cancel the development 
of a new sea-launched cruise missile and to retire the B83-1 gravity bomb, the last U.S. 
nuclear weapon with a megaton-level yield. These decisions reflect an ongoing 
reassessment of the necessary components of the U.S. nuclear arsenal in light of current 
security needs and technological advancements. 

The cancellation of the sea-launched cruise missile program and the phasing out of the 
B83-1 bomb indicate a move towards relying on more versatile and modernized weapons 
that can meet current and future strategic needs without escalating nuclear capabilities 
unnecessarily. 

Financial and Strategic Implications 
The Congressional Budget Office has estimated that the nuclear modernization plan, 
continuing well beyond 2039, will cost approximately $1.2 trillion over the next three 
decades. This projection underscores the immense financial commitment involved in 
maintaining and modernizing the U.S. nuclear arsenal. The fiscal implications are 
profound, given the competing demands of conventional military modernization 
programs and other national priorities. 

As the global security landscape continues to evolve, the U.S. Nuclear Posture Review 
serves as a critical instrument in defining the role of nuclear weapons in national and 
international security strategy. The 2022 NPR, while maintaining certain continuities, 
introduces strategic shifts that reflect the current administration’s response to the 
complex tapestry of global threats and the imperative of nuclear non-proliferation. As 
such, it remains a pivotal element of U.S. defense policy, instrumental in shaping the 
country's strategic posture in the face of 21st-century challenges. 
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Strategic Shifts and Tactical Evolutions: The Evolving 
Dynamics of U.S. Nuclear Strategy from the Obama to 
Biden Administrations 
The intricate dance of deterrence and strategy underlying the United States' nuclear 
posture has seen considerable shifts over the past decade. From the Obama 
administration's measured stance to the Trump administration's assertive revisions, and 
into the ongoing adjustments under President Biden, U.S. nuclear strategy has 
continually adapted to the complexities of global power dynamics and emerging security 
challenges. 

Revisions in Nuclear Employment Strategy under Trump 
In April 2019, a significant shift occurred when President Donald Trump signed a new 
Nuclear Employment Guidance. This document, which was subsequently implemented 
by the Nuclear Weapons Employment Planning and Posture Guidance signed by the 
Secretary of Defense, marked a departure from the previous guidance issued under 
President Obama in 2013. These changes were not merely administrative but were 
substantial enough to instigate an update in the strategic war plan known as OPLAN 
8010–12, effectively from April 30, 2019. This plan, originally set in motion in July 2012 in 
response to Operations Order Global Citadel, was comprehensively revised to adapt to 
the new directives emanating from the White House and the Department of Defense. 

OPLAN 8010–12, known as "Strategic Deterrence and Force Employment," targets four 
primary adversaries: Russia, China, North Korea, and Iran. The 2019 update to this plan 
was particularly notable for its emphasis on "great power competition." It incorporated a 
new cyber strategy and blurred traditional distinctions between nuclear and 
conventional warfare, integrating non-nuclear weapons as equally significant elements 
of the U.S. military's strategic arsenal. 

Flexibility and Integration in Modern Nuclear Strategy 
The revised strategy underlined the importance of flexibility and escalation control. It 
aimed to resolve conflicts at the lowest practicable level, developing adaptable response 
options to de-escalate, defend against, or defeat hostile actions. This approach was a 
direct response to criticisms of Russia's alleged "escalate-to-deescalate" strategy, which 
the Trump administration's Nuclear Posture Review (NPR) highlighted as a significant 
threat. 

The 2020 Nuclear Employment Strategy, reading more like a scholarly article, reiterated 
these objectives. It emphasized that if deterrence failed, the U.S. would strive to 
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conclude conflicts with minimal damage and on the most favorable terms possible. This 
strategy advocates for a balanced response, demonstrating both resolve and restraint, to 
alter an adversary's decision-making concerning further escalation. 

Operational Flexibility and Readiness 
General John Hyten, former commander of the U.S. Strategic Command, in 2017 
highlighted the evolution of U.S. strategic plans, which now encompass a range of flexible 
options from conventional to large-scale nuclear responses. This flexibility ensures that 
the U.S. can rapidly adapt to changing global scenarios, providing the President and his 
team with various strategic choices depending on the nature of the international threat 
or conflict. 

Enhancing Readiness Through Rigorous Exercises 
To refine and practice these strategic plans, the U.S. military has conducted numerous 
nuclear-related exercises. For instance, Strategic Command's Global Lightning exercises 
in March 2021 and January 2022 assessed joint operational readiness across all mission 
areas. These exercises were not standalone but integrated with other commands such as 
the U.S. European Command and U.S. Space Command, demonstrating the holistic 
approach to strategic military readiness. 

Furthermore, Air Force Global Strike Command's exercises, such as Prairie Vigilance and 
Spirit Vigilance, focused on testing and demonstrating the readiness of B-52 and B-2 
bomber wings for nuclear and global strike capabilities. These exercises, typically 
culminating in the annual Global Thunder exercise, underscore the continuous emphasis 
on nuclear readiness and the integration of nuclear capabilities within broader strategic 
military operations. 

Strategic Bomber Deployments and Changing Geopolitical Dynamics 
Since Russia's annexation of Crimea in 2014, and intensified again following its 2022 
invasion of Ukraine, there has been a noticeable increase in U.S. bomber operations in 
Europe. These operations, previously known as Bomber Assurance and Deterrence 
missions, have been redesigned as Bomber Task Force missions. They not only train with 
allies but are also prepared to engage in combat operations, reflecting a shift towards a 
more assertive posture in response to Russian aggressions. 

These strategic bombers, capable of carrying both conventional and nuclear weapons, 
are now regularly deployed to forward bases in Europe. For instance, in March 2019, four 
B-52s were deployed to Royal Air Force Fairford, which included two nuclear-capable and 
two conventional-only aircraft. This deployment strategy not only demonstrates U.S. 
military capabilities but also serves as a deterrent against potential adversaries. 
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Agile Combat Employment Strategy 
Since 2019, the U.S. has also implemented an "agile combat employment" strategy. This 
approach involves dispersing bombers to a wider array of smaller, widely spaced airfields 
in crisis scenarios. This tactic increases the survivability of the U.S. bomber force by 
complicating the targeting calculations of potential adversaries, thereby enhancing the 
overall strategic stability. 

The evolution of the U.S. nuclear strategy reflects a complex interplay of deterrence, 
readiness, and adaptability. Through continual updates to strategic documents, rigorous 
training exercises, and the integration of nuclear and conventional capabilities, the U.S. 
aims to maintain a credible, flexible, and formidable deterrent that can address the 
challenges posed by both state and non-state actors in the increasingly multipolar world 
of the 21st century. 
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The Evolution and Modernization of the US Air Force's 
ICBM Force 
The United States Air Force (USAF) has a storied history of maintaining and upgrading its 
intercontinental ballistic missile (ICBM) capabilities, a critical component of its strategic 
deterrent forces. This chapter delves into the operational structure, modernization 
efforts, and future plans surrounding the USAF's Minuteman III ICBMs, and introduces 
the transition to the next generation of ICBMs with the LGM-35A Sentinel. 

The Minuteman III ICBM Deployment 
The USAF operates a formidable arsenal of 400 silo-based Minuteman III ICBMs. These 
missiles are strategically deployed across three missile wings: the 90th Missile Wing at 
F.E. Warren Air Force Base spanning across Colorado, Nebraska, and Wyoming; the 91st 
Missile Wing at Minot Air Force Base in North Dakota; and the 341st Missile Wing at 
Malmstrom Air Force Base in Montana.  

Each wing comprises three squadrons, with each squadron managing 50 silos, making a 
total of 150 silos per wing. These silos are monitored and controlled by five launch control 
centers per wing. Additionally, the USAF maintains an additional 50 silos in a "warm" 
condition, ready to be activated with stored missiles if necessary. 

Warhead Configuration and Testing 
The operational Minuteman III missiles are each armed with a single nuclear warhead, 
primarily the 300-kiloton W87/Mk21 or the 335-kiloton W78/Mk12A. While currently 
deployed with a single warhead, the W78/Mk12A missiles are capable of being 
configured to carry two or three independently targetable reentry vehicles (MIRVs).  

This capability theoretically allows the ICBM force to field up to 800 nuclear warheads. 
The USAF routinely conducts test launches to validate and demonstrate this multi-
warhead capability.  

The most recent of these tests was on September 7, 2022, when a Minuteman III 
equipped with three reentry vehicles was launched over a distance of approximately 
4,200 miles to the Kwajalein Atoll in the Marshall Islands, a key site for ICBM testing (US 
Air Force 2022b). 

The Multibillion-Dollar Modernization of Minuteman III 
In 2015, the Minuteman III missiles underwent a comprehensive, decade-long 
modernization program costing several billion dollars, aimed at extending their 
operational life until 2030. This program saw extensive upgrades to various missile 
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components, rendering the missiles "basically new except for the shell," according to 
USAF personnel (Pampe 2012). This modernization ensures that the Minuteman III 
remains a reliable element of the U.S. nuclear triad for the foreseeable future. 

Ongoing Upgrades and the Fuze Modernization Program 
The USAF continues to enhance the capabilities of the Minuteman III through various 
upgrade programs. One significant area of focus is the refurbishment of the Mk21 reentry 
vehicles' arming, fuzing, and firing unit, with a budget slightly over a billion dollars. The 
main goal of this program is to extend the operational lifespan of these units. 

 Additionally, a feature known as "burst height compensation" is being added to improve 
the targeting effectiveness of the warheads. Initially planned for 693 fuze replacements, 
this program is expected to expand significantly as the new fuzes will also be equipped 
on the future replacement for the Minuteman III, suggesting a comprehensive overhaul of 
the fuzing system across multiple missile systems (Woolf 2021; Reilly 2021).  

This upgrade is parallel to a similar enhancement underway for the Navy's W76-1/Mk4A 
warhead, indicating a concerted effort to enhance the precision and effectiveness of the 
U.S. strategic arsenal. 

Consideration for Further Life Extension 
The possibility of a second life-extension for the Minuteman III was discussed by the Air 
Force's Deputy Chief of Staff for Strategic Deterrence and Nuclear Integration, Lt. Gen. 
Richard M. Clark, in March 2019.  

He testified before the House Subcommittee on Strategic Forces about the potential for 
extending the missile's service life beyond its current expiration in 2030 (Clark 2019). An 
environmental impact assessment in July 2022 reviewed several alternatives for 
sustaining the ICBM force, including deploying a new, smaller, and more cost-effective 
ICBM with enhanced accuracy, collaborating with private space companies for 
commercial launch capabilities, and adapting the existing Trident II D5 SLBMs for land-
based use.  

However, these options were ultimately rejected for not meeting comprehensive criteria 
such as sustainability, performance, and integration capabilities (US Air Force 2022e). 

Transition to the LGM-35A Sentinel 
The decision to not extend the life of the Minuteman III has paved the way for the 
development and deployment of a new generation of ICBMs. Previously known by its 
programmatic name, the Ground-Based Strategic Deterrent (GBSD), this new missile 
system was officially named the LGM-35A Sentinel in April 2022 (US Air Force 2022c). The 
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Sentinel represents the future of land-based strategic deterrence for the United States, 
with advanced capabilities designed to meet the evolving security challenges of the 21st 
century. 

As the USAF transitions from the Minuteman III to the Sentinel, the strategic landscape 
of the United States' nuclear deterrent capability continues to evolve. These 
advancements ensure that the nation remains prepared to uphold its strategic interests 
and maintain a credible deterrent against threats to national and global security. 
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Modern Giants of the Deep: The Evolution and Strategic 
Role of America’s Ohio and Columbia-Class Submarines 
The United States Navy’s ballistic missile submarine force represents a critical 
component of the national strategic deterrent capability. These submarines, specifically 
the Ohio-class and the forthcoming Columbia-class, are instrumental in maintaining a 
credible, secure, and ready nuclear deterrent that is capable of responding to any global 
threat. This article delves into the operational history, technological advancements, 
strategic significance, and future prospects of these maritime leviathans. 

The Strategic Vanguard: Ohio-Class Submarines 
The Ohio-class submarines have been the backbone of the U.S. strategic submarine 
force since their introduction in the early 1980s. As of now, the U.S. Navy operates a fleet 
of 14 Ohio-class ballistic missile submarines (SSBNs). These are split between the 
Pacific and Atlantic fleets, with eight stationed at Naval Base Kitsap near Bangor, 
Washington, and six at Naval Submarine Base Kings Bay in Georgia. 

Historically, two of these 14 submarines would be undergoing reactor refueling and a 
comprehensive overhaul at any given time, a process that is essential for extending their 
operational lifespan. Following the completion of the last refueling in 2022, all 14 
submarines are potentially deployable until 2027, which is when the first of the class is 
scheduled for retirement. However, the actual number of submarines at sea at any given 
time is generally between eight and ten due to routine maintenance and repairs. Typically, 
about half of these are maintained on hard alert within their designated patrol areas, 
while the others can be brought to alert status relatively quickly. 

Each Ohio-class submarine is equipped to carry up to 20 Trident II D5 sea-launched 
ballistic missiles (SLBMs), a reduction from 24 to comply with the New START treaty 
limits. Collectively, the 14 submarines can carry up to 280 missiles, although the United 
States has committed to deploying no more than 240. Since 2017, the Navy has been 
upgrading these submarines with the Trident II D5LE—a life-extended version of the 
missile that features enhanced range and accuracy, thanks to advancements such as the 
new Mk6 guidance system developed by Draper Laboratory. 

Technological Upgrades and Strategic Adjustments 
The Trident II D5LE, capable of striking targets over 12,000 kilometers away, represents a 
significant improvement in the United States’ strategic missile capabilities. This upgrade 
process, set to continue until all submarines are equipped, extends the operational life 
of the missiles and enhances their reliability and precision. Additionally, the same missile 
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variant is slated to equip the next-generation U.S. Columbia-class and British 
Dreadnought-class ballistic missile submarines. 

Beyond the D5LE, the U.S. Navy plans a second life-extension for the Trident II D5 to 
ensure its serviceability through 2084. This initiative, known as the D5LE2, underscores 
the long-term commitment to maintaining a robust, sea-based deterrent without 
developing a new missile system, contrasting with the Air Force’s approach with the 
Sentinel land-based ballistic missile. 

In 2021, the Navy also committed to increasing its missile inventory by acquiring an 
additional 108 Trident missiles for deployment and testing purposes. This procurement 
highlights the strategic emphasis on maintaining a substantial and ready arsenal as part 
of national defense priorities. 

Warhead Modernization and Deterrent Capabilities 
Each Trident missile deployed on Ohio-class submarines is capable of carrying multiple 
nuclear warheads. The standard loadout includes an average of four to five warheads per 
missile, with the fleet's total deployed warheads numbering around 950. These warheads 
play a critical role in deterrence, constituting approximately 70 percent of all warheads 
attributed to the United States’ deployed strategic launchers under the New START treaty. 

The warheads themselves have undergone significant enhancements. The W76-1, an 
improved version of the older W76-0, now features enhanced safety mechanisms and a 
slightly lower yield, while maintaining effective targeting capabilities. Production of this 
warhead variant concluded in 2019 after a decade-long effort. Meanwhile, the W88 
warhead is in the midst of a life-extension program that aims to modernize its 
components and enhance safety by incorporating insensitive high explosives. 
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Table . US Navy's strategic submarine forces 

Attribute Details 

Submarine 
Class Ohio-class SSBNs and Columbia-class SSBNs 

Number of 
Submarines 14 Ohio-class SSBNs; Columbia-class (number to be determined) 

Base Locations 
Pacific Fleet: Near Bangor, Washington (8 submarines) <br> Atlantic 
Fleet: Kings Bay, Georgia (6 submarines) 

Operational 
Status 

As of 2022, all Ohio-class submarines are operational. Expected 
retirement of the first Ohio-class submarine in 2027. 

Missile 
Capacity 

Each submarine can carry up to 20 Trident II D5 or D5LE SLBMs (down 
from 24 to comply with New START limits). 

Deployment of 
SLBMs 

A maximum of 280 missiles could be carried by the fleet, but only up 
to 240 are deployed in compliance with treaty limits. 

Missile Range 
and Upgrades 

Trident II D5LE with a range of over 12,000 km, equipped with the Mk6 
guidance system. Upgrades include replacing existing missiles on 
British submarines and future armament of Columbia-class and 
Dreadnought-class submarines. 

Nuclear 
Warhead Types Three types: 90-kiloton W76-1, 8-kiloton W76-2, and 455-kiloton W88. 

Warhead 
Deployment 

Approximately 950 warheads deployed across operational SSBNs, 
accounting for about 70% of US strategic launchers under New START. 

Refueling and 
Maintenance 

Last refueling completed in 2022. Ohio-class submarines undergo a 
refueling overhaul approximately midway through their operating 
lifespan. Columbia-class will not require midlife nuclear refueling. 

Operational 
Readiness Typically, 8 to 10 submarines at sea at any time, with 4-5 on hard alert. 
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Attribute Details 

Deterrent 
Patrols 

Annual patrols reduced over years, now 30 to 36. Submarines also 
conduct modified alerts, exercises, and occasional port visits. 
Longest recorded patrol was 140 days by USS Pennsylvania in 2014. 

Foreign Port 
Visits 

Rare but have included visits to South Korea, Europe, the Caribbean, 
Pacific ports, and Scotland as strategic signals, particularly following 
geopolitical tensions. 

Future 
Developments 

Columbia-class to begin replacing Ohio-class in late 2020s, with the 
first deterrence patrol scheduled for 2031. Columbia-class will have 
16 missile tubes and is designed to be quieter with electric-drive 
propulsion. Projected to be quieter and more resilient. 

Cost and 
Budget 
Implications 

Columbia-class program estimated to cost $112 billion. Lead boat 
(USS District of Columbia) projected at approximately $15 billion. 

Test Launches 
As of 2022, four Trident II D5LE missiles test-launched from USS 
Kentucky. A total of 188 successful test launches since 1989. 

International 
Cooperation 

Supports the United Kingdom's nuclear deterrent with shared missile 
technology and planned future collaborations on warhead 
development, including the W93 warhead in the Mk7 aeroshell. 

This table consolidates the comprehensive data on the US Navy's strategic submarine 
forces, detailing their operational parameters, strategic capabilities, and future 
developments within the fleet. 
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Evolution and Modernization of the U.S. Air Force's 
Strategic Bomber Fleet 
The U.S. Air Force's strategic bomber fleet serves as a cornerstone of America's national 
security and nuclear deterrence capabilities. Currently, this fleet comprises various 
bomber models, each fulfilling critical roles within the U.S. strategic military framework. 
Among these, the B-2A, B-52H, and B-1B bombers are pivotal, providing both 
conventional and nuclear strike capabilities, albeit with varying degrees of engagement 
in nuclear roles. 

Current Fleet Composition and Operational Status 
The Air Force operates 20 B-2A bombers and 87 B-52H bombers. All B-2As and 46 of the 
B-52Hs are nuclear-capable, highlighting their role in nuclear deterrence. In contrast, the 
B-1B bombers are designated for conventional missions only, reflecting a strategic shift 
in their deployment. Approximately 60 bombers (18 B-2As and 42 B-52Hs) are earmarked 
for nuclear missions according to U.S. nuclear war plans. However, operational readiness 
varies, with New START data from September 2021 indicating only 45 nuclear bombers 
were actively deployed at that time. 

Strategic Base Allocation 
These bombers are not just scattered randomly but are strategically positioned across 
three major bases: 

• Minot Air Force Base, North Dakota 

• Barksdale Air Force Base, Louisiana 

• Whiteman Air Force Base, Missouri 

These locations are chosen for their strategic importance and ability to rapidly respond 
to national security threats. Each base houses multiple bomb squadrons organized into 
five bomb wings, which are crucial for maintaining the operational readiness and 
logistical support of the fleet. 

Bomber Armament and Capability 
The B-2A can carry up to 16 nuclear bombs, including B61-7, B61-11, and B83-1 gravity 
bombs. The B-52H, historically versatile, now carries up to 20 AGM-86B air-launched 
cruise missiles, reflecting a shift from its earlier capability to deploy gravity bombs. This 
armament capability underpins the strategic utility of these bombers, providing the U.S. 
with significant retaliatory and preemptive strike capabilities. 
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Nuclear Arsenal Management 
The total nuclear arsenal assigned to these bombers is about 788 weapons, with around 
300 believed to be deployed directly at the bomber bases. The remainder are securely 
stored at the Kirtland Underground Munitions Maintenance and Storage Complex in New 
Mexico, ensuring their readiness and security. 

Modernization Efforts 
Recognizing the evolving nature of global threats, the U.S. has embarked on a 
comprehensive modernization of its bomber fleet, which includes upgrading existing 
platforms and developing new technologies. Key initiatives include: 

Nuclear Command and Control Upgrades: 

• Global Aircrew Strategic Network Terminal (GASNT): A high-altitude, EMP-
hardened communication network designed to enhance the nuclear command 
and control capabilities. Initially expected in May 2020, its delivery was postponed 
to January 2022. 

• Family of Advanced Beyond Line-of-Sight Terminals (FAB-T): These are 
designed to replace older systems and ensure secure, high-data-rate 
communication across various satellite constellations, including MILSTAR and 
Advanced EHF. 

Development of New Weapons: 

• B61-12 Nuclear Gravity Bomb: This new bomb is intended to replace older 
models like the B61-4, offering improved accuracy and limited earth-penetration 
capabilities. Despite initial delays, full-scale production commenced in October 
2022. 

• AGM-181 Long-Range Standoff Weapon (LRSO): Set to replace the AGM-86B by 
2030, this missile will carry the W80-4 warhead, promising enhanced range, 
accuracy, and stealth capabilities. 

B-21 Raider: The Future of U.S. Bomber Fleet 
Amid these modernization efforts, the B-21 Raider stands out as the future centerpiece 
of the U.S. bomber fleet. This new bomber is under development by Northrop Grumman, 
with significant improvements over its predecessors. It is designed to deliver both nuclear 
and conventional payloads, including the new B61-12 bombs and the upcoming AGM-181 
LRSO. The Air Force plans to deploy the B-21 initially at Ellsworth Air Force Base, followed 
by Whiteman and Dyess Air Force Bases, marking a significant expansion in the strategic 
bomber infrastructure. 
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Costs and Strategic Investments 
The development and integration of these advanced systems involve substantial 
financial commitments. For instance, the B-21 program alone is projected to cost 
approximately $203 billion over its 30-year operational span. Moreover, contracts worth 
billions have been awarded for the development of the LRSO and its integration into the 
bomber fleet, reflecting the significant investments the U.S. government is making to 
maintain its strategic edge. 

Deployment and Future Operations 
The strategic deployment of these bombers, particularly with the integration of the B-21, 
is expected to significantly enhance the U.S. Air Force's capabilities. The B-21 Raider is 
designed to be a highly advanced platform, incorporating the latest stealth technology, 
making it less detectable to enemy radars and therefore more effective in penetrating 
modern air defenses. This capability ensures that the U.S. maintains its strategic 
advantage in aerial warfare. 

Integration Challenges and Technological Innovations 
Integrating new technology into existing military frameworks presents challenges, 
particularly in terms of compatibility with legacy systems and the training required for 
personnel. However, the U.S. Air Force has been proactive in addressing these challenges 
through comprehensive testing and training programs. The B-21, for example, has 
undergone extensive testing to ensure it meets operational standards before its expected 
deployment in the mid-2020s. Similarly, the integration of new command and control 
systems like the GASNT and FAB-T into the bomber fleet enhances the overall 
effectiveness of nuclear and conventional mission planning. 

Enhanced Strategic Capabilities 
With the deployment of the B-21 and the introduction of new missile systems like the 
LRSO, the strategic capabilities of the U.S. bomber fleet are set to increase significantly. 
These advancements allow for greater flexibility in responding to global threats, providing 
U.S. commanders with a variety of options from high-intensity conflict to deterrent 
patrols. Additionally, the ability to deploy from further distances with more accurate 
weapons systems minimizes risks to personnel and increases the effectiveness of U.S. 
strategic initiatives. 

Global Implications 
The modernization of the U.S. bomber fleet has significant global implications, 
particularly in terms of nuclear deterrence and global power dynamics. The enhanced 
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capabilities of the fleet strengthen the U.S.'s position in strategic talks and deter potential 
adversaries by showcasing advanced military readiness. Furthermore, this 
modernization serves as a critical component in the broader context of U.S. defense 
strategy, which seeks to maintain superiority in all domains of warfare. 

Ongoing Projects and Future Developments 
Several ongoing projects and future developments are slated to continue enhancing the 
U.S. bomber fleet: 

• Further Development of the B-21: As additional units of the B-21 are produced 
and deployed, further enhancements and modifications are expected to improve 
its performance and survivability in hostile environments. 

• Expansion of LRSO Capabilities: Ongoing development and eventual 
deployment of the LRSO will replace older missile systems, providing the bombers 
with a more capable long-range strike option. 

• Continued Upgrades to Nuclear Command and Control: The U.S. Air Force 
remains committed to upgrading its nuclear command and control systems, 
ensuring robust and secure communications for all strategic forces. 

The U.S. Air Force's strategic bomber fleet stands at a pivotal point in its history, with 
significant investments driving its transformation into a more capable and flexible force. 
As these modernization efforts continue, they will not only enhance the operational 
capabilities of the U.S. military but also solidify the U.S.'s role as a dominant global power 
in the realm of strategic military operations. The integration of cutting-edge technology, 
along with the development of new platforms like the B-21, ensures that the U.S. remains 
at the forefront of aerospace technology and global strategic deterrence for decades to 
come. 
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Table U.S. strategic bombers, their nuclear capabilities, command-
and-control upgrades, and modernization plans 

Category Details 

Bomber Fleet 
Composition - B-2A Bombers: 20 (all nuclear-capable) 

 
- B-52H Bombers: 87 (46 nuclear-capable) 

 
- B-1B Bombers: Non-nuclear 

Bombers Assigned to 
Nuclear Missions - Total: 60 (18 B-2As and 42 B-52Hs) 

 

- Deployed as per New START (Sept 2021): 45 (11 B-2As, 34 B-
52Hs) 

Base Organization 
- 9 bomb squadrons in 5 bomb wings at 3 bases: Minot AFB 
(ND), Barksdale AFB (LA), Whiteman AFB (MO) 

Future Plans 
- Introduction of B-21 Raider expected to increase number of 
bases 

Nuclear Armament - B-2A: Up to 16 nuclear bombs (B61-7, B61-11, B83-1) 

 

- B-52H: Up to 20 air-launched cruise missiles (AGM-86B); no 
longer assigned gravity bombs 

Nuclear Weapons 
Estimate 

- Total nuclear weapons assigned to bombers: 788 (approx. 
500 air-launched cruise missiles, remainder gravity bombs) 

 
- Deployed weapons at bomber bases: About 300 

 

- Central storage: Remaining 488 at Kirtland Underground 
Munitions Maintenance and Storage Complex, NM 

Modernization Efforts 

- Nuclear command-and-control upgrades (Global Aircrew 
Strategic Network Terminal, Family of Advanced Beyond Line-
of-Sight Terminals) 
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Category Details 

 

- Development of new weapons (B61-12 gravity bomb, AGM-
181 Long-Range Standoff Weapon) 

Cost and 
Development Delays - B61-12 cost: Approx. $10 billion; production delays cited 

 

- AGM-181 LRSO cost: Development and production 
estimated at $4.6 billion; full-rate production begins in 2027 

Contract Awards 
- Raytheon Technologies selected for LRSO; $2 billion 
contract awarded for next development phase 

Integration and 
Testing - LRSO to be integrated on B-52H and new B-21 bombers 

 

- Boeing awarded $250 million for integration of LRSO onto B-
52Hs 

B-21 Raider 
Development 

- Six B-21 bombers in production; first assembled bomber 
calibration tests began early March 2022 

 

- Expected to enter service mid-2020s; replaces B-1B and B-2 
in the 2030s 

 

- At least 100 bombers to be procured, with costs estimated 
at $203 billion over 30 years 

Deployment Plans 
- B-21 bombers to be initially deployed at Ellsworth AFB (SD), 
followed by Whiteman AFB (MO) and Dyess AFB (TX) 

Base Conversion 

- Conversion of non-nuclear B-1 host bases to nuclear 
capabilities; increase of nuclear storage facilities from 2 to 5 
bases by 2030s 

This table consolidates all significant data points related to the U.S. Air Force's strategic 
bombers, detailing their current capacities, planned modernizations, and future 
strategic direction. 
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Controversies and Challenges in the ICBM Modernization 
Program 

Public and Congressional Scrutiny 
In 2022, amid rising public and congressional concerns, the Department of Defense 
tasked the Carnegie Endowment for International Peace, a non-governmental think tank, 
with evaluating the relative risks and benefits of various future paths for the ICBM force. 
The resulting report criticized the Pentagon's opaque decision-making process in 
selecting the Sentinel over other potential options. The think tank noted significant 
limitations in their study, such as a lack of access to classified information and 
insufficient technical expertise, which hindered a comprehensive assessment of the 
alternatives to the Sentinel program. The authors expressed reservations about the 
conclusiveness of the Pentagon's presentations, suggesting that potential options 
available in a 2014 analysis might have been prematurely dismissed without adequate 
consideration (Dalton et al. 2022). 

The Inevitability of the Sentinel as the Successor to Minuteman III 
The Carnegie report ultimately conceded that if future strategic needs surpass the 
capabilities of the Minuteman III, and if the Sentinel can meet these advanced 
requirements, then the Sentinel would be the necessary choice. Nevertheless, the report 
highlighted ongoing strategic concerns that are not addressed by enhancing missile 
capabilities alone, such as the vulnerabilities associated with silo-based systems and 
the limitations posed by launch-on-warning protocols. These issues underscore the 
complex balance of maintaining effective deterrence while managing the risks inherent 
in nuclear arsenals (Korda 2021). 

Procurement and Industry Challenges 
The Sentinel program itself has not been without controversy, particularly regarding its 
procurement processes. The USAF awarded a significant $13.3 billion sole-source 
contract to Northrop Grumman for the engineering and manufacturing development 
phase of the Sentinel, raising questions about competitiveness and transparency in the 
contracting process (Korda 2021). 

Operational Requirements and Financial Implications 
According to the Air Force’s 2020 milestone requirements, the initial deployment of the 
Sentinel involves deploying 20 missiles equipped with legacy warheads to achieve initial 
operational capability by 2029. The overall plan includes purchasing 659 missiles, with 
400 to be deployed and the remainder allocated for testing and as spares. The cost 
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estimates for these missiles have escalated from an initial $85 billion in 2016 to between 
$93.1 billion and $95.8 billion (Capaccio 2020). These figures do not account for the 
expenses related to developing the new Sentinel warhead, the W87-1, projected to cost 
an additional $14.8 billion (Government Accountability Office 2020). 

Technological and Strategic Updates 
The Sentinel is designed to meet existing strategic requirements while offering the 
flexibility for future upgrades through 2075. Despite its enhancements, there are 
concerns about its range limitations, particularly its inability to target certain adversaries 
without overflying other countries, which could raise geopolitical tensions (US Air Force 
2016; Bartolomei 2021). 

Nuclear Warhead Development and Production Challenges 
The transition to the new W87-1 warhead has been a focal point of the Sentinel program. 
Originally, the Air Force planned to upgrade the existing W78 warheads to a new version 
known as Interoperable Warhead 1. However, this plan was scrapped in favor of a direct 
replacement program, resulting in the W87-1 design, which incorporates a modern 
insensitive high explosive (IHE) primary design and a W87-like plutonium pit (US 
Department of Energy 2018b). 

Production and Deployment Setbacks 
The National Nuclear Security Administration (NNSA) faces significant challenges in 
meeting the ambitious production targets for the new plutonium pits required for the 
W87-1 warheads. The agency has historically struggled with project delays and lacks a 
robust large-scale production capability. As of 2021, the NNSA's goal to produce 80 
plutonium pits per year by 2030 was deemed unrealistic by independent auditors and the 
NNSA's own leadership, acknowledging that this target is unlikely to be met (Government 
Accountability Office 2020; Demarest 2021, 2022). 

Future of the Savannah River Site 
The Savannah River Site, essential for producing a large portion of the new plutonium pits, 
has experienced substantial delays. Initially set to be operational by 2030, the facility's 
completion has been postponed to between 2032 and 2035. Recent updates in 2022 
pushed the expected operational start date to mid-2025, further complicating the 
timeline for the Sentinel's full deployment (National Nuclear Security Administration 
2021c; South Carolina Legislature 2022). 

The modernization of the United States' ICBM force encapsulates a broad spectrum of 
strategic, technological, and fiscal challenges. As the Air Force transitions from the aging 
Minuteman III to the more advanced Sentinel, it navigates a complex landscape of public 
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scrutiny, technological hurdles, and geopolitical considerations. This transition 
underscores the enduring tension between maintaining a credible strategic deterrent and 
managing the inherent risks of nuclear armament. 

Integration Challenges and Upgrades in the Sentinel Program 
Despite successfully completing a key milestone with the March 2021 requirements 
review for the W87-1 warhead, the Sentinel program faces significant challenges that 
might lead to delays, necessitating the initial deployment of new systems with legacy 
warheads. This situation underscores the complexities and technical hurdles in 
developing modern ICBM systems (Sirota 2021; US Air Force 2020a). 

Contract Awards and Design Modifications 
In a major development within the program, Lockheed Martin secured a $138 million 
contract in October 2019 to integrate the Mk21 reentry vehicle into the Sentinel system, 
outcompeting major defense contractors such as Boeing, Raytheon, and Northrop 
Grumman. This integration is crucial because the new W87-1/Mk21A configuration is 
bulkier than the existing W78/Mk12A, necessitating a wider payload section in the 
Sentinel design to accommodate multiple warheads. Notably, illustrations from 
Northrop Grumman depict the Sentinel with a noticeably wider upper body compared to 
the Minuteman III, indicating significant design changes (Kristensen 2019b). 

Testing Setbacks 
A key test involving the new Mk21A reentry vehicle on a Minotaur II+ rocket in July 2022 
ended in failure when the rocket exploded shortly after launch. This incident has led to 
an ongoing investigation, the results of which have yet to be disclosed to the public. Such 
setbacks highlight the risks and challenges inherent in testing and developing new 
military technologies (US Space Force 2022; US Air Force 2022h). 

Construction and Deployment Timelines 
The Sentinel missile system, also known as the LGM-35A Sentinel, is progressing in its 
deployment, which involves replacing the Minuteman III ICBMs with newer, more 
advanced intercontinental ballistic missiles. This modernization is designed to enhance 
the strategic deterrence capabilities of the U.S. Air Force. 

The overall deployment plan for the Sentinel system is quite extensive. Northrop 
Grumman, the lead contractor for the project, began key testing phases in 2024, which 
are crucial for refining the missile's design and ensuring its operational reliability. The 
tests on the forward and aft sections of the missile, in particular, have been 
instrumental in mitigating risks associated with the missile's inflight dynamics. 
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Regarding the construction and deployment timelines: 

• The Air Force plans to upgrade each of the 150 launch facilities over nine years, 
with the objective of completing one launch facility per week. 

• Each of the eight missile alert facilities is expected to be upgraded within a year. 

• The first test flight of the Sentinel missile was planned as early as 2023, with 
production starting in 2026. 

• The first operational deployments are planned at F.E. Warren Air Force Base, with 
subsequent deployments at Malmstrom and Minot Air Force Bases. 

• The initial operational capability (IOC) for the Sentinel is now expected between 
April and June 2030, slightly delayed from earlier estimates due to various 
challenges including staffing shortfalls, clearance processing delays, and supply 
chain disruptions. 

Furthermore, the conversion of Minuteman III silos to house the new Sentinel missiles is 
a significant part of this modernization effort, involving extensive construction and 
engineering challenges. The Air Force and its contractors are utilizing lessons learned 
from previous experiences and are employing new strategies to increase efficiency and 
reduce potential delays in the construction process. 

The Sentinel program is a critical element in maintaining the viability and effectiveness 
of the U.S. nuclear triad, ensuring that the ground-based component remains capable 
of meeting current and future threats. 

Decommissioning and Storage of Minuteman III 
As the Sentinel missiles are deployed, the older Minuteman III missiles will be removed 
and stored at their respective host bases before being transported for decommissioning. 
The Utah Test and Training Range will handle the destruction of the rocket motors, while 
non-motor components will be decommissioned at Hill Air Force Base. Additionally, new 
storage and maintenance facilities will be constructed to support the transition and 
ongoing operations of the Sentinel system (US Air Force 2020b; Kristensen 2020b). 

Cost Implications 
The US Congressional Budget Office estimated in May 2021 that the cost of acquiring and 
maintaining the Sentinel system would total approximately $82 billion over the 2021–
2030 period, marking a significant increase from earlier estimates. This financial 
projection underscores the substantial investment required for the next generation of 
ICBM capabilities (Congressional Budget Office 2021, 2019). 
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Minuteman III Test Launches Amid Geopolitical Tensions 
The Air Force conducts several Minuteman III flight tests annually. These tests are 
planned well in advance and are stated to be unrelated to external events. However, 
geopolitical tensions influenced the scheduling of these tests in 2022. The first test 
planned for March was canceled in response to the Russian invasion of Ukraine, as a 
gesture to avoid misunderstandings during heightened nuclear tensions. Similarly, a test 
scheduled for August was delayed to avoid exacerbating tensions with China during their 
military exercises, which coincided with a politically sensitive visit to Taiwan by US House 
Speaker Nancy Pelosi (US Department of Defense 2022c; Gordon and Youssef 2022; US 
Air Force 2022f). 

These developments in the Sentinel program and the associated strategic decisions 
reflect the ongoing challenges and complexities of modernizing the United States' 
nuclear deterrent capabilities, balancing technological advancements with geopolitical 
considerations and fiscal constraints. 
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Nonstrategic Nuclear Weapons: A Comprehensive 
Overview 
In the complex and continuously evolving landscape of global nuclear armaments, the 
focus on strategic nuclear weapons often overshadows the equally significant category 
of nonstrategic nuclear weapons. These weapons, characterized by their tactical nature 
and relatively smaller yield, play a pivotal role in the nuclear policies of leading powers, 
particularly the United States. This chapter provides a detailed examination of the current 
status, deployment, and future prospects of the United States' nonstrategic nuclear 
weapons, with a specific focus on the B61 gravity bomb, the sole type of tactical nuclear 
weapon in the U.S. arsenal. 

The B61 Gravity Bomb: An Overview 
The B61 nuclear bomb, a cornerstone of the United States' nonstrategic nuclear 
capabilities, currently exists in two operational versions: the B61-3 and the B61-4. These 
bombs have yield capacities ranging from a minimal 0.3 kilotons to a substantial 170 
kilotons and 50 kilotons respectively. A third version, the B61-10, was phased out of 
service in September 2016. Presently, approximately 200 B61 bombs constitute the 
tactical nuclear arsenal of the U.S., with around half of these deployed across various 
locations in Europe. 

Deployment in Europe 

The deployment of the B61 bombs is strategic and serves as a fundamental element of 
NATO's nuclear sharing policy. About 100 bombs (versions -3 and -4) are stationed at six 
bases across five European nations: 

• Aviano and Ghedi Air Bases in Italy 

• Büchel Air Base in Germany 

• Incirlik Air Base in Turkey 

• Kleine Brogel Air Base in Belgium 

• Volkel Air Base in the Netherlands 

These locations reflect a careful geopolitical balancing, ensuring a spread across the 
northern, central, and southern parts of the continent. However, these numbers 
represent a reduction from earlier figures, attributed mainly to decreased operational 
storage capacities at Aviano and Incirlik, a change documented in reports by Kristensen 
(2015, 2019c). 
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The Backup Arsenal 
The other half of the stockpiled B61 bombs remains in the United States, reserved for 
backup purposes and potential deployment by U.S. fighter bombers. These aircraft, such 
as the F-15Es from the 391st Fighter Squadron of the 366th Fighter Wing at Mountain 
Home in Idaho, play a critical support role for allies beyond Europe, extending into 
Northeast Asia (Carkhuff, 2021). 

Control and Authorization 
Operational control of these nuclear weapons under peacetime conditions lies with the 
U.S. Air Force personnel. However, their deployment in wartime scenarios requires 
authorization from the highest levels of political and military leadership. According to a 
2022 NATO factsheet, the employment of these weapons must be preceded by explicit 
political approval from NATO's Nuclear Planning Group (NPG) and direct authorizations 
from both the U.S. President and, curiously, the UK Prime Minister, despite some 
ambiguity over the latter's role in this process (NATO, 2022a). 

Aircraft and Modernization Efforts 
The nuclear missions are supported by a fleet of aircraft adapted for this role: 

• The Belgian and Dutch air forces currently utilize F-16s, with plans to transition to 
F-35As. 

• The Italian Air Force operates PA-200 Tornados, also moving towards integrating F-
35As. 

• Germany continues to use PA-200 Tornados, with a planned phase-out by 2030 in 
favor of F-35As after a brief consideration of Boeing’s F/A-18E/F Super Hornet (US 
Department of Defense, 2022d). 

Security Concerns and Incidents 
Security of these weapons, especially at foreign bases like Incirlik in Turkey, has been a 
recurring concern. Incidents like the failed coup attempt in Turkey in July 2016 have 
prompted reviews and reassessments of security measures at these sites (Gehrke, 2020; 
Hammond, 2017; Sanger, 2019). 

Modernization and the Introduction of the B61-12 
Looking ahead, the B61 arsenal is set to undergo significant modernization with the 
introduction of the B61-12 bomb. This new variant is expected to enhance the accuracy 
and reduce collateral damage through a guided tail kit. The full-scale production of the 
B61-12 commenced in fall 2022, with completion targeted for 2026 (Sandia National 
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Laboratories, 2022). Its integration into European bases will coincide with the phasing out 
of older versions currently in deployment. 

The trajectory of the United States' nonstrategic nuclear weapons, particularly the B61 
gravity bombs, illustrates a nuanced balance of deterrence, alliance commitments, and 
modernization imperatives. As these weapons undergo transformations and re-
deployments, their role in international security and strategic stability continues to be of 
critical importance. The ongoing updates and strategic considerations surrounding these 
tactical nuclear assets underscore their enduring relevance in the broader nuclear policy 
landscape. 

Here's a comprehensive scheme table summarizing the data: 

Category Details 

Weapon Type B61 gravity bomb 

Versions B61-3, B61-4, B61-10 (retired in September 2016) 

Yield B61-3: 0.3 to 170 kilotons, B61-4: up to 50 kilotons 

Stockpile Approx. 200 tactical B61 bombs (100 in Europe, 100 in the US) 

European Bases 
Aviano and Ghedi (Italy), Büchel (Germany), Incirlik (Turkey), Kleine 
Brogel (Belgium), Volkel (Netherlands) 

Deployment 
Changes 

Reduction in operational storage capacity at Aviano and Incirlik 
since 2009 

Contingency 
Mission 

Greece has a contingency nuclear strike mission but hosts no 
nuclear weapons 

US Backup 
100 B61 bombs stored in the US for backup and potential use 
outside Europe, including Northeast Asia 

Fighter-Bombers 
US fighter-bombers include F-15Es from the 391st Fighter Squadron 
of the 366th Fighter Wing at Mountain Home, Idaho 

Control and 
Authorization 

Controlled by US Air Force personnel; use authorized by the US 
President; NATO Nuclear Planning Group's approval needed 
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Category Details 

Aircraft for 
European 
Missions 

F-16 (Belgium, Netherlands), PA-200 Tornado (Italy, Germany), 
upcoming transition to F-35A 

Modernization 
B61-12 with guided tail kit for increased accuracy, replacement of 
B61-3 and B61-4 by 2026; security upgrades at bases 

Security 
Concerns 

Concerns during the 2016 coup attempt in Turkey; ongoing 
infrastructure work at Turkish bases 

NATO Support 

Support of Nuclear Operations With Conventional Air Tactics 
(SNOWCAT); participation in Steadfast Noon exercise; upgrades in 
command and control, security at bases 

Disclosure and 
Funding 

No conflicts of interest reported; funded by several foundations 
including John D. and Catherine T. MacArthur Foundation, 
Ploughshares Fund, etc. 

Contributors 
Hans M. Kristensen (Director of the Nuclear Information Project, 
FAS), Matt Korda (Senior Research Associate, FAS) 

This table encompasses all the relevant data about the B61 bombs, including 
deployment details, control mechanisms, security concerns, modernization efforts, and 
the personnel involved in reporting and researching these weapons. If you need any more 
specific information or additional data representation, feel free to ask! 
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Modernization of Russia's Nuclear Arsenal: An In-Depth 
Analysis of Current Capabilities and Strategic Intentions 
Russia's strategic endeavors to upgrade its nuclear capabilities have been a cornerstone 
of its defense policy for decades. As of December 2023, Russian Defence Minister Sergei 
Shoigu reported a significant milestone in these efforts, stating that modern weapons 
and equipment now constitute 95 percent of Russia's nuclear triad. This marked an 
increase of 3.7 percent from the previous year, reflecting persistent progress in this 
critical area (Russian Federation, 2023b). However, the accuracy of these modernization 
percentages carries inherent uncertainties due to opaque methodologies employed by 
Russia in these assessments. 

Table . Russian nuclear forces, 2024. 
Type/NATO 
designation 

Russian 
designation 

Launcher
s 

Year 
deployed 

Warhead
s x yield 
(kilotons) 

Total 
warheads
a 

Strategic offensive 
weapons 

     

ICBMs 
     

SS-18 M6 Satan RS20V 
(Voevoda) 

34b 1988 10 × 
500/800 
(MIRV) 

340c 

SS-19 M4 ? (Avangard) 10 2019 1 × HGV 10 
SS-27 Mod 1 
(mobile) 

RS-12M1 
(Topol-M) 

18 2006 1 × 800? 18 

SS-27 Mod 1 (silo) RS-12M2 
(Topol-M) 

60 1997 1 × 800 60 

SS-27 Mod 2 
(mobile) 

RS-24 (Yars) 180 2010 4 × 100? 
(MIRV) 

720d 

SS-27 Mod 2 (silo) RS-24 (Yars)e 24 2014 4 × 100? 
(MIRV) 

96 

SS-29 (silo) RS-28 
(Sarmat) 

– -2024 10 × 500? 
(MIRV) 

– 

? ? (Sirena-M) 3 2022 Comman
d 

– 
 

329f and control module 
Subtotal 1244g 
SLBMs 

  

SS-N-23 M2/3 RSM-54 
(Sineva/Layne
r) 

mag-80 2007 4 × 100 
(MIRV)h 

320i 
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SS-N-32 RSM-56 
(Bulava) 

7/112 2014 6 × 100 
(MIRV) 

672j 

Subtotal 
 

12/192k 
  

992l 
Bombers/weapon
s 

     

Bear-H6/16 Tu-
95MS/MSMm 

52 1984/201
5 

6–14 × AS-
15A 
ALCMs 

430n 

    
and/or 
AS-23B 
ALCMs 

 

Blackjack Tu-160/M 15 1987/202
1 

12 × AS-
15B 
ALCMs or 
AS-23B 
ALCMs, 
[Kh-BD], 
bombs 

156o 

Subtotal 67p 
  

586q 
Subtotal strategic 
offensive forces 

588r 
  

2822s 

Nonstrategic and 
defensive 
weapons 

    

Naval 
    

Submarines/surfac
e ships/air 

  
LACMs, 
SLCMs, 
ASWs, 

784 

   
SAMs, 
DBs, 
torpedoe
s 

 

Land-based air 
    

Bombers/fighters 
(Tu-
22M3(M3M)/Su-
24M/Su-34/ 

289 1974–
2018 

ASMs, 
ALBMs, 
bombs 

334 

MiG-31K) 
    

ABM/Air/Coastal 
defense 

    

S-300/S-400 (SA-
20/SA-21) 

750 1992/200
7 

1 × low 250 

53T6 Gazelle 68 1986 1 × 10 68t 
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SSC-1B Sepal 
(Redut) 

8u 1973 1 × 350 4 

SSC-5 Stooge (SS-
N-26) (K-
300P/3M55) 

56 2015 (1 × 10)v 23 

Ground-based 
     

SS-26 Stone SSM 
(9K720, Iskander-
M), 

150 2005 1 × 10–
100 

75w 

SSC-7 Southpaw 
GLCM (R-
500/9M728, 
Iskander-M)x 

     

SSC-8 Screwdriver 
GLCM (9M729)y 

20 2017z 1 × 10–
100 

20 

Subtotal 
nonstrategic and 
defensive forces 

   
1,558aa 

TOTAL 
   

4380 
Deployed 

   
1710 

Reserve 
   

2670 
Retired warheads 
awaiting 
dismantlement 

   
1200 

Total inventory       5580 
Abbreviations used: ABM = antiballistic missile; ALCM = air-launched cruise missile; AS = air-to-surface; ASM = air-to-surface missile; ASW = 

antisubmarine weapon; DB = depth bomb; GLCM = ground-launched cruise missile; ICBM = intercontinental ballistic missile; LACM = Land-
Attack Cruise Missile; MIRV = multiple independently targetable reentry vehicle; SAM = surface-to-air missile; SLBM = submarine-launched 
ballistic missile; SLCM = sea-launched cruise missile; SRAM = short-range attack missile; SSM = surface-to-surface missile. 

aAll warhead numbers come with significant uncertainty because of the limited transparency of Russian nuclear-capable forces. The numbers 
for nonstrategic nuclear weapons in particular are highly uncertain. 

bIt is possible that a third SS-18 regiment at Dombarovsky (175th) is also active, in which case there would be 40 SS-18s. 

cIt is estimated that the SS-18s now carry only five warheads each to meet the New START limit for deployed strategic warheads. 

dIt is estimated that the SS-27 Mod 2s carry only three warheads each to meet the New START limit on deployed strategic warheads. 

eIt appears that there are multiple variants of the Yars system: One is reportedly equipped with “light warheads” and another (known as Yars-
S) is reportedly equipped with more powerful, medium-yield warheads for use against hardened targets. 

fAlthough they would presumably still be counted as launchers under New START, the Sirena-M systems at Yurya serve as back-up launch code 
transmitters and do not carry nuclear warheads. Therefore, the total number of nuclear-armed ICBMs is 326. 

gThrough analysis of satellite imagery, New START data, and statements from high-ranking Russian generals, we estimate that only about 
872 of these warheads are deployed; the rest are in storage for potential loading. 

hThe current version of the RSM-54 SLBM might be the Layner (SS-N-23 M3), a variant of the previous version—the Sineva (SS-N-23 M2). However, 
the US Air Force’s National Air and Space Intelligence Center (NASIC) did not include the Layner in its 2020 report on ballistic and cruise 
missile threats, and there is some uncertainty regarding its status and capability. In 2006 US intelligence estimated that the missile could 
carry up to 10 warheads, but it lowered the estimate to 4 in 2009. The average number of warheads carried on each missile has probably 
been limited to 4 multiple independently targetable reentry vehicles (MIRVs) to meet the New START limits. 

iAt any given time, only 256 of these warheads are deployed on four operational Delta IV submarines, with the fifth boat in overhaul. Sometimes 
two boats are out for maintenance. 

jIt is possible that Bulava SLBMs now carry only four warheads each for Russia to meet the New START limit on deployed strategic warheads. 
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kThe first figure is the number of operational SSBNs; the second is the total number of missiles (launchers) on the SSBNs. Note that several 
SSBNs may be in overhaul at any given time. 

lAt any given time, one or two SSBNs are in overhaul and do not carry nuclear weapons, so not all 992 warheads are deployed—perhaps only 
around 640. 

mThe START Treaty distinguished between the Tu-95MS6 and Tu-95MS16 variants, of which the MS6 could carry six ALCMs internally 
and the MS16 an additional 10 on wing pylons for a total of 16. However, it is unclear whether the MS16 configuration is still used or 
whether the external pylons were removed, which would effectively turn them back into Tu-95MS6 variants. The current MSM upgrade adds 
four pylons with a capability to carry eight Kh-101/ 102 cruise missiles plus, potentially, six Kh-55 missiles internally. 

nThis number assumes that approximately 20 of the Tu-95s have been modernized, therefore enabling them to carry up to 280 warheads, 
whereas 25 legacy Tu-95MS6 versions can carry up to 150 warheads. It also assumes that seven aircraft are out either for maintenance or 
modernization. 

oThis number assumes that two Tu-160 aircraft are out either for maintenance or modernization; the remaining 13 can carry up to 156 warheads. 

pOnly about 58 of the bombers are thought to be deployed. 

qThe total bomber force can theoretically carry more than 650 nuclear weapons, but weapons are probably only assigned to deployed bombers 
for a total of 586 weapons. Bomber weapons are not deployed on the aircraft under normal circumstances, but we estimate a couple 
hundred weapons are present at bomber bases, with the remainder in off-base central storage. 

rThis number of total fielded strategic launchers is higher than those listed in the New START aggregate data as of September 1, 2022, the last 
aggregate data Russian shared, because some bombers are not counted as deployed. This is the total number of operational launchers 
(ICBMs, SLBMs, and bombers) in service. Russia also has more than 250 non-deployed launchers, many of which are mothballed or in 
the process of being dismantled. 

sOnly about 1,710 of these warheads are estimated to be deployed on missiles and at bomber bases. New START counts fewer deployed warheads 
because it does not count weapons in storage and because at any given time, some SSBNs are not fully loaded. 

tWe estimate that the warheads for the remaining Gazelle interceptors are kept in central storage under normal circumstances. All previous 32 
Gorgon missiles have been retired. 

uIt is assumed that all SSC-1B units, except a single silo-based version in Crimea, have been replaced by the K-
300P by now. vThe US National Air and Space Intelligence Center lists the ground-, sea-, and sub-launched 
3M55 as “nuclear possible.” wThis estimate includes warheads for both SS-26 and SSC-7. 

xThe US National Air and Space Intelligence Center lists the R-500/9M728 as “Conventional, Nuclear Possible.” 

yIt is possible that SSC-8 launchers are co-located with some of the Iskander brigades. 

zThis figure assumes five SSC-8 battalions, each of which is equipped with four launchers. Since each launcher appears to be equipped to carry 
four missiles, this would indicate a total of 80 missiles per battalion (possibly 160 if each battalion has one reload missile). However, it is 
assumed that each launcher is only assigned one nuclear warhead on average (with the rest being equipped with conventional warheads), 
for a total of 20 warheads across five battalions. 

aaRussia’s nonstrategic nuclear weapons are believed to be in storage and are not collocated with their launchers, and therefore are not 
formally counted as “deployed” in this Nuclear Notebook; however, many regional storage sites are located relatively close to their launcher 
garrisons and in practice warheads could be transferred to their launch units on short notice. 
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Current Status of Russia’s Nuclear Forces 
As the world stepped into early 2024, it was estimated that Russia maintained a robust 
arsenal of approximately 4,380 nuclear warheads. These warheads are designated for 
use across both long-range strategic launchers and shorter-range tactical nuclear forces. 
This figure represents a net decrease of around 109 warheads compared to the previous 
year, primarily attributed to revised estimates concerning non-strategic nuclear forces. 

In detail, the operational deployment of these warheads includes about 870 on land-
based ballistic missiles, approximately 640 on submarine-launched ballistic missiles, 
and potentially 200 stationed at heavy bomber bases. In addition to these deployed 
strategic warheads, around 1,112 are held in storage along with about 1,558 non-
strategic warheads. Furthermore, there are about 1,200 retired but still largely intact 
warheads awaiting dismantlement, bringing the total inventory to approximately 5,580 
warheads. 

Motivations Behind Nuclear Modernization 
The impetus behind Russia's extensive nuclear modernization can be largely attributed 
to several strategic objectives. Primarily, the Kremlin is driven by the desire to maintain 
overall parity with the United States and to preserve national prestige. Additionally, these 
efforts are seen as compensatory measures for Russia's relatively inferior conventional 
forces. 

There is also a prevailing belief among Russian leadership that the United States' ballistic 
missile defense system poses a significant future threat to the credibility of Russia's 
retaliatory capabilities. This perception fuels further investment into the nuclear program 
as a critical component of national defense strategy. 

Impact of the Ukrainian Conflict 
The ongoing conflict in Ukraine has exposed several vulnerabilities in Russia's 
conventional military capabilities, leading to significant losses and depletion of its 
weapons stockpiles. This situation has arguably increased Russia's dependency on its 
nuclear arsenal for national defense. During the conflict, Russia has employed a variety 
of long-range dual-capable precision weapons. These include the Kh-101 air-launched 
cruise missiles (with its nuclear variant Kh-102), sea-launched 3M–54 Kalibr cruise 
missiles, 9-A-7760 Kinzhal ballistic missiles, air-launched Kh-22 (AS-4 Kitchen) cruise 
missiles, and ground-launched Iskander missiles (Interfax, 2022a; 2022b; Reuters, 
2023b). 
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Moreover, intelligence reports from the United Kingdom Ministry of Defence have 
identified that Russia has also used de-nuclearized Kh-55 (AS-15 Kent) cruise missiles in 
the Ukrainian theater (United Kingdom Ministry of Defence, 2022; 2023). 

International Reactions and Debates 
The aggressive nature of Russia's nuclear modernization, combined with its explicit 
nuclear threats in the context of the Ukrainian war, has spurred a growing international 
debate regarding the intentions behind Russia's nuclear strategy. These developments 
have led to increased defense expenditures, further nuclear modernization initiatives, 
and heightened political resistance against further nuclear arms reductions in both 
Europe and the United States. 
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Navigating the Tides of Arms Control: Russia's New 
START Treaty Suspensions and Strategic Implications 
In a significant development on the global security front, Russian President Vladimir Putin 
announced on February 21, 2023, that Russia would "suspend" its participation in the 
New Strategic Arms Reduction Treaty (New START). This treaty, a pivotal element of post-
Cold War nuclear arms control, sets caps on the number of strategic warheads and 
launchers deployable by Russia and the United States. Putin clarified that Russia was not 
withdrawing from the treaty but suspending its participation, citing the need to reassess 
the strategic arms contributions of NATO countries like France and Great Britain. 

Context and Implications of the Suspension 
Putin's announcement does not equate to a withdrawal but poses significant 
implications for global strategic stability. The decision underscores a broader Russian 
strategy possibly aimed at renegotiating the terms of international arms control 
frameworks, particularly in the context of NATO's expanded capabilities and perceived 
threats against Russia. Moreover, this move signals a pivot in Russia's strategic posture, 
reflecting both domestic and international pressures and aligning with its broader 
geopolitical objectives. 

The State of New START Compliance 
Despite the suspension, Putin assured that Russia would remain below the treaty's 
stringent limits on nuclear arsenals. Historically, New START has been instrumental in 
maintaining a check on the nuclear capabilities of its signatories, fostering a measure of 
predictability and transparency through mechanisms like on-site inspections and data 
exchanges. By the latest counts before the suspension, Russia reported having 1,549 
deployed warheads and 540 strategic launchers as of September 1, 2022, according to 
the U.S. Department of State (2022c). 

Operational Realities and Strategic Reserves 
The figures reported under New START often do not capture the complete picture of 
Russia's nuclear capabilities. Notably, Russian bombers, counted under these treaties 
as one warhead per deployed bomber, typically do not carry nuclear payloads under 
normal circumstances. Instead, Russia maintains a strategic reserve of non-deployed 
warheads that could be rapidly mobilized and mounted on bombers and other delivery 
systems in times of heightened threat. 
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Challenges of Verification and Transparency 
The efficacy of New START has been somewhat undermined by challenges in its 
implementation. Since April 2020, no on-site inspections have been conducted—initially 
halted due to the COVID-19 pandemic and subsequently by Russia's refusal to permit 
U.S. inspections. This has significantly reduced the transparency that was a hallmark of 
the treaty, complicating the verification of compliance and contributing to rising mistrust 
between the signatories. 

Theoretical Breaches and Rapid Deployment Capabilities 
Should Russia choose to breach the treaty limits, it possesses the theoretical capacity to 
significantly augment its deployed nuclear arsenal. This could be achieved by uploading 
hundreds of warheads onto its bombers, submarines, and ICBMs—a process that varies 
in time depending on the delivery system. For instance, bombers could be armed within 
hours or days, while submarines and ICBMs might require months or even years to be 
fully equipped with additional warheads. 

Legal and Diplomatic Nuances of Compliance 
The terms of New START differentiate between "noncompliance" (an informal 
assessment potentially rectifiable), "violation" (necessitating a formal declaration), and 
"material breach" (a severe violation undermining the treaty's objectives). Following 
Russia's actions, the U.S. Department of State, in January 2023, labeled Russia as being 
in a state of "noncompliance" with certain treaty clauses due to its refusal to allow 
inspections and to convene the bilateral consultative commission—key components of 
the treaty's implementation framework. 

U.S. Assessment and Future Uncertainties 
Interestingly, the United States has not definitively concluded that Russia breached the 
New START limits throughout 2022. The U.S. acknowledges the difficulty in making 
precise assessments given the lack of inspections and potential for Russia to 
clandestinely exceed the limits. As time progresses, it may become increasingly 
challenging for the U.S. to determine Russia's adherence, potentially testing the limits of 
U.S. detection capabilities and political resolve to address or publicize any violations. 
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Russia’s Nuclear Strategy Amid the Ukrainian Conflict: 
An Analysis of Policy, Posture, and Implications 
In 2020, Russia updated its official nuclear deterrence policy through an executive order 
that outlined the specific conditions under which the nation could launch nuclear 
weapons. This policy, as detailed by the Russian Federation's Foreign Affairs Ministry, 
delineates four scenarios prompting such extreme measures: 

• Receipt of reliable data concerning the launch of ballistic missiles targeting the 
Russian Federation or its allies. 

• Use of nuclear or other weapons of mass destruction against the Russian 
Federation or its allies. 

• An attack on critical governmental or military sites of the Russian Federation that 
would undermine the capacity of its nuclear forces to respond. 

• An aggression using conventional weapons that threatens the very existence of 
the Russian state. 

This delineation of nuclear use policy is intended to clarify the thresholds and 
conditions under which Russia would consider deploying its nuclear arsenal, amidst 
growing international scrutiny and concerns about its strategic intentions. 

Historical Consistency and Strategic Evolution 
Despite narratives suggesting a potential shift towards a first-use nuclear strategy, 
Russia’s official policy has remained consistent with previous iterations since President 
Vladimir Putin assumed power in 2000. This was notably reaffirmed during the annual 
meeting of the Valdai Discussion Club in October 2018, where Putin explicitly stated 
that Russia's nuclear weapons doctrine does not envisage a preemptive strike. Instead, 
it relies on a reciprocal counter-strike approach, wherein nuclear weapons would be 
used only if there is certainty that an aggressor is attacking Russia or its territories. 

Controversies and Clarifications in International Perceptions 
Initial interpretations of Putin’s 2018 remarks at the Valdai Club suggested a potential 
shift towards a nuclear no-first-use policy. However, these interpretations were more 
likely in response to the 2018 US Nuclear Posture Review, which claimed that Russia 
had lowered its threshold for the first use of nuclear weapons in a conflict. This 
assumption was later recalibrated by the Biden administration in its 2022 Nuclear 
Posture Review, which avoided direct mention of an "escalate-to-deescalate" policy, 
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instead highlighting Russia's diversification of its nuclear arsenal and its use as a 
strategic shield in aggressive actions against its neighbors. 

Nuclear Doctrine and the War in Ukraine 
The ongoing war in Ukraine has brought Russia’s nuclear strategy into sharp focus, 
raising questions about the circumstances under which Russia might employ nuclear 
weapons. Particularly, there is ambiguity regarding the geographical scope of the 
"Russian state" as referenced in its nuclear doctrine. It is unclear whether this extends 
to territories like Crimea and Donbas, which Russia has annexed or occupied in 
violation of international law. The potential for nuclear weapon use in these areas 
remains a topic of intense debate and concern. 

Statements from Russian Officials 
Throughout the conflict, various Russian officials have issued statements that shed light 
on Russia’s nuclear posture. In January 2023, Dmitry Medvedev, former Russian 
President and current deputy chairman of the Russian Security Council, suggested that 
the defeat of a nuclear power in a conventional war could potentially trigger a nuclear 
response. This statement appears to extend beyond the official doctrine, potentially as 
a strategic move to deter Western military support for Ukraine. Conversely, in November 
2022, Alexander Shevchenko, a member of the Russian delegation to the UN General 
Assembly, emphasized that Russia's nuclear doctrine remains defensive and 
unchanged despite the conflict in Ukraine. 

Decision-making in the Russian Nuclear Command 
The authority to launch nuclear weapons in Russia is highly centralized. It is believed that 
only three individuals, including President Putin, Defense Minister Sergei Shoigu, and 
Chief of General Staff Valery Gerasimov, have access to the so-called nuclear briefcases. 
An order from Putin must be countersigned by one of these two officials before any 
nuclear weapons can be launched, ensuring a tight control over such critical decisions. 

Strategic Ambiguity as a Deterrent 
There is strategic utility in maintaining ambiguity regarding the exact conditions under 
which Russia would employ nuclear weapons. This ambiguity serves as a deterrent, 
discouraging NATO and the United States from escalating their military involvement in 
Ukraine. By not explicitly stating all conditions or scenarios, Russia retains flexibility in its 
strategic posture, which could be crucial in times of heightened tensions or during 
negotiations. 
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Escalating Nuclear Tensions: Russia's Strategic Shifts 
and the Implications of Nuclear Testing and Deployment 
in Belarus 
In a significant departure from international norms, November 2023 marked a pivotal 
moment in global security dynamics as Russian President Vladimir Putin signed a bill that 
officially withdrew Russia from the Comprehensive Nuclear Test Ban Treaty (CTBT). This 
treaty, a cornerstone of nuclear disarmament efforts since its inception, prohibits all 
nuclear explosions, whether for military or civilian purposes. The withdrawal has sparked 
concerns about a potential resurgence of nuclear testing by Russia, particularly given the 
heightened activity observed at its erstwhile nuclear testing ground in Novaya Zemlya. 

Recent satellite imagery has revealed notable developments at the Novaya Zemlya site, 
including the presence of large trucks, construction cranes, shipping containers, and the 
expansion of administrative and residential facilities. Such activities suggest a 
preparatory phase for something significant, potentially pointing towards the 
infrastructure needed for nuclear testing. Despite these alarming signs, Russian officials 
maintain a conditional stance on nuclear testing, stating it would only resume if the 
United States, under the current Biden administration, decides to undertake similar 
actions—a scenario deemed highly unlikely by global observers and analysts (Arms 
Control Association 2023; Isachenkov 2023; Osborn 2023). 

Parallel to the developments in Novaya Zemlya, a new chapter in nuclear geopolitics is 
unfolding in Belarus. In March 2023, President Putin announced plans to construct a 
special storage facility for tactical nuclear weapons on Belarusian soil by July 1 of the 
same year. This move, which has been ambiguous about whether it involves the actual 
deployment of nuclear warheads or merely the development of the necessary 
infrastructure, has significantly escalated tensions in the region. 

This strategy of nuclear sharing was further elaborated by the transfer of dual-capable, 
road-mobile short-range Iskander (SS-26) missile launchers to Belarus, along with the 
reequipment of 10 Belarusian Su-25 aircraft to carry nuclear weapons. The designated 
Belarusian brigade base for the Iskander launchers is thought to be near Asipovichy, 
characterized by a double-fenced security perimeter around a weapons depot—a typical 
feature of Russian nuclear storage areas. Additionally, Lida Air Base, merely 40 kilometers 
from the Lithuanian border, has been identified as the likely hub for the newly nuclear-
capable Belarusian Air Force wing (Kristensen and Korda 2023). 

Further solidifying these developments, the Russian Ministry of Defence announced in 
April 2023 that Belarusian personnel had completed training on the maintenance and 
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operation of special tactical warheads for the Iskander-M missile system. By June 2023, 
the first batch of nuclear weapons reportedly arrived in Belarus, with assurances of more 
to follow. This progression was corroborated by reports from a group monitoring the 
Belarusian railway industry, which outlined the transportation of nuclear weapons and 
related equipment to Belarus in two batches—one in June and another scheduled for 
November. These shipments, originating from stations hundreds of kilometers away from 
known Russian nuclear storage sites, suggest a strategic obfuscation of the origins and 
components of the nuclear payloads (Moon 2023). 

By late 2023, Belarus had not only received these shipments but had also updated its 
military doctrine to emphasize nuclear weapons as a crucial element of its strategy to 
deter potential aggressors. This doctrinal shift, along with the infrastructural 
developments and the active participation of Belarusian military personnel in nuclear 
operations, marks a significant escalation in nuclear posturing by Russia and Belarus. 

Despite the overt preparations and logistical undertakings, several critical uncertainties 
remain. For instance, the timeline announced by Putin and Belarusian President 
Alexander Lukashenko for establishing nuclear storage facilities in Belarus was 
ambitiously short, raising questions about the feasibility of such rapid construction given 
the complex requirements for nuclear storage and security. Additionally, the need for 
substantial Russian personnel deployment, including experts from the 12th GUMO (the 
department within Russia's Ministry of Defence responsible for nuclear weapon 
maintenance and transportation), suggests a significant Russian military footprint in 
Belarus. This deployment would necessitate extensive infrastructure, potentially visible 
via satellite imagery, to support these personnel—infrastructure that, so far, has not been 
conclusively documented. 
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The Evolution and Modernization of Russia's 
Intercontinental Ballistic Missiles: A Detailed Analysis 
Russia's strategic missile capabilities have long been a cornerstone of its national 
defense and a significant component of the global balance of power. This analysis delves 
into the current state and ongoing evolution of Russia's Intercontinental Ballistic Missile 
(ICBM) forces, encompassing both silo-based and mobile launch platforms. We provide 
a comprehensive overview of these strategic systems, examining their deployment, 
operational status, and modernization efforts. 

  



 

  
COPYRIGHT DEBUGLIESINTEL.COM UPDATE : 12/2024 – VER. 1.1 

 

99 2024 – Nuclear Dilemma 

Table . Estimated status of Russian ICBM forces, 2024. 
     

Locations Division
s 

Regiments 
(Coordinates) 

Launchers* Status 

Barnaul 35th MD 307th307th MR 
(53.3128, 84.5080 

9 SS-27 Mod 2 
TEL 

Active 
  

479th GMR 
(53.7709, 83.9580) 

9 SS-27 Mod 2 
TEL 

Active 
  

480th MR (53.3054, 
84.1459) 

9 SS-27 Mod 2 
TEL 

Active 
  

867th GMR 
(53.2255, 84.6706) 

(6 SS-18 silos)  Active 

Dombarovsky 13th MD (175th MR 
(51.2710, 60.2979))  

(6 SS-19 Mod 4 
silos) 

(Uncertain)b  
  

368th MR (51.0934, 
59.8446)  

6 SS-18 silos Upgrading; some 
silos loadedc   

494th MR (51.0628, 
60.2119) 

6 SS-18 silos Active 
  

767th MR (51.2411, 
60.6069) 

6 SS-19 Mod 4 
silos 

Active 
  

621st MR (51.0618, 
59.6081) 

9 SS-27 Mod 2 
TEL 

Active 

Irkutsk 29th 
GMDd 

92nd GMR 
(52.5085, 
104.3933) 

9 SS-27 Mod 2 
TEL 

Active 

  
344th GMR 
(52.6694, 
104.5199) 

9 SS-27 Mod 2 
TEL 

Active 

Kozelsk 28th 
GMD 

 74th MR (53.7982, 
35.8039) 

10 SS-27 Mod 2 
silos 

Active 
  

168th MR (54.0278, 
35.4589) 

10 SS-27 Mod 2 
silos 

Active 
  

214th MR (53.7641, 
35.4866) 

10 SS-27 Mod 2 
silos 

Upgrading; 4 
silos loaded 

Novosibirsk 39th 
GMD 

357th GMR 
(55.3270, 82.9417) 

9 SS-27 Mod 2 
TEL 

Active 
  

382nd GMR 
(55.3181, 83.1676 

9 SS-27 Mod 2 
TEL 

Active 
  

428th GMR 
(55.3134, 83.0291) 

9 SS-27 Mod 2 
TEL 

Active 

Nizhny Tagil 42nd 
MD 

308th MR (58.2298, 
60.6773) 

9 SS-27 Mod 2 
TEL 

Active 
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433rd MR (58.1015, 
60.3592) 

9 SS-27 Mod 2 
TEL 

Active 
  

804th MR (58.1372, 
60.5366) 

9 SS-27 Mod 2 
TEL 

Active 

Tatishchevo 60th MD 31st MR (51.8792, 
45.3368) 

10 SS-27 Mod 1 
silos 

Active 
  

104th MR (51.6108, 
45.4970) 

10 SS-27 Mod 1 
silos 

Active 
  

122nd MR 
(52.1589, 45.6404) 

10 SS-27 Mod 1 
silos 

Active 
  

165th MR (51.8062, 
45.6550) 

10 SS-27 Mod 1 
silos 

Active 
  

322nd MR 
(52.0449, 45.4458 

10 SS-27 Mod 1 
silos 

Active 
  

626th MR (51.7146, 
45.2278) 

10 SS-27 Mod 1 
silos 

Active 

Teykovo 54th 
GMD 

235th GMR 
(56.7041, 40.4403) 

9 SS-27 Mod 1 
TEL 

Active 
  

285th GMR 
(56.8091, 40.1710) 

9 SS-27 Mod 1 
TEL 

Active 
  

321st MR (56.9324, 
40.5440) 

9 SS-27 Mod 1 
TEL 

Active 
  

773rd MR (56.9167, 
40.3087) 

9 SS-27 Mod 1 
TEL 

Active 

Uzhure 62nd 
MD 

229th MR (55.2453, 
89.9194) 

6 SS-18 silos Active 
  

269th MR (55.2077, 
90.2526) 

6 SS-18 silos Active 
  

302nd MR 
(55.1147, 89.6311) 

(6 SS-29 silos) Upgrading; 4 
silos completed?   

735th MR (55.2720, 
89.5783) 

10 SS-18 silos Active 

Vypolsovo 7th GMD 41st MR (57.8620, 
33.6500) 

9 SS-27 Mod 2 
TEL 

Active 
  

510th GMR 
(57.7889, 33.8660) 

9 SS-27 Mod 2 
TEL 

Active 

Yoshkar-Ola 14th MD 290th MR (56.8328, 
48.2370)g 

9 SS-27 Mod 2 
TEL 

Active 
  

697th MR (56.5601, 
48.2144) 

9 SS-27 Mod 2 
TEL 

Active 
  

779th MR (56.5821, 
48.1550)h 

9 SS-27 Mod 2 
TEL 

Active 
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11 Nuclear 
ICBM 
Divisions 

 
39 regiments 326 ICBMsi 

 

Yurya 
 

76th MR (59.21946, 
49.4256) 

3 Sirena-M/SS-
27 Mod 2 TELj 

Active; non-
nuclear 

12 Total ICBM 
Divisions 

 
40 regiments 329 ICBMs 

 

Abbreviations used: GMD = Guards Missile Division; GMR = Guards Missile Regiment; MD = Missile Division; MR = Missile Regiment; TEL = 
Transporter Erector Launcher; () = currently being upgraded. 

*Uses US/NATO missile designations. SS-18 (RS-20V ), SS-19 (RS-18), SS-25 (Topol), SS-27 Mod 1 (Topol-M), SS-27 Mod 2 (RS-24 Yars), SS-29 (RS-28 
Sarmat). 

aIt appears that there are multiple variants of the Yars system: one of which (known as Yars-S) is reportedly equipped with more 
powerful, medium-yield warheads for use against hardened targets, and another (known as Yars-M) is equipped with more capable 

penetration aids to circumvent missile defenses. bIt is possible that the 175th Missile Regiment (51.2708° N, 60.2992° E) is also active, but it is 
not currently thought to be armed. Given that 46 Sarmat ICBMs will 

ultimately be deployed, the 175th Missile Regiment may be one of the regiments that will be rearmed with Sarmat. 

cThe first full regiment with six silos was completed in late-2021, and the second regiment with six silos was reportedly completed in December 
2023, although significant construction activities are still visible. We estimate that four of the six silos at the 368th regiment are armed. 

dA new SS-27 Mod 2 garrison for the 29th GMD is being built at location 52.528319° N, 104.577737° E; However, it is unclear which of the 
existing three regiments will ultimately move there upon completion. 

eThe 62nd MD at Uzhur is scheduled to receive the SS-29 (Sarmat) in the near future, although there have been significant delays. Some former 
SS-18 silos will also be converted to the SS-19 Mod 4 (Avangard). 

fThis was the last brigade equipped with the SS-25 Topol. Russian officials have said upgrade to the SS-27 Mod 2 is complete, although 
full operational capability may be achieved during 2024. 

gIt is possible that the 290th regiment will move south to the nearly completed new garrison (56.5658° N, 48.4515° E) that is closer to the supply 
base and other garrisons of the same division. 

hThe 779 MR garrison is being rebuilt. Until completion, the launchers and support vehicles are temporarily based near the supply base (56.5587° 
N, 48.0558° E). 

iUpgrading regiments sometimes go on experimental combat alert with only a few launchers ready. 

jA 12th division at Yurya has recently upgraded to the Sirena-M system, which is based on the SS-27 Mod 2. It does not carry warheads but serves 
as a back-up ICBM launch code transmitter. 
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Current Deployment and Capabilities 
Russia’s Strategic Rocket Forces are responsible for the operation of the country's ICBM 
arsenal, which includes several variants of both silo-based and mobile ICBMs. Among 
the silo-based ICBMs are the RS-20V Voevoda (SS-18), RS-12M2 Topol-M (SS-27 Mod 1), 
RS-24 Yars (SS-27 Mod 2), and the Avangard (SS-19 Mod 4). In the realm of mobile ICBMs, 
the forces deploy the RS-12M1 Topol-M (SS-27 Mod 1) and RS-24 Yars (SS-27 Mod 2). 
Notably, the Topol (SS-25) missile has been phased out of active service. 

Combining satellite imagery analysis with information from official Russian statements 
and data exchanges under the New Strategic Arms Reduction Treaty (New START), it is 
estimated that Russia possesses around 326 nuclear-armed ICBMs. These missiles are 
collectively capable of delivering approximately 1,246 nuclear warheads, representing a 
significant portion of Russia's strategic nuclear deterrent (see Table 1). 

Modernization Initiatives 
Russia has been actively modernizing its ICBM forces, which includes equipping 
upgraded silos with new air- and perimeter-defense systems. Noteworthy in this 
modernization effort is the deployment of the new Peresvet laser system. Integrated with 
at least five road-mobile ICBM divisions, Peresvet's role is speculated to involve 
countermeasures against surveillance efforts, possibly by blinding spy satellites during 
missile maneuver operations (Hendrickx 2020; Russian Federation Defence Ministry 
2019). 

The organizational structure of the Strategic Rocket Forces includes three missile armies, 
comprising a total of 12 divisions with approximately 40 missile regiments. Notably, the 
missile division at Yurya operates the Sirena-M system, which is based on the SS-27 Mod 
2 ICBM. The Sirena-M, believed to serve primarily as a backup launch code transmitter, 
is not armed with nuclear warheads. This system has recently replaced the older Sirena 
command module, reflecting ongoing updates within the force's command and control 
infrastructure. 

Over the past three decades, the number of ICBMs in the Russian arsenal has been 
declining, part of a broader strategy to replace Soviet-era missiles with newer models on 
a less-than-one-for-one basis. According to Russian defense publications, the 
modernization program is approximately 88 percent complete (Krasnaya Zvezda 2023). 

The Phase-Out of Legacy Systems and Introduction of New 
Technology 
The RS-20V Voevoda (SS-18), a heavy ICBM capable of carrying up to 10 warheads, was 
first deployed in 1988 and is now nearing the end of its operational life. Approximately 34 
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of these missiles remain active within the 13th Missile Division at Dombarovsky and the 
62nd Missile Division at Uzhur. As part of compliance with New START treaty limits, the 
number of warheads on each RS-20V has been reduced. The formal retirement of this 
missile model began in 2021 to make way for the introduction of the RS-28 Sarmat (SS-
29) at the Uzhur missile field. This transition has involved significant upgrades to the 
regiment’s silos and launch control centers, as evidenced by commercial satellite 
imagery. 

The RS-28 Sarmat represents the next generation of Russian ICBMs, expected to enhance 
the strategic capabilities of the Russian missile forces significantly. This new missile is 
designed to carry multiple independently targetable reentry vehicles (MIRVs) and boasts 
advanced countermeasures to evade missile defense systems. 

Hypersonic Transition and Rearmament Efforts 
The silo-based RS-18 (SS-19) ICBM, initially introduced in 1980, underwent significant 
modifications, transitioning into the SS-19 Mod 4 equipped with the cutting-edge 
Avangard hypersonic glide vehicle. While the RS-18 was previously retired from active 
combat roles, a select number of these missiles have been converted and are now 
deployed within two regiments of the 13th Missile Division at Dombarovsky. The first 
regiment, the 621st, completed its rearmament in December 2021, followed by the 368th 
regiment in December 2023. Despite these updates, substantial construction efforts are 
still underway, indicating that the regiments may not have yet achieved full operational 
capability. Ultimately, the SS-19 Mod 4 is slated to be replaced by the newer SS-29 
Sarmat, marking a transition towards even more advanced missile technology (see Figure 
1). 

Modernization of Topol-M Units 
The RS-12M1 and RS-12M2 Topol-M, also known under the NATO designation SS-27 Mod 
1, are single-warhead ICBMs available in both mobile (M1) and silo-based (M2) 
configurations. The full deployment of the SS-27 Mod 1 was completed in 2012, 
comprising 78 missiles—60 silo-based units with the 60th Missile Division in Tatishchevo 
and 18 road-mobile units with the 54th Guards Missile Division at Teykovo. Plans are 
underway to upgrade these Topol-M units to the RS-24 Yars configuration within the latter 
half of the decade, a transition that will significantly increase the warhead capacity of 
Russia's ICBM force by introducing multiple independently targetable reentry vehicles 
(MIRVs) (Krasnaya Zvezda 2023). 

Deployment and Diversification of RS-24 Yars 
The RS-24 Yars, a modified version of the SS-27 Mod 1, can accommodate up to four 
MIRVs. This missile system is available in several variants, with one reportedly equipped 
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with "light warheads" and another variant, known as Yars-S, outfitted with more potent, 
medium-yield warheads suitable for targeting hardened structures. By the end of 2023, 
approximately 204 mobile and silo-based Yars missiles had been deployed, as reported 
by Colonel General Sergei Karakaev. This includes the final mobile division—the 7th 
Missile Division at Vypolzovo—which completed its upgrade, signifying that Russia's 
entire strategic mobile force has transitioned to post-Soviet era missiles (Krasnaya 
Zvezda 2023). 

Despite the upgrades, some divisions are still grappling with logistical challenges, 
including inadequate garrison facilities to accommodate all the vehicles necessary for 
supporting the launchers. Consequently, some regiments have been relocated to 
temporary garrisons while construction on permanent or new bases continues. 

Infrastructure Enhancements and Security Upgrades 
In parallel with missile upgrades, significant improvements are being made to external 
security fences, internal roads, and support facilities across silo complexes. Each site is 
also being equipped with the new "Dym-2" perimeter defense system, which includes 
automated grenade launchers, small arms fire, and remote-controlled machine gun 
installations. Additionally, the Launch Control Centers, which oversee the operations of 
each missile regiment, are undergoing comprehensive upgrades (see Figure 2). 

Future Prospects: The Introduction of RS-28 Sarmat 
The next significant phase in the modernization of Russia's ICBM forces involves the 
replacement of the RS-20V Voevoda (SS-18) with the RS-28 Sarmat (SS-29). This 
transition also anticipates replacing the SS-19 Mod 4 with the Sarmat. Following several 
years of manufacturing and technical delays, primarily concerning the missile's 
command module, the first flight test of the Sarmat was conducted in April 2022. Despite 
plans for multiple test launches throughout 2022, only one additional test had reportedly 
occurred by the end of 2023, and it, according to US officials, likely ended in failure 
(Liebermann and Bertrand 2023). 

As Russia continues to modernize its strategic missile forces, the integration of advanced 
technologies such as hypersonic glide vehicles and the deployment of more versatile 
missile systems like the RS-24 Yars and RS-28 Sarmat are pivotal in maintaining the 
strategic balance and deterrence capabilities at a global level. This ongoing evolution of 
the Russian ICBM arsenal not only signifies a commitment to enhancing military 
capabilities but also reflects the complex dynamics of international security and arms 
control in the modern era. 
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Advancing Towards Deployment Despite Testing Hurdles 
Despite challenges marked by insufficient numbers of successful tests, Russian officials 
have expressed confidence that the RS-28 Sarmat missile is nearing deployment 
readiness. In November 2022, the General Director of the Makeyev Rocket Design 
Bureau, which is responsible for designing the Sarmat, announced that the missile had 
entered serial production (Emelyanenkov 2022). Further affirmations came in October 
2023, when the Russian Ministry of Defence posted on Telegram about the "final stages" 
of construction and installation processes being underway at the initial launch facilities 
and associated command post (Russian Federation Defence Ministry 2023). In a follow-
up, TASS reported in November 2023 that the first regiment was already on "experimental 
combat duty," with plans to officially enter combat service in December 2023. However, 
Colonel General Karakaev later indicated that the introduction of the Sarmat to combat 
duty was not yet finalized, suggesting that more time was needed to complete the 
preparations (Krasnaya Zvezda 2023). 

Infrastructure Developments at Uzhur 
Satellite imagery has shown that while the first Sarmat regiment—the 302nd Missile 
Regiment at Uzhur—was officially gearing up to receive these new missiles since 2021, 
the necessary infrastructure upgrades were still incomplete. Significant construction 
was ongoing at the launch control center and associated silos (12C, 13C, 15C, and 17C), 
with less extensive upgrades at two other silos (16C and 18C). These two remaining silos 
are projected to undergo many months of extensive upgrades similar to those completed 
on other silos (Korda and Kristensen 2023b) (see Figure 3). Should the Sarmat replace all 
current SS-18s, it would occupy a total of 46 silos across three regiments at Dombarovsky 
and four regiments at Uzhur, totaling six regiments of six missiles each and one regiment 
of 10 missiles (Izvestia 2022). 

Naming and Capabilities of Sarmat 
The Sarmat missile has been colloquially termed the “Son of Satan” by some media 
outlets, a nod to its predecessor, the SS-18, known as “Satan.” This nickname reflects the 
formidable destructive capabilities attributed to these missiles. In November 2022, 
detailed imagery of the Sarmat's payload bus suggested that it could theoretically 
accommodate up to 14 warheads in two tiers of seven each (Kornev 2022). While the 
operational load is expected to mirror that of the SS-18 with up to 10 warheads, along with 
penetration aids, there is also speculation that a limited number of Sarmat ICBMs might 
be configured to carry Avangard hypersonic glide vehicles, already in deployment on 
some SS-19 Mod 4 boosters at Dombarovsky. 
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Extended Range and Testing Innovations 
The Sarmat is noted for its substantially longer range compared to other Russian ICBMs. 
Colonel General Karakaev has remarked that it could traverse over both the North and 
South Poles, enhancing its global strike capability (Lenta 2023). In 2023, an 
environmental study by a Russian company involved in the Sarmat's testing proposed 
that the missile could achieve ranges close to 15,000 kilometers, highlighting its potential 
to reach virtually any target across the globe (M51.4ever 2023a). Moreover, Russia is 
constructing a new missile testing facility at Severo-Yeniseysky, announced in December 
2020. This site is likely a strategic move to continue comprehensive missile testing within 
Russian territory, especially since Kazakhstan, the previous site for missile tests at Sary-
Shagan, has joined the Treaty on the Prohibition of Nuclear Weapons, which mandates 
the elimination or irreversible conversion of all nuclear-weapons-related facilities 
(United Nations 2017; M51.4ever 2023b). 

As Russia pushes forward with its strategic missile program, the development and 
eventual deployment of the Sarmat ICBM represent a significant enhancement of its 
nuclear deterrent capabilities. The ongoing infrastructure upgrades and strategic 
decisions surrounding missile testing locations underscore the complex interplay of 
technological advancement and geopolitical strategy inherent in modern strategic arms 
development. 

Advanced ICBM Programs and Hypersonic Capabilities 
Russia is in the preliminary phases of developing at least two new ICBM programs 
alongside various hypersonic glide vehicles, which could be mounted on modified ICBMs 
to enhance their capabilities. Despite the ambiguity surrounding the exact designations 
and capabilities of these systems, recent statements from Colonel General Sergei 
Karakaev have shed light on ongoing efforts. In December 2021, Karakaev announced the 
development of a new mobile ground-based missile system, which he later described in 
December 2022 as having "greater mobility" than the existing Yars system. By December 
2023, he highlighted this new system's emphasis on stealth features and suggested it 
could eventually replace the RS-24 Yars in the longer term (Krasnaya Zvezda 2021, 2022, 
2023). 

Specific Developments: Yars-M and Osina-RV 
The "Yars-M" ICBM, one of the systems in development, is reported to feature multiple 
warheads, each with individual propulsion systems arranged in a parallel staging 
configuration. This setup could potentially enhance the missile's survivability against 
missile defenses by allowing warheads to separate earlier in flight. Although sharing a 
launcher and first stage with the Yars and Yars-S, the Yars-M represents a significant 
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advancement in missile technology, though it is still several years away from full 
deployment (Kornev 2023a, 2023b). 

Another system under development, the "Osina-RV," is designed to be launched from 
both mobile and silo platforms. It is reportedly a modernized version of the Yars-M 
system. There were plans for flight tests throughout 2021 and 2022, but details on 
whether these tests were conducted remain unclear (M51.4ever 2023c; Ryabkov 2023). 

The Kedr Program 
Additionally, Russia is developing the "Kedr" ICBM system, which is expected to begin 
replacing the currently deployed Yars ICBMs in both mobile and silo configurations by 
2030. Notably, this system has been publicly acknowledged by the Commander of US 
Strategic Command in Congressional testimony in 2022, highlighting its significance in 
Russia's strategic arsenal (Richard 2022). 

Hypersonic Glide Vehicles 
Russia continues to explore the potential of hypersonic glide vehicles, similar to the 
deployment of the Avangard vehicle with the legacy SS-19 Mod 4 ICBM. Some vehicles, 
like the Gradient-RV and Anchar-RV, have been mentioned in Russian industry 
documents, but details about their capabilities remain highly secretive as of late 2023. 

The Burevestnik Program 
In parallel to ballistic missile developments, Russia is also advancing the 9M730 
Burevestnik, a nuclear-powered, ground-launched, nuclear-armed cruise missile with 
intercontinental range. Despite encountering significant setbacks, including multiple test 
failures and a recovery operation following a lost missile at sea, Russian President 
Vladimir Putin claimed a successful test of the Burevestnik system had been conducted 
by late 2023, though he provided no further details (Mellen 2023; RIA Novosti 2023b). 

Future Launch Plans and Challenges 
Looking ahead, Colonel General Karakaev indicated that Russia plans to conduct seven 
ICBM launches in 2024. However, given the historical context of fewer launches than 
planned in recent years, it remains to be seen whether this ambitious goal will be 
achieved. 

As Russia continues to advance its strategic missile capabilities through the 
development of new ICBMs and hypersonic systems, the global strategic balance and 
missile defense dynamics are likely to be significantly influenced. These developments 
reflect Russia's ongoing commitment to enhancing its military capabilities in the face of 
evolving global security challenges. 
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Russian Strategic Submarine Forces: An Analysis of 
Capabilities and Deployment 
The Russian Navy maintains a formidable fleet of nuclear-powered, nuclear-armed 
ballistic missile submarines (SSBNs), which play a critical role in the country's nuclear 
triad. As of the latest updates, the fleet comprises 12 SSBNs divided into two classes: 
five Delta IV class submarines and seven Borei class submarines, including four 
enhanced Borei-A class vessels. This detailed analysis explores the operational status, 
armament capabilities, and strategic significance of these underwater behemoths, along 
with insights into ongoing developments and future prospects in Russian submarine 
warfare technology. 

The Current Fleet and Its Disposition 

Delta IV Class Submarines 
The Delta IV class submarines have been a backbone of the Russian strategic submarine 
fleet since their introduction between 1985 and 1992. Stationed at Yagelnaya Bay, 
Gadzhiyevo, on the Kola Peninsula, these submarines are part of the Northern Fleet. 
Despite the age of this class, Russia has upgraded the Delta IVs to carry the modified SS-
N-23 SLBMs, known as Layner, potentially equipped with four warheads each. Typically, 
three to four of these submarines are operational at any given time, with the remainder 
undergoing maintenance. Notably, the Yekaterinburg submarine was decommissioned in 
2022 after 36 years of service, and the Podmoskovye was repurposed in 1999 as a special 
purpose submarine. 

Borei and Borei-A Class Submarines 
The more modern Borei class, including the Borei-A variant, represents the next 
generation of Russian SSBNs. Each of these submarines carries 16 SS-N-32 (Bulava) 
SLBMs, with each missile capable of bearing up to six warheads. The fleet includes seven 
operational Borei class submarines, with additional units under construction. The fleet's 
distribution plan suggests an equal split between the Northern and Pacific Fleets, 
indicating a strategic balance between these critical maritime arenas. 

Commissioning and Operational Details 
The latest addition to the fleet, the Imperator Alexandr III, was commissioned in 
December 2023, marking a significant milestone in the expansion and modernization of 
Russia's strategic naval capabilities. Each of the Borei class submarines undergoes 
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extensive sea trials, including test launches of Bulava SLBMs, to ensure their readiness 
for operational deployment. 

Strategic Exercises and Developments 
Russian SSBNs regularly participate in strategic exercises to demonstrate and enhance 
their operational readiness. For instance, the Tula, a Delta IV submarine, participated in 
a nuclear training exercise in October 2023, successfully launching a Sineva SLBM from 
the Barents Sea. These exercises are critical for maintaining the strategic deterrence 
capabilities of the Russian Navy. 

Future Prospects: The Arktur Class 
Looking ahead, Russia is developing the Arktur class submarines, which were first 
unveiled at the Army 2022 International Military-Technical Forum. This new class is 
expected to be smaller and carry fewer missiles than the Borei class, potentially serving 
as a platform for unmanned underwater vehicles. This indicates a strategic shift towards 
versatile and multipurpose underwater warfare capabilities. 

Development of the Poseidon Torpedo 
In addition to traditional ballistic missiles, the Russian Navy is advancing its capabilities 
with the development of the Poseidon nuclear-armed torpedo. This weapon, carried by 
specially configured submarines such as the Belgorod, represents a new dimension in 
underwater strategic weaponry. The Poseidon is designed for intercontinental range and 
is equipped with a large-yield warhead, enhancing Russia's ability to project power at a 
global scale. 

Infrastructure and Support Developments 
The infrastructure supporting the submarine fleet is also undergoing significant 
upgrades. For example, the naval base at Kamchatka is being enhanced to accommodate 
the new Poseidon-capable submarines, with improvements expected to be completed 
by 2025. Additionally, there are extensive upgrades being made to warhead storage 
facilities to support the operational needs of these advanced submarines. 

Operational Challenges and Geopolitical Implications 
Russian submarines have increasingly engaged in deployments off the coasts of the 
United States and in the Mediterranean, demonstrating their operational reach and 
influencing geopolitical dynamics. These deployments are closely monitored by 
international observers and contribute to the complex interplay of naval power in global 
politics. 
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In conclusion, the strategic capabilities of the Russian submarine fleet, characterized by 
advanced ballistic missile submarines and innovative weaponry like the Poseidon 
torpedo, play a pivotal role in maintaining Russia's status as a key nuclear power. The 
ongoing modernization and expansion of this fleet, coupled with strategic deployments 
and exercises, underscore the critical importance of these assets in global security 
dynamics. As developments unfold, the strategic impact of Russia's submarine 
capabilities will undoubtedly continue to influence maritime security and geopolitical 
stability worldwide. 

Strategic Bombers: Enhancing Russia's Aerial Deterrence 
Russia's strategic bomber fleet plays a crucial role in the country's aerial defense 
strategy, contributing significantly to its nuclear deterrence posture. The fleet, 
comprising the Tu-160 (Blackjack) and the Tu-95MS (Bear-H), represents a formidable 
element of Russia's strategic military assets. This section delves into the operational 
status, modernization efforts, and strategic importance of these heavy bombers within 
Russia's broader military framework. 

Current Composition of the Strategic Bomber Fleet 
The Russian strategic bomber fleet includes approximately 67 nuclear-capable heavy 
bombers, with about 58 of these counted as deployed under the terms of the New START 
treaty. This figure marks an increase from previous assessments, indicating a subtle yet 
significant bolstering of Russia's airborne strategic capabilities. The deployment status 
of these bombers has been corroborated through satellite imagery and analysis of their 
locations and maintenance schedules throughout 2023. 

Modernization and Armament 

Tu-160 Blackjack Modernization 
The Tu-160, known for its impressive operational capabilities, is undergoing extensive 
upgrades to enhance its combat readiness. The modernization includes the integration 
of up to 12 AS-23B nuclear cruise missiles internally. This missile is expected to replace 
the older AS-15 Kent, signifying a significant upgrade in the bomber's armament. 

Tu-95MS Bear-H Upgrades 
The Tu-95MS fleet, which includes several variants, is also subject to ongoing 
modernization. The aircraft are being equipped to carry additional AS-23B missiles, 
increasing their payload capacity significantly. The modernization efforts extend to 
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restoring external hardpoints on the Tu-95MSM, allowing it to carry a total of 14 missiles 
per aircraft. 

Operational Challenges and Enhancements 

Encounter with Modern Air Defenses 
Despite their upgrades, the older Tu-95MS models face challenges in penetrating modern 
air defense systems, highlighting the necessity for continuous enhancements and 
strategic deployment to mitigate risks. 

Use in Combat Scenarios 
Both the Tu-160 and Tu-95 have been actively used in combat roles, particularly noted 
during the conflict in Ukraine. The operational involvement of these bombers has not 
been without repercussions, as evidenced by the damage sustained from Ukrainian 
counterattacks, notably the airstrike on Engels Air Base in December 2022, which 
damaged several aircraft including a Tu-95. 

Strategic Deployment and Forward Basing 
To enhance survivability and operational flexibility, Russia has adjusted the basing of its 
strategic bombers. This includes the relocation of some bombers to Belaya Air Base in 
Irkutsk and Olenya Air Base in Murmansk. These movements are strategic, aimed at 
reducing vulnerability to attacks and enhancing response capabilities across different 
regions. 

International Collaborations and Demonstrations of Force 
Highlighting Russia's strategic intent and its capability to project power, the Tu-95 
bombers have engaged in joint patrols with Chinese H-6 bombers over strategic areas 
such as the Sea of Japan and the East China Sea. These missions serve not only as 
demonstrations of force but also as indicators of Russia's willingness to collaborate with 
other nations in asserting its military presence. 

Future Prospects: Tu-160 Reproduction and PAK DA Development 
Looking to the future, Russia plans to reproduce up to 50 Tu-160M bombers, although 
challenges and delays have marred this ambition. The development of the next-
generation bomber, the PAK DA, is progressing with expectations for it to carry advanced 
weaponry including hypersonic missiles. This development is critical as it represents the 
future trajectory of Russia's strategic aerial capabilities. 
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In conclusion, Russia's strategic bombers are a pivotal component of its military might, 
with ongoing modernization efforts aimed at enhancing their operational capabilities and 
strategic effectiveness. The challenges faced in terms of modern air defenses and 
operational risks are being addressed through technological upgrades and strategic 
deployment changes. As Russia continues to invest in its aerial assets, the strategic 
bomber fleet remains a significant element of its defense strategy, poised to influence 
global military dynamics for years to come. 
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Russia's Nonstrategic Nuclear Arsenal: An Evolving 
Strategy Amid Global Tensions 
Russia's nonstrategic nuclear weapons, commonly referred to as tactical or shorter-
range nuclear assets, represent a significant yet often understated component of its 
military capabilities. Unlike strategic nuclear weapons, which are designed for mass 
destruction and long-range engagements, nonstrategic nuclear weapons are intended for 
battlefield use, offering a flexible response to various military scenarios. This detailed 
examination delves into the current status, challenges, and the shifting dynamics of 
Russia's nonstrategic nuclear arsenal, shedding light on its strategic implications and the 
broader security environment. 

Updating and Modernizing the Arsenal 
Recent years have seen a concerted effort by Russia to update and modernize its 
nonstrategic nuclear weapons. This initiative, though less transparent and 
comprehensive than the strategic forces modernization plan, is significant. It includes 
phasing out older Soviet-era weapons and replacing them with newer models, albeit 
likely in reduced numbers. This modernization reflects Russia's ongoing commitment to 
maintain a robust and versatile military capability. 

Misinformation and Misinterpretations 
The post-2018 landscape of Russia’s nonstrategic nuclear capabilities has been 
muddied by misinformation. Following the publication of the Trump administration's 
2018 Nuclear Posture Review, several defense sources in Washington distributed 
inaccurate and exaggerated information regarding the nuclear capability of various 
Russian systems. Some of these systems had either been retired or were not nuclear-
capable. Contrary to claims that Russia had increased its nonstrategic nuclear weapons 
over the previous decade, reports suggest a significant reduction, approximately by one 
third, during that period. 

Current Estimates and Intelligence Assessments 
Estimates of Russia's nonstrategic nuclear arsenal vary. The US Defense Intelligence 
Agency’s 2021 Worldwide Threat Assessment and the State Department’s 2023 New 
START implementation report suggest that Russia possesses roughly 1,000 to 2,000 
nonstrategic nuclear warheads. However, these numbers include warheads awaiting 
dismantlement, which adds complexity to the precise count. Intelligence assessments 
have occasionally speculated on a potential increase in these weapons by 2030, though 
no concrete evidence supports this projection yet. 



 

  
COPYRIGHT DEBUGLIESINTEL.COM UPDATE : 12/2024 – VER. 1.1 

 

114 2024 – Nuclear Dilemma 

Inventory and Delivery Systems 
Russia's estimated stockpile of nonstrategic nuclear warheads includes those designed 
for a variety of delivery systems: 

• Air-to-surface missiles 

• Gravity bombs 

• Depth charges 

• Torpedoes 

• Anti-aircraft, anti-ship, and anti-submarine systems 

• Anti-ballistic missile systems 

• Nuclear mines 

• Ground-launched SS-26 Iskander missile systems, which are dual-capable 

This diverse arsenal highlights the multifaceted role these weapons play in Russia's 
defense strategy, capable of being deployed across multiple branches of the military. 

Dual-Capability and Strategic Ambiguity 
A notable aspect of Russia’s nonstrategic nuclear forces is their dual-capability—many 
platforms can be used either with conventional or nuclear payloads. This dual-use 
capability introduces a level of strategic ambiguity, complicating the calculations of 
adversaries in the event of a conflict. It is essential to recognize that an increase in the 
number of dual-capable launchers does not necessarily correlate with an increase in 
nuclear warheads assigned to them. 

Military Rationale and Strategic Objectives 
The reliance on nonstrategic nuclear weapons is partly driven by the need to offset the 
superior conventional forces of NATO and, more recently, the significant conventional 
military losses Russia has experienced in conflicts such as the ongoing war in Ukraine. 
Furthermore, the growth of China’s conventional military capabilities also plays a role in 
Russia’s strategic calculations, influencing its decision to maintain a considerable 
stockpile of these weapons. Having a sizeable inventory helps Moscow sustain a level of 
nuclear parity with the combined nuclear forces of the United States, the United 
Kingdom, and France. 
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Storage and Deployment Readiness 
Unlike strategic nuclear warheads, which are often deployed with their launchers, 
Russia’s nonstrategic nuclear weapons are generally stored separately and not counted 
as “deployed.” However, many regional storage sites are situated relatively close to 
launcher garrisons, facilitating rapid transfer and deployment if necessary. This setup 
enhances the flexibility and responsiveness of Russia’s nonstrategic nuclear forces, 
allowing for quick adaptation to changing battlefield conditions. 
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The Evolution and Strategy of Russia's Sea-Based 
Nonstrategic Nuclear Arsenal 
In the realm of global military power, Russia's formidable naval capabilities play a crucial 
role, particularly through the use of nonstrategic nuclear weapons. These assets, integral 
to Russia's maritime strategy, serve a pivotal function in the broader spectrum of national 
defense and power projection. This comprehensive analysis explores the components, 
challenges, and strategic implications of Russia's sea-based nonstrategic nuclear 
weapons, providing insights into the current state and future trajectory of this critical 
military domain. 

Overview of Russia’s Sea-Based Nonstrategic Nuclear Arsenal 
Russia, among the world's foremost military powers, maintains a substantial array of 
nonstrategic nuclear weapons within its navy. The current estimates suggest that 
approximately 784 warheads are dedicated to a variety of platforms including land-attack 
cruise missiles, anti-ship cruise missiles, anti-submarine rockets, anti-aircraft missiles, 
torpedoes, and depth charges. These weapons are deployable across a broad spectrum 
of naval vessels such as submarines, aircraft carriers, cruisers, destroyers, frigates, 
corvettes, and naval aircraft. However, it is crucial to note that the actual number of 
deployed sea-based nonstrategic nuclear weapons might be lower than estimated, given 
not all vessels with dual-capable systems are necessarily equipped with nuclear 
warheads. 

The Yasen-Class Submarines: A Core Component 
A significant element of Russia’s modernization efforts in its sea-based nonstrategic 
nuclear forces is the Yasen-class submarine program, particularly the improved Project 
885/M or Yasen-M submarines. These nuclear-powered nuclear-armed guided missile 
submarines (SSGNs) are at the forefront of Russia's naval strategy. The program has faced 
delays and technical challenges, yet continues to progress. As of late 2023, four Yasen-
class submarines have been commissioned: the Severodvinsk, Kazan, Novosibirsk, and 
Krasnoyarsk. Five more, namely the Arkhangelsk, Perm, Ulyanovsk, Voronezh, and 
Vladivostok, are under construction at various stages. 

The Arkhangelsk, laid down in 2015, was notably moved out from the Sevmash 
construction hall in November 2023 to prepare for its launch and sea trials, signaling 
continued advancement in this pivotal program. These submarines are reported to be 
slightly shorter than the first Yasen submarine but are capable of carrying up to 40 Kalibr 
missiles—eight fewer than the original design. Enhanced reactors and sonar systems in 
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the Yasen-M improve their stealth capabilities, crucial for evading detection and 
enhancing their strategic efficacy. 

Armament and Capabilities 
The armament of the Yasen-class submarines is particularly notable for its versatility and 
power. In addition to the dual-capable Kalibr land-attack cruise missiles, these 
submarines are equipped with the SS-N-26 Strobile (3M-55) anti-ship cruise missile and 
the SS-N-16 (Veter) nuclear anti-submarine rockets, along with nuclear torpedoes. The 
introduction of the 3M-22 Tsirkon (SS-NX-33) hypersonic missile, successfully test-
launched from the Severodvinsk in 2021 and 2022, marks a significant enhancement in 
Russia's naval capabilities. These submarines feature modernized UKSK-M "universal 
launchers" that can accommodate multiple missile systems, allowing for salvo-launch 
of various types of missiles, thus broadening their operational flexibility. 

Future Developments and Speculations 
There are ongoing discussions and speculations regarding the future expansion of 
Russia’s sea-based nonstrategic nuclear capabilities. Reports suggest that Russia is 
considering the addition of three more Yasen-M SSGNs, although official confirmation is 
pending. Moreover, there is speculation about the potential development of a new type 
of cruise missile submarine based on the Borei SSBN design, which would be named 
Borei-K. If approved, these would likely enter service post-2027 and could carry nuclear-
armed cruise missiles, further expanding Russia’s strategic maritime capabilities. 

Integration with Naval Surface Ships and Aircraft 
Beyond submarines, Russia’s strategy for nonstrategic nuclear weapons encompasses a 
variety of surface ships and naval aircraft. These platforms are increasingly being 
equipped with the 3M-14 Kalibr (SS-N-30A) land-attack cruise missile and the 3M-55 
Oniks (SS-N-26) anti-ship cruise missile, enhancing the reach and lethality of Russia's 
naval forces. These missiles, capable of striking targets over 2,500 kilometers away, are 
being added to new constructions and retrofitted onto older vessels, ensuring that Russia 
maintains a formidable presence in international waters. 
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Air-Based Nonstrategic Nuclear Weapons in the Russian 
Military Arsenal 

Overview of Russia's Nonstrategic Nuclear Forces 
The Russian Federation maintains a significant arsenal of nonstrategic nuclear weapons, 
designed for delivery by a variety of aircraft within the Russian Air Force. These aircraft 
include the Tu-22 M3 (Backfire) intermediate-range bombers, Su-24 M (Fencer-D) fighter-
bombers, the Su-34 (Fullback) fighter-bomber, the MiG-31K, and the newly introduced 
Su-57 jets. Additionally, there is speculation about the dual-capability of the Su-30SM, 
though this remains unconfirmed. 

The Tactical and Strategic Role of the Tu-22M3 Bomber 
The Tu-22M3 bomber has been a cornerstone of Soviet and Russian long-range aviation 
since its inception. Capable of delivering the Kh-22 (AS-4 Kitchen) air-launched cruise 
missiles, this aircraft is undergoing a significant upgrade to the Tu-22M3M version. The 
upgrade involves an extensive overhaul, with 80 percent new avionics and a shared 
communications suite with the cutting-edge Su-57 fighter. This upgrade enhances its 
operational capabilities, making it a more formidable asset in Russia’s strategic bomber 
fleet. 

The first prototype of the Tu-22M3M took to the skies in December 2018, signifying a new 
phase in Russian aviation technology. Following the successful initial test, the second 
prototype embarked on its maiden flight in March 2020, followed by additional tests, 
including high-speed resilience checks. This upgraded bomber is also expected to be 
equipped with the Kh-95 hypersonic missile, which is currently under development and 
promises to add a new dimension to Russia’s long-range strike capabilities. 

Conventional Use in Ukraine and Response to Threats 
In recent years, the Tu-22M3 has been actively employed in conventional roles, 
particularly during the ongoing conflict with Ukraine. Following a drone strike on the 
Soltsy airbase in August 2023, which resulted in the destruction of a Tu-22M3, Russia 
strategically relocated its remaining bombers to the Olenya airbase on the Kola 
Peninsula. This move was part of a broader strategy to safeguard critical military assets. 

The Evolution and Role of the Su-34 in Modern Warfare 
The Su-34 fighter-bomber represents a significant evolution in the Russian Air Force’s 
capabilities, gradually replacing the older Su-24M. As of January 2023, more than 145 Su-
34s have been delivered, with the fleet further expanded by the addition of 76 upgraded 
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Su-34M units featuring enhanced avionics. These aircraft have seen extensive action in 
Ukraine, demonstrating their crucial role in Russia’s military strategy. 

During a visit to the manufacturing plant in October 2023, Russian Defense Minister 
Sergei Shoigu emphasized the need to increase the production and repair of Su-34s, 
underlining the aircraft’s vital importance to Russian defense strategy. 

The Kinzhal Hypersonic Missile System 
A significant advancement in Russian missile technology is the development of the 
Kinzhal hypersonic missile system. Launched from the MiG-31K (adapted to the MiG-
31IK for this role) or the Tu-22M3, the Kinzhal is a long-range, dual-capable air-launched 
ballistic missile system. It can reach up to 3,000 kilometers when launched from a Tu-
22M3, combining the aircraft's range with the missile’s capabilities. 

The deployment of the Kinzhal system has been strategic, with a new aviation regiment 
equipped with MiG-31IK aircraft armed with the Kinzhal formed in 2021 in the North Fleet 
area. Plans are in place to extend the deployment of these missiles to the Western and 
Central Military Districts by 2024. The Kinzhal has already been used in combat situations 
in the war in Ukraine, marking a significant milestone in its operational history. 

Integration of the Su-57 into the Russian Aerospace Forces 
The introduction of the Su-57 (PAK FA) fighter jets marks a pivotal development in Russian 
military aviation. The first batch of these advanced fighter jets was received by the 
Russian Aerospace Forces in late 2020, with deliveries continuing into 2023. There is a 
plan to integrate a total of 76 Su-57s into the forces by the end of 2028, spread across 
three regiments. The Su-57 is believed to be nuclear-capable and is expected to be 
equipped with hypersonic missiles similar to the Kinzhal, enhancing its strike capabilities 
significantly. 
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The Uncertain Arsenal: Russia's Nonstrategic Nuclear 
Weapons in Ballistic Missile and Air Defense 
The scope and capacity of Russia's nonstrategic nuclear arsenal, particularly those 
designated for ballistic missile and air defense, remain shrouded in ambiguity and 
uncertainty. This complexity is rooted in historical shifts, policy changes, and 
technological advancements that have evolved over decades. Given the secretive nature 
of nuclear arsenals globally, precise data on Russia's nonstrategic nuclear warheads for 
defensive systems is difficult to ascertain, yet understanding these capabilities is crucial 
for assessing global security dynamics. 

Historical Context and Inventory Changes 
Nonstrategic nuclear weapons, also known as tactical nuclear weapons, are designed 
for use on the battlefield as part of military operations, unlike strategic nuclear weapons 
which are aimed at damaging an enemy's warfighting capability more broadly. For Russia, 
these weapons serve not only a tactical role but also as a deterrent under its broader 
national security strategy. 

During the Cold War, the Soviet Union amassed a substantial stockpile of air defense 
nuclear warheads. By 1991, significant reductions were promised and partially fulfilled 
following the dissolution of the Soviet Union. Alexei Arbatov, a member of the Russian 
Federation State Duma defense committee, reported in 1999 that the 1991 inventory 
initially included about 3,000 air defense warheads. This number was already a reduction 
from estimates in the late 1980s, which suggested around 2,500 warheads were in 
existence (Cochran et al. 1989). 

The post-Cold War era brought about further commitments to reduce these arsenals. In 
1992, Russia pledged to destroy half of its nuclear air defense warheads. By 2007, 
Russian officials claimed that 60 percent of these promised reductions had been 
achieved, suggesting that between 800 and 1,000 warheads remained for air defense 
purposes (Pravda 2007). The actual numbers, however, are subject to significant 
uncertainty due to the opaque nature of nuclear inventory disclosures and the potential 
for strategic misinformation. 

Recent Assessments and Current Capabilities 
In more recent years, the narrative around Russia's nonstrategic nuclear capabilities has 
continued to evolve. As of 2023, U.S. government sources and assessments from the 
State Department indicate that Russia still possesses nuclear warheads designated for 
defensive weapons, including anti-aircraft and anti-ballistic missile systems (US 
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Department of State 2023b). This suggests an ongoing role for nuclear capabilities in 
Russia's defense strategy, despite global trends towards reduction and non-proliferation. 

Particularly noteworthy is the A-135 anti-ballistic missile defense system that protects 
Moscow. This system currently employs 68 nuclear-tipped 53T6 Gazelle interceptors. An 
upgrade to this system, known as the A-235, which includes the Nudol anti-ballistic and 
anti-satellite interceptor, is underway and expected to be operational by the end of 2025 
(TASS 2021e). It remains unclear whether the A-235 system will continue to utilize nuclear 
warheads or transition to conventional warheads or kinetic hit-to-kill technology, 
reflecting potential shifts in strategic defense philosophies (Krasnaya Zvezda 2017; 
Starchak 2023b). 

Additionally, Russia maintains dual-capable air-defense systems such as the mobile S-
300 (SA-20) and S-400 (SA-21), which are primarily designed for theater air defense but 
have also been adapted for some missile defense roles. These systems have been 
actively deployed in various conflicts, including the ongoing war in Ukraine, where they 
have been used for both defensive and offensive operations (TASS 2023f). 

Estimated Warhead Inventory 
With the evolving landscape of military technology and the strategic needs of the Russian 
defense apparatus, it is estimated that approximately 250 nuclear warheads are currently 
allocated for air defense forces. This includes an additional 95 warheads specifically for 
the Moscow A-135 missile defense system and coastal defense units, culminating in a 
total estimated inventory of about 345 warheads. However, this estimate carries 
significant caveats due to the limited transparency and reliability of available data, 
leading to low confidence in its accuracy. 

The dynamic nature of Russia's nonstrategic nuclear arsenal, particularly in the realm of 
air and missile defense, illustrates the challenges of nuclear arms control and 
disarmament. While efforts continue globally to reduce the prevalence of nuclear 
weapons, the strategic calculations of nations like Russia, which integrate these 
weapons into their broader security frameworks, complicate these goals. As 
technological advancements and strategic needs evolve, the landscape of nuclear 
defense will undoubtedly continue to change, underscoring the importance of vigilant 
monitoring and robust international dialogue to manage the risks associated with nuclear 
proliferation. 
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Overview of Russian Ground-Based Dual-Capable 
Missile Systems 
Among the key elements of Russia's ground-based nonstrategic nuclear capabilities are 
the 9K720 Iskander (SS-26) short-range ballistic missiles and the 9M729 (SSC-8) ground-
launched cruise missiles. There is also potential, though unconfirmed, nuclear capability 
in the 9M728 (SSC-7) ground-launched cruise missile system. 

The Iskander Missile System (SS-26) 
The SS-26 Iskander has completely replaced the older SS-21 systems across at least 12 
brigades within the Russian military districts—four in the Western Military District, two in 
the Southern Military District, two in the Central Military District, and at least four in the 
Eastern Military District. The modernization of these brigades includes ongoing 
construction at some bases, and not all bases are equipped with missile depots. Each 
brigade was initially equipped with 12 launchers and 24 missiles, with plans to expand 
each brigade to include 16 launchers and 32 missiles, thereby enhancing their combat 
readiness and strategic flexibility (Izvestia 2019). 

The 9M729 Missile System (SSC-8) 
The deployment of the 9M729 (SSC-8) ground-launched cruise missile system has been 
a subject of international scrutiny and controversy. This missile system, with a range of 
approximately 2,500 kilometers, has been accused by the United States and NATO of 
violating the Intermediate-Range Nuclear Forces Treaty, which was a cornerstone of Cold 
War-era arms control (US Department of State 2019). The first two battalions of this 
system were reportedly deployed in late 2017, and by December 2018, Russia had 
allegedly deployed four battalions across its military districts, totaling nearly 100 missiles 
(Gordon 2019). 

Operational Deployment and Strategic Implications 

Belarusian Collaboration and Tactical Deployments 
In a significant development reported in February 2023, Belarusian military officials 
claimed that they were operating Russian-supplied nuclear-capable SS-26 Iskander 
missile systems autonomously within the context of the ongoing conflict in Ukraine. 
These systems were observed during training exercises near Osipovichi, indicating a 
deepening of military cooperation between Russia and Belarus (Kristensen 2023b; 
Reuters 2023a). Additionally, Russia is reportedly upgrading a weapons depot near 
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Asipovichy in Belarus, potentially to serve as a storage site for tactical nuclear weapons, 
thereby extending its strategic reach and deterrence capabilities (Kristensen 2023a). 

Accusations of Treaty Violations and the SSC-8 
The controversy surrounding the SSC-8 system highlights the complexities of modern 
missile warfare and arms control. The U.S. has repeatedly accused Russia of developing 
and deploying this missile system in violation of international treaties, raising tensions 
and prompting discussions on the need for new frameworks to address emerging military 
technologies and capabilities. 

Integration of North Korean Missile Technology 
In a recent and controversial development, Russia has been reported to operate a 
number of North Korean Hwasong-11 solid-fuel ballistic missiles. Although these 
missiles are assumed to play a nuclear role in North Korea, the current assessment 
suggests that Russia is utilizing these for conventional strikes, as evidenced by their use 
in Ukraine on December 30, 2023, and January 2, 2024 (Lewis 2024). This use of foreign 
missile technology underscores the dynamic and interconnected nature of global 
military arsenals. 

Russia's strategic use of ground-based nonstrategic nuclear weapons continues to be a 
pivotal element of its military strategy, serving both as a deterrent and as a means of 
projecting power in its immediate geopolitical neighborhood. The ongoing developments 
in missile technology, combined with Russia's tactical deployments and international 
collaborations, illustrate the evolving nature of global military dynamics in the 21st 
century. As these capabilities continue to develop, they will undoubtedly influence global 
strategic balances and necessitate continued dialogue and potentially new approaches 
to arms control and international security. 
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The Accelerated Expansion of China's Nuclear Arsenal: 
An In-depth Analysis of Developments and Strategic 
Implications 
In recent years, China has significantly intensified its nuclear modernization efforts, 
marking one of the most comprehensive and rapid expansions among the global nuclear 
powers. This chapter delves into the multifaceted nature of China's nuclear strategy, 
exploring the expansion of its capabilities, the strategic motivations behind these moves, 
and the implications for global nuclear stability. 

Expansion of China's Nuclear Capabilities 
Since March 2023, China has taken significant steps in expanding its nuclear arsenal. The 
development includes the construction of three new missile silo fields designated for 
solid-fuel intercontinental ballistic missiles (ICBMs). Additionally, the expansion of 
existing silos for its liquid-fuel DF-5 ICBMs has been noted. These moves indicate a 
strategic shift towards maintaining a large, versatile nuclear force capable of quick 
deployment and launch. 

Furthermore, China is actively developing new variants of ICBMs along with advanced 
strategic delivery systems. There is credible evidence suggesting the production of 
excess warheads, which are expected to be equipped on these systems once they 
become operational. This development not only enhances China's strategic strike 
capabilities but also provides it with additional leverage in global military and diplomatic 
engagements. 

Advancements in Intermediate and Medium-Range Capabilities 
China's dual-capable DF-26 intermediate-range ballistic missiles have now entirely 
replaced the older medium-range DF-21 missiles in the nuclear role. This transition 
underscores China's intent to improve its strike capabilities within the intermediate 
range, which could target regional adversaries and assets. 

Naval and Aerial Nuclear Capabilities 
In naval advancements, China has been upgrading its Type 094 ballistic missile 
submarines by arming them with the newer, longer-range JL-3 submarine-launched 
ballistic missiles (SLBMs). This upgrade significantly extends the reach of China's 
second-strike capabilities, enhancing its deterrence posture. 

China has also reassigned an operational nuclear mission to its bombers and is in the 
process of developing an air-launched ballistic missile potentially capable of carrying 
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nuclear warheads. This development is part of a broader strategy to diversify and secure 
its delivery platforms, ensuring penetration of enemy defenses and increasing the 
credibility of its nuclear deterrent. 

Stockpile Estimates and Projections 
Current estimates suggest that China has amassed approximately 440 nuclear warheads 
designated for delivery via land-based ballistic missiles, sea-based missiles, and 
bombers. An additional 60 warheads are believed to be in production to arm new missiles 
and bombers as they are commissioned. 

The Pentagon’s 2023 report projects that China's nuclear arsenal will grow to about 1,000 
warheads by 2030, with a potential increase to 1,500 by 2035. This projection is 
contingent upon several factors including the number of missile silos and submarines 
China plans to build, the load-out of missiles and warheads, and the future production 
of fissile materials. 

 

Analysis of Growth Projections 
While the Pentagon's projections provide a glimpse into the potential scale of China's 
nuclear expansion, they hinge on various uncertain factors that could alter the trajectory 
of growth. These factors include the construction and armament of missile silos, 
deployment strategies for intermediate-range missiles, the number of operational missile 
submarines and bombers, and assumptions regarding the production of fissile materials. 
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The methodology used by the Pentagon in projecting the growth of China’s nuclear 
arsenal typically extrapolates from past growth rates. However, this method does not 
account for possible changes in China’s strategic priorities or international diplomatic 
developments that might influence its nuclear policy. 

China's accelerated nuclear modernization program represents a significant shift in the 
global nuclear balance. The expansion of its arsenal and the development of new delivery 
systems enhance China's strategic capabilities, potentially altering the dynamics of 
international security and stability. 

As China continues to expand its nuclear forces, it will be crucial for policymakers and 
analysts to monitor these developments closely, assess their implications for regional 
and global security, and consider the necessary steps to address the challenges posed 
by this growing nuclear power. The trajectory of China's nuclear capabilities is not just a 
matter of numbers but a pivotal factor in the future of international nuclear diplomacy 
and strategic stability. 
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Table . Chinese nuclear forces, 2024.* 

Type 
NATO 
designatio
n 

Number 
of 
launchers
a 

Year 
deploye
d 

Range 
(kilometers
) 

Warhead
s x yieldb 
(kilotons) 

Warhead
s 

Land-based 
ballistic missilesc             

Medium/Intermediat
e-Range             

DF-21A/E CSS-5 Mods 2, 
6 . . 2000, 2016 2,100+d 1 × 200–300 . .e 

DF-26 CSS-18 216f 2016 4 1 × 200–300 108g 

Subtotal:   216       108 

Intercontinental 
Range 

            

DF-5A CSS-4 Mod 2 6 1981 12 1 × 4,000–5,000 6 

DF-5B CSS-4 Mod 3 12 2015 13 Up to 5 × 200–
300 60 

DF-5C (CSS-4 Mod 4) . . -2024 13 1 × multi-MT . . 

DF-27 CSS-X-24 . . -2026 5,000–8,000 1 × 200–300 . . 

DF-31 CSS-10 Mod 1 . . 2006 7,2 1 × 200–300 . .h 

DF-31A CSS-10 Mod 2 24 2007 11,2 1 × 200–300 24 

DF-31A CSS-10 (silo) . . -2023 11,2 1 × 200–300 . . 

DF-31AG CSS-10 Mod 2i 64j 2018 11,2 1 × 200–300 64 

DF-41 CSS-20 
(mobile) 28 2020 12 Up to 3 × 200–

300 84 

DF-41 CSS-20 (silo) . . -2025 12 (Up to 3 × 
200–300) . . 

Subtotal:   134       238 

Total land-based   350       346 

Submarine-launched ballistic missiles 

JL-2 CSS-N-14 0k 2016 7,000+ 1 × 200–300 0 

JL-3 CSS-N-20 giu-72 2022l 9,000+ (“Multiple”) 72 

Aircraftm             

H-6K B-6 10 1965/2009 3,100+ 1 × bomb 10n 

H-6N B-6 10 2020 3,100+ 1 × ALBM 10 

H-20 ? . . -2030 ? (bomb/ALCM?) . . 

Total fielded   442       438 

Other produced 
warheads           [62]o 

TOTAL           500 

*This table is based on U.S. government reports, work by non-governmental experts such 
as Decker Eveleth, Ben Reuter, and others who wish to remain anonymous, as well as the 
authors’ estimates. 

aTwo dots (. .) imply the number is unknown or premature. Numbers between 
parentheses indicate weapons in the process of entering service but not yet operational. 
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bThe Chinese nuclear testing program demonstrated a wide range of warhead yields. 
While older and less accurate missiles were equipped with megaton-yield warheads, new 
and more accurate missiles carry warheads with much lower yields, possibly in the few 
hundreds of kilotons. It is possible that some warheads have even lower yield options. 

cAlthough the DF-17 MRBM was previously claimed to possibly be dual-capable, this has 
not been substantiated and the 2023 US Department of Defense’s report describes it as 
conventional. As a result, the DF-17 is no longer included in this table. 

dUS Department of Defense (DOD) lists the range of the DF-21A/E as 1,750 km, but the 
US Air Force has reported it as 2,150 km. 

eThe nuclear DF-21 is no longer mentioned in the 2023 DOD report and may have been 
retired. 

fUS Department of Defense lists 250 IRBM launchers, up from 200 in 2021, which is more 
than the known visible base infrastructure indicates. The DOD number may include 
launchers for bases that are upgrading to DF-26 but not yet fully operational as well as 
launchers in the final stage of production. 

gIf all deployed DF-26 launchers are assigned one nuclear warhead each, the total 
stockpile would include nearly 550 warheads, which is more than DOD lists. Moreover, 
that would mean each DF-26 brigade base was assigned several dozen warheads, which 
seems excessive. This table assumes that only half of the dual-capable DF-26 launchers 
are assigned a nuclear mission, but the actual number is unknown. 

hThe DF-31 is no longer listed in the annual DOD report and is thought to have been 
retired. 

iThe DF-31AG is thought to carry the same missile as the DF-31A. 

jAssumes possibly six brigades are operational with the DF-31AG. 

kIn November 2022, the commander of the US Pacific Fleet stated that China had 
replaced all of its deployed JL-2 SLBMs with JL-3s. The 2023 DOD report, however, 
describes the SSBNs as upgrading to the JL-3. 

lAlthough US officials have stated that the JL-3 has become operational on Type 094/A 
SSBNs, it is also thought to be intended to eventually arm the future Type 096 SSBN. 

mBombers were used to conduct at least 12 of China’s nuclear test explosions between 
1965 and 1979 and gravity bomb models are displayed in museums. The People’s 
Liberation Army Air Force nuclear capability was dormant for years, but the mission has 
recently been reestablished. 
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nAlthough the US Department of Defense lists only the H-6N as nuclear with an air-
launched ballistic missile, we estimate a small number of gravity bombs were possibly 
retained in the stockpile for earlier versions. With the arrival of the ALBMs, however, those 
bombs will probably be retired, if it hasn’t happened already. 

oIn addition to the 438 warheads assigned to operational forces, China probably has 
produced, or is producing, dozens of warheads for additional launchers, including those 
needed to arm its hundreds of new missile silos. DOD reported in 2023 that the Chinese 
stockpile as of May 2023 included over 500 warheads, which appears to include 
warheads for more than the observable force, such as new silo-based ICBMs. 
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Strategic Dimensions of China’s Fissile Material 
Production: A Comprehensive Overview of Current 
Capacities and Future Trajectories 
In the realm of nuclear strategy and policy, the production and management of fissile 
materials constitute a core element determining the pace and scale of a nation's nuclear 
capabilities. China, a key player in global nuclear dynamics, has been at the forefront of 
expanding its nuclear arsenal through sophisticated advancements in its fissile material 
production capacities. This chapter provides an in-depth analysis of China's current 
status in fissile material production, including highly enriched uranium (HEU), separated 
plutonium, and tritium, and assesses the implications of these developments for its 
nuclear strategy up to 2035. 

Current Status of China's Fissile Material Stockpiles 
As of the end of 2022, China possesses approximately 14 tonnes of HEU and about 2.9 
tonnes of separated plutonium, as assessed by the International Panel on Fissile 
Materials. These stockpiles have supported a significant expansion of China’s nuclear 
arsenal, doubling the stockpile over the past five years. This expansion underscores the 
strategic intent of Beijing to bolster its nuclear deterrent capabilities significantly. 

Expansion of Fissile Material Production 
Recent developments in 2023 indicate a notable escalation in China’s capabilities to 
produce fissile materials. The Pentagon highlighted the operational commencement of 
two large new centrifuge enrichment plants in China, which mark a substantial 
advancement in its uranium enrichment capabilities. Furthermore, there has been 
significant progress in China’s domestic plutonium production capacities. 

Historically, China ceased the production of weapon-grade plutonium in the mid-1980s. 
However, recent strategies suggest a reinvigoration of these capabilities, utilizing dual-
use infrastructure. This approach blends civilian technological advances with military 
applications, reflecting a strategic maneuver to maximize the utility of national 
resources. 

Role of Civilian Reactors in Plutonium Production 
A critical element of China’s strategy to accumulate significant plutonium stocks involves 
the use of civilian nuclear reactors. Notably, two commercial-sized CFR-600 sodium-
cooled fast-breeder reactors are under construction at Xiapu in Fujian province. These 
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reactors are particularly efficient in producing plutonium and are expected to play a 
crucial role in China’s strategy to enhance its fissile material stockpile. 

The first of these CFR-600 reactors began operations in a low-power mode in mid-2023, 
with expectations to connect to the grid later. The second reactor is scheduled to become 
operational by 2026. These developments are pivotal, as they highlight China’s long-term 
commitment to expanding its plutonium production capabilities through civilian nuclear 
technology. 

 

Image : Satellite imagery showing construction progress of the CFR-600 fast breeder reactors at Xiapu in Fujian province, 

China 

Advances in Reprocessing Capabilities 
China’s advancements in nuclear reprocessing capabilities are evident with the near 
completion of its first civilian "demonstration" reprocessing plant at the China National 
Nuclear Corporation (CNNC) Gansu Nuclear Technology Industrial Park in Jinta, Gansu 
province. This plant, expected to be operational by 2025, will significantly enhance 
China's capacity to reprocess spent nuclear fuel, a crucial step in the plutonium 
extraction process. 

Moreover, the construction of a second reprocessing plant at the same location indicates 
China’s strategic planning to sustain and possibly expand its reprocessing capabilities. 
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These facilities are expected to meet the plutonium needs of the CFR-600 reactors, 
thereby supporting the broader objectives of China’s nuclear strategy. 

Implications of Expanded Fissile Material Production 
The strategic expansion of China’s fissile material production has profound implications 
for its military capabilities and its position in global nuclear politics. The potential 
production of over 330 kilograms of weapon-grade plutonium annually from its fast-
breeder reactors would align with the Pentagon’s projections and significantly enhance 
China’s ability to produce additional nuclear warheads. 

Transparency and International Concerns 
The decreased transparency surrounding China’s fissile material production and the 
expansion of its capabilities in uranium and tritium production have raised international 
concerns. The lack of recent reports to the International Atomic Energy Agency regarding 
its separated plutonium stockpiles further complicates the global understanding of 
China’s nuclear ambitions and strategies. 

Moving Forward 
As China continues to advance its fissile material production capabilities, it remains 
crucial for international observers and policymakers to monitor these developments 
closely. Understanding the scale and scope of China’s fissile material production is 
essential for assessing the future trajectories of its nuclear arsenal and the strategic 
implications for regional and global security dynamics. 

In summary, the strategic underpinnings of China's expanded fissile material production 
capabilities are a clear indicator of its intent to remain a formidable nuclear power. The 
integration of civilian and military nuclear capabilities, advancements in reprocessing 
technology, and the operationalization of new production facilities collectively contribute 
to China's strategic posture on the global stage, shaping the contours of international 
nuclear policy and security for the coming decades. 
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The Evolution of US Estimates on China’s Nuclear 
Arsenal: A Historical and Contemporary Analysis 
The assessment of China's nuclear capabilities by the United States has undergone 
significant changes over the decades, reflecting not only the advancements in China's 
military technology but also the shifts in geopolitical relations and intelligence gathering 
capabilities. This chapter explores the trajectory of US estimates and assumptions 
regarding the size and capability of China’s nuclear forces, highlighting both historical 
inaccuracies and current evaluations. 

Historical Context of US Estimates 
In the early 1980s, the perception of China's nuclear arsenal was significantly different 
from what it is today. A 1984 study by the US Defense Intelligence Agency estimated that 
China possessed between 150 to 360 nuclear warheads and projected an increase to 
more than 800 by 1994. This estimate, as cited by Hans Kristensen in 2006, reflects the 
Cold War mentality, which often led to inflated assessments of adversary capabilities. 

However, these projections did not materialize as expected. By the end of the 1990s, 
another study by the Defense Intelligence Agency in 1999 adjusted the estimate, 
projecting that China might have over 460 nuclear weapons by 2020. This projection was 
closer to the Pentagon’s 2020 warhead estimate but still represented a significant 
overestimation compared to the “low-200s” warhead count announced by the Pentagon 
in the same year. 
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Image : US organizations’ estimate of China’s nuclear weapons stockpile. Abbreviations used: CIA, Central 
Intelligence Agency; DIA, Defense Intelligence Agency; DOD, US Department of Defense; FAS, Federation of 
American Scientists; OSD, Office of the Secretary of Defense; STRATCOM, US Strategic Command. (Credit: 
Federation of American Scientists) 

Review of Recent Projections 
Fast forward to recent years, the US Department of Defense, through its annual China 
Military Power Reports (CMPR), has continued to adjust its projections of China's nuclear 
capabilities. The 2021 CMPR projected that China could have 700 deliverable warheads 
by 2027 and possibly as many as 1,000 by 2030. This projection was further escalated in 
the 2022 report, which claimed that China’s stockpile of operational nuclear warheads 
had surpassed 400 and was likely to reach about 1,500 warheads by 2035. 

However, the latest 2023 CMPR presents a more conservative estimate, stating that 
China had more than 500 operational nuclear warheads as of May 2023 and is on track 
to have over 1,000 operational warheads by 2030. The report suggests that the actual 
observable operational force structure does not conclusively support a total of more than 
500 operational warheads, unless certain assumptions are made. These include 
attributing nuclear warheads to all DF-26 launchers, the loading of several dozen new 
missile silos with missiles, or the inclusion of new warheads in production for new 
missiles. 

Chinese Responses to US Projections 
The Chinese response to these US projections has been consistently critical. Following 
the release of the 2022 CMPR, Senior Colonel Tan Kefei from China's Ministry of National 
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Defense accused the Pentagon of distorting China's national defense policy and military 
strategy, and of groundlessly speculating about China's military development. In 2023, 
another spokesperson, Wu Qian, criticized the CMPR for exaggerating and 
sensationalizing the so-called 'Chinese military threat'. Neither spokesperson 
acknowledged nor denied the specific claims about the expansion of China's mobile 
ICBM force or the construction of new missile silo fields. 

Analysis of Projection Accuracy 
The variation in US estimates over the years reflects both the challenges of intelligence 
gathering and the complexities of interpreting China’s military strategies. It also indicates 
a pattern where earlier projections tended to overestimate China's capabilities, possibly 
as a precautionary measure or as a reflection of the strategic uncertainties of the times. 

Reevaluating China’s Nuclear Strategy: Beyond Minimal Deterrence 
The evolving landscape of global nuclear power dynamics, particularly between the 
United States and China, has seen significant discourse regarding China's strategic 
intentions. The developments in China's nuclear capabilities have led to a shift in 
perception from what was once considered a "minimal deterrent" strategy towards a 
more assertive posture that seeks parity with the world's leading nuclear powers. 

Shifts in Strategic Posture 
In 2020, Trump administration officials articulated a shift in China's nuclear strategy. They 
posited that China was moving away from its longstanding policy of maintaining a 
minimal nuclear deterrent towards seeking nuclear parity with the United States and 
Russia. This assertion was further supported by remarks made in 2021 by the Deputy 
Commander of US Strategic Command, who highlighted a potential "crossover point" 
where the threats posed by China could surpass those presented by Russia, anticipated 
to occur within the next few years. 

Strategic Command Assessments 
Further insights into China's military ambitions were provided by Admiral Charles Richard 
of the US Strategic Command in April 2022. He described China’s expansion of its 
strategic and nuclear forces as “breathtaking.” Admiral Richard pointed to China's goal of 
achieving a “world-class military by 2030” and its capabilities to potentially take Taiwan 
by force by 2027. He also noted significant investments in nuclear command and control 
systems and the development of advanced nuclear response options, such as "launch 
under warning" and "launch under attack" capabilities. These developments indicate a 
significant departure from China's previous minimum-deterrence posture. 
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By March 2023, General Anthony Cotton of the US Strategic Command echoed these 
sentiments, stating that China seeks to achieve, and in some areas surpass, both 
quantitative and qualitative parity with the United States in terms of nuclear weapons 
capabilities. General Cotton's testimony highlighted that China's current nuclear 
capabilities already exceed those necessary for a policy of minimum deterrence and are 
expanding at a concerning rate. 

The Disparity in Nuclear Arsenals 
Despite these rapid advancements, the projected increase to 1,500 warheads by 2035 
remains significantly lower than the current US nuclear arsenal. This disparity has been 
leveraged by Chinese officials to argue against unrealistic expectations for China to 
participate in nuclear arms reduction talks alongside the United States and Russia. The 
Chinese Ministry of National Defense has consistently stated that given the vast 
difference in warhead counts, expecting China to engage in disarmament talks on par 
with the established nuclear powers is not feasible. 

US Strategic Perspectives on the Numbers Game 
US defense officials, while acknowledging the increase in Chinese nuclear capabilities, 
often downplay the raw numbers. Lieutenant General Thomas Bussiere, Deputy 
Commander of the US Strategic Command, emphasized that the assessment of threats 
is not merely about stockpile numbers but involves a broader consideration of what is 
operationally fielded, the status of forces, and the posture of these forces. This 
perspective underscores that strategic stability is influenced by more than just the 
number of warheads but also by their deployment and readiness. 

The trajectory of China's nuclear strategy suggests a strategic pivot that could reshape 
the balance of power in the global nuclear order. The US's recognition of this shift is 
critical as it shapes its own strategic responses and its engagement in future arms control 
dialogues. Understanding these dynamics is essential for policymakers and analysts 
alike as they navigate the complexities of nuclear deterrence and strive for stability in an 
increasingly multipolar world. 
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Revisiting China's Nuclear Doctrine: Evolving Strategies 
and Global Implications 
Since its first detonation of a nuclear device in 1964, China has articulated a distinct and 
consistent nuclear doctrine, emphasizing a defensive posture rooted in a policy of "no 
first use" of nuclear weapons. This doctrine, re-affirmed in China's 2023 national defense 
policy, asserts that China will never initiate a nuclear attack under any circumstances 
and explicitly avoids a nuclear arms race. This paper delves deeply into the complexities 
and implications of China's stated policies, examining the nuances of its nuclear strategy, 
the evolution of its military capabilities, and the broader geopolitical ramifications. 

China's Declaratory Nuclear Policy 
In its 2023 defense policy, China has reasserted its longstanding stance on nuclear 
weapons, committing to a no-first-use policy and promising not to threaten non-nuclear-
weapon states or nuclear-weapon-free zones with nuclear arms. This policy positions 
China as a responsible nuclear power, ostensibly committed to maintaining its nuclear 
capabilities at the minimal level necessary for national security. However, China has not 
explicitly defined what it considers the "minimum" necessary capability, nor has it 
outlined what constitutes participation in a nuclear arms race. These ambiguities allow 
China substantial leeway to expand its nuclear arsenal under the guise of maintaining a 
minimum deterrent capability. 

Strategic Adaptations and Capabilities 
China's nuclear strategy is not static; it adapts to the shifting global strategic 
environment. This includes the development of an "organic integration of nuclear 
counterattack capabilities and conventional strike capabilities," as noted by the China 
Aerospace Studies Institute in 2022. This approach suggests a blurred line between 
nuclear and conventional military strategies, aiming to enhance the survivability of its 
nuclear forces through various means, including the improvement of stealth capabilities 
and the advancement of space-based early warning systems. 

Readiness and Infrastructure 
The People's Liberation Army (PLA) maintains a "moderate" level of readiness for its 
nuclear forces, predominantly storing warheads in central and regional facilities. 
However, the 2023 Pentagon report indicates a mixed readiness posture, with some units 
prepared for rapid launch under heightened alert conditions. This readiness is 
complemented by ongoing infrastructure enhancements, such as the construction of 
new missile silo fields and the expansion of intercontinental ballistic missile (ICBM) 
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capabilities. These developments point towards a potential shift towards a launch-on-
warning (LOW) posture, which would significantly alter the current state of readiness and 
strategic response capabilities of China's nuclear forces. 

Training and Combat Readiness 
Recent developments have also emphasized the importance of combat readiness in 
China's nuclear strategy. Exercises simulating nuclear attack survival and the rapid 
launch of missiles post-attack are conducted regularly, indicating a rigorous training 
regimen aimed at ensuring the PLA can operate effectively under nuclear duress. These 
exercises are not only about maintaining technical proficiency but also about 
psychological preparedness for the realities of nuclear warfare. 

Corruption and Challenges in Military Readiness 
A 2024 U.S. intelligence assessment revealed concerns about corruption within the PLA, 
specifically impacting the Rocket Force's capabilities. This internal challenge could 
undermine the effectiveness and reliability of China's nuclear forces, affecting command 
and control structures and potentially impacting strategic decisions regarding the arming 
and deployment of nuclear warheads during peacetime and heightened tensions. 

Crisis Management and Alert Postures 
China's nuclear forces undergo several stages of alert in response to varying levels of 
threat, with specific protocols for escalating or de-escalating nuclear readiness based on 
the perceived severity of the threat. These procedures are designed to ensure that China 
can respond decisively to any nuclear threat without prematurely escalating to nuclear 
use, thereby maintaining strategic stability. 

Infrastructure and Technological Advancements 
China continues to invest in technological advancements to enhance the capabilities 
and survivability of its nuclear forces. This includes the development of new missile silo 
complexes capable of housing solid-fuel ICBMs, which are quicker to launch compared 
to their liquid-fueled counterparts. The expansion of early-warning systems and the 
integration of space-based sensors are also critical components of China's evolving 
nuclear strategy, aimed at improving response times and decision-making accuracy in 
potential conflict scenarios. 

Implications of China's Nuclear Modernization 
The ongoing modernization of China's nuclear forces raises significant questions about 
the future of its no-first-use policy and its overall nuclear strategy. While official 
statements reiterate a commitment to defensive postures, the enhancements in missile 
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technology, early-warning systems, and strike capabilities suggest a potential shift 
towards a more assertive nuclear posture. This could alter China's strategic calculations 
and affect global nuclear stability, particularly in the context of regional tensions and 
rivalries. 

China's nuclear doctrine and policy are at a crossroads, influenced by both internal 
challenges and external strategic pressures. As it continues to modernize its nuclear 
arsenal and adapt its strategies, the international community must closely monitor these 
developments, which hold significant implications for global peace and security. 
Understanding the nuances and trajectories of China's nuclear policy will be crucial in 
managing future diplomatic engagements and maintaining strategic stability in the 
nuclear age. 
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The Expansive Modernization of China's Missile Arsenal: 
An In-Depth Analysis 
China’s strategic missile forces, under the umbrella of the People’s Liberation Army 
Rocket Force (PLARF), have undergone a remarkable transformation, reflecting Beijing's 
heightened emphasis on enhancing its nuclear deterrence capabilities. This extensive 
upgrade includes the construction of new missile silos, expansion of mobile missile 
bases, and significant personnel changes within the PLARF leadership, underscoring a 
broad and dynamic strategy aimed at bolstering national security. 

Modernization of Land-Based Ballistic Missiles 
The PLARF, headquartered in Beijing, is central to China's strategic missile operations. As 
of recent estimates, the force manages approximately 350 launchers capable of 
delivering nuclear warheads. Notably, about 135 of these have the range to reach the 
continental United States. Despite such capabilities, a majority of China's ballistic 
missile inventory is designed for shorter-range regional operations, with only a fraction 
assigned nuclear missions. 

A major component of the modernization effort is the construction of approximately 350 
new missile silos across China. This development significantly expands China’s 
capability to launch nuclear weapons, potentially altering regional power dynamics and 
global nuclear deterrence landscapes. Moreover, the construction of new bases for road-
mobile missile launchers enhances the PLARF’s operational flexibility and survivability, 
making it more difficult for adversaries to neutralize China's nuclear forces in a 
preemptive strike. 
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Image: Chinese Missile Brigates 2024 – Copyright debuglies.com  
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Table . Chinese missile brigades, 2024a. 
Base Number 
(Provinces) 

Unit Locationb Weapon 
Typec 

Nu
cle
ar 
rol
e 

Notes 

PLARF HQ 
 

Beijing 
(40.0352, 
116.3197) 

   

Base 61 
(Anhui, Fujian, 
Guangdong, Jiangxi, 
Zhejiang) 

HQ Huangshan 
(29.6956, 
118.2997) 

   

 
611 
Briga
de 

Qingyang 
(30.6903, 
117.9011) 

DF-26 Yes Previously with 
DF-21A. 

 
612 
Briga
de 

Leping 
(28.9797, 
117.1205) 

DF-21A 
(DF-
31AG?)d 

Yes Possibly 
upgrading to DF-
31AG.  

613 
Briga
de 

Shangrao 
(28.4745, 
117.8954) 

DF-15B 
(DF-17?)e 

No Possibly 
upgrading to new 
missile.  

614 
Briga
de 

Yongan 
(26.0596, 
117.3151) 

DF- 17f No First DF-17 
brigade. 

 
615 
Briga
de 

Meizhou 
(24.2828, 
115.9708) 

DF-11Ag No 
 

 
616 
Briga
de 

Ganzhou 
(25.8992, 
114.9587) 

DF-17h No New base added 
since 2020.i 

 
617 
Briga
de 

Jinhua (29.1508, 
119.6153) 

DF-16j No Second DF-16 
brigade. 

618 Brigade 
Nanchang (28.5004, 
115.9214)? 

(GLC
M?) 

No 
   

Base 62k (Guangxi, 
Guangdong, 
Hainan, Sichuan, 
Yunnan) 

HQ Kunming 
(24.9888, 
102.8346) 

  
Base expansion 
underway. 

 
621 
Briga
de 

Yibin (28.7607, 
104.7914) 

DF-31AG Yes Upgraded from 
DF-21A. 
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622 
Briga
de 

Yuxi (24.3601, 
102.4942) 

DF-31A Yes Former DF-21A 
brigade. 

 
623 
Briga
de 

Liuzhou 
(24.3856, 
109.5726) 

DF-10A No First DF-10A 
brigade. 

 
624 
Briga
de 

Danzhou 
(19.4721, 
109.4570) 

DF-21D No Possibly 
upgrading to new 
missile.  

625 
Briga
de 

Jianshui 
(23.7354, 
102.8713) 

DF-26 Yes Possibly second 
DF-26 brigade. 

 
626 
Briga
de 

Qingyuan 
(23.6845, 
113.1768) 

DF-26l Yes Possible third DF-
26 brigade. 

 
627 
Briga
de 

Puning 
(23.4122, 
116.1816) 

DF-17m No Base expansion 
underway. 

Base 63 (Huaihua, 
Hubei, Hunan) 

HQ Huaihua 
(27.5747, 
110.0250) 

   

 
631 
Briga
de  

Jingzhou 
(26.5783, 
109.6703) 

DF-5B 
(DF-5C?) 

Yes 6 silos, adding 6 
more plus 
training.n  

632 
Briga
de 

Shaoyang 
(27.2532, 
111.3859) 

DF-31AG Yes Upgraded from 
DF-31. 

 
633 
Briga
de 

Huitong 
(26.8935, 
109.7388) 

DF-5A Yes 6 silos.o 

 
634 
Briga
de 

Yueyang 
(29.5882, 
113.6632)p 

(DF-5C?) (Ye
s) 

New 12-silo field 
under 
construction.  

635 
Briga
de 

Yichun 
(27.8869, 
114.3862) 

DF-17? No Previously DF-
10A. 

 
636 
Briga
de 

Shaoguan 
(24.7579, 
113.6797) 

DF-16A No First DF-16A 
brigade. 

Base 64 (Gansu, 
Inner Mongolia, 
Ningxia, Qinghai, 
Shaanxi, 
Xinjiang) 

HQ Lanzhou 
(35.9387, 
104.0159) 
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641 
Briga
de 

Hancheng 
(35.4754, 
110.4468) 

(DF-31AG 
or DF-41) 

(Ye
s) 

Upgrading from 
DF-31. 

  
Hancheng 
(35.3876, 
110.3745) 

(DF-
31AG) 

(Ye
s) 

New base for 641 
Brigade.q 

 
642 
Briga
de 

Datong 
(36.9495, 
101.6663) 

DF-31AGr Yes DF-31AG seen 
training in 2019. 

 
643 
Briga
de 

Tianshui 
(34.5315, 
105.9103) 

DF-31AG Yes First DF-31AG 
brigade. 

 
644 
Briga
de 

Hanzhong 
(33.1321, 
106.9361) 

DF-41 Yes First DF-41 
integration base.s 

 
645 
Briga
de 

Yinchuan 
(38.5919, 
106.2266) 

DF-31AG 
(DF-41?) 

Yes Possibly second 
DF-41 base. 

 
646 
Briga
de 

Korla (41.6946, 
86.1734) 

DF-26 Yes Previously with 
DF-21.t 

 
647 
Briga
de 

Xining (36.4444, 
101.5523)?u 

(DF-26?) (Ye
s) 

Rumored new 
brigade base. 

  
Zhangye 
(38.8552, 
100.3933)?v 

(DF-26?) (Ye
s) 

Possible 
alternative 
location.  

? 
Briga
de* 

Hami (42.2806, 
92.4959) 

(DF-
31A/DF-
41?) 

(Ye
s) 

120 missile silos. 

 
? 
Briga
de* 

Yumen 
(40.1449, 
96.5518) 

(DF-
31A/DF-
41?) 

(Ye
s) 

110 missile silos. 

Base 65 (Jilin, 
Liaoning, Shandong) 

HQ Shenyang 
(41.8586, 
123.4514) 

   

651 Brigade Chifeng 
(42.2574, 118.8249) 

651 
Briga
de  

Chifeng 
(42.2574, 
118.8249) 

(DF-31AG 
or DF-
41)w 

(Ye
s) 

New base, 
almost 
complete.  

652 
Briga
de 

Jilin (43.9362, 
126.4507)x 

(DF-31AG 
or DF-41) 

(Ye
s) 

New base under 
construction.  

  
Tonghua areay (DF-

31A?)z 
(Ye
s) 
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653 
Briga
de  

Laiwu (36.2332, 
117.7154) 

DF-21D No Possibly 
upgrading to new 
missile.  

654 
Briga
de   

Dengshahe 
(39.3028, 
122.0654) 

DF-26aa Yes 
 

  
Dengshahe 
(39.2353, 
122.0440) 

(DF-26) (Ye
s) 

New base 
construction 
paused.   

Huangling 
(40.8452, 
122.7682)?bb  

(DF-26) (Ye
s) 

Rumored new 
brigade base 
location.  

655 
Briga
de 

Tonghua 
(41.6681, 
125.9548) 

(DF-17) No Base upgrade 
underway. 

 
656 
Briga
de 

Laiwu/Taian 
(36.246, 
117.65326)cc 

(CJ-100)? No Rumored first CJ-
100 brigade. 

 
657 
Briga
de 

? ? ? Rumored new 
base. 

 
? 
Briga
de* 

Yulin (Ordos) 
(40.1597, 
108.1113) 

(DF-
31A/DF-
41?) 

(Ye
s) 

90 missile silos. 

 
HQ Luoyang 

(34.6405, 
112.3823) 

  
HQ base.dd 

Base 66 (Henan) 661 
Briga
de 

Lushi (34.5165, 
110.8620)ee 

DF-5B Yes 6 silos. 

 
662 
Briga
de 

Luanchuan 
(33.7927, 
111.5899)ff 

(DF-5C?) (Ye
s) 

New 12-silo field 
under 
construction.gg  

663 
Briga
de 

Nanyang 
(33.0117, 
112.4145) 

DF-31A Yes First DF-31A 
brigade. 

 
664 
Briga
de 

 Xiangyang 
(31.9443, 
112.1197)hh 

DF-31AG Yes 
 

 
665 
Briga
de 

Changzhi 
(36.2580, 
113.1785)ii 

(DF-26?) (Ye
s) 

New brigade 
base.jj 

 
666 
Briga
de 

Xinyang 
(32.1675, 
114.1257) 

DF-26 Yes First DF-26 
brigade base. 
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66? 
Briga
de  

Sanmenxia 
(34.7294, 
111.1773) 

Unknown
kk 

? New base under 
construction.ll 

Total: 45 
Briga
des 

  
~30 

 

Base 67 (Shaanxi) Central nuclear weapons storage complex. Headquartered in 
Baoji city. Responsible for storing and handling nuclear 
warheads at nearby underground storage facility as well as 
smaller regional storage sites located in each regional base 
area. 

aThis table is based on: US Department of Defense, Office of the Secretary of Defense, Military and Security 
Developments Involving the People’s Republic of China, October 19, 2023 (and previous years), 
https://media.defense.gov/2023/Oct/19/2003323409/-1/-1/1/2023-MILITARY-AND-SECURITY- 
DEVELOPMENTS-INVOLVING-THE-PEOPLES-REPUBLIC-OF-CHINA.PDF; Decker Eveleth, People’s 
Liberation Army Rocket Force Order of Battle 2023, Middlebury Institute of International Studies at 
Monterey, June 2023, https://nonproliferation.org/wp-content/uploads/2023/07/peoples_liberation_ 
army_rocket_force_order_of_battle_2023.pdf; Ma Xiu, PLA Rocket Force Organization, CASI, October 
2022, https://www.airuniversity.af.edu/Portals/ 10/CASI/documents/Research/PLARF/2022-10-
24%20PLARF%20Organization.pdf; Mark Stokes, PLA Rocket Force Leadership and Unit Reference, Project 
2049 Institute, April 9, 2018; P.W. Singer and Ma Xiu, “China’s missile force is growing at an unprecedented 
rate,” Popular Science, February 25, 2020; individual researchers such as Ben Reuter, Vinayak Bhat, and 
others who prefer to remain autonomous; and these authors’ observations and estimates. The table is a 
work in progress and is updated as new information becomes available. 
bEach brigade has several launch battalions (up to six) and support units located in the region. Question 
mark indicates unknown or uncertain location. In addition, PLARF operates several training areas, such as 
Jilantai and Haixi/DaQaidam, where launch units visit to exercise or integrate new equipment. 
cMissiles in parenthesis indicate additional uncertainty or upgrade. 
dPossibly upgraded to DF-31AG. Ma Xiu, PLA Rocket Force Organization, CASI, October 2022, p. 62. 
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-
24%20PLARF%20Organization.pdf 
Conversion will require significant upgrade of base infrastructure, but visible construction appears limited. 
Until recently brigade was thought to have DF-21A (seen in 2021). Decker Eveleth, 
https://twitter.com/dex_eve/status/1355210408831795200 
ePossible conversion to unidentified system in 2021. Ma Xiu, PLA Rocket Force Organization, CASI, October 
2022, p. 63. https://www.airuniversity.af.edu/Portals/ 10/CASI/documents/Research/PLARF/2022-10-
24%20PLARF%20Organization.pdf. Possible DF-21 TELs seen in 2022. 
The 613 Brigade conducted missile test launches from Jilantai in August 2021 to a range of approximately 
1,400 kilometers, significantly longer than the 800-km range of the DF-15B the brigade is normally 
associated with. “Uncovering the truth Behind the PLA Rocket Force’s August 2021 Missile Launch,” China 
Aerospace Studies Institute (CASI), Air University, Maxwell AFB, August 2021), 
https://www.airuniversity.af.edu/Portals/10/CASI/ documents/Research/CASI%20Articles/2021-08-
30%20PLARF%20missile%20test%20Aug%202021.pdf 
fProbably completed upgrading to DF-17 in 2022 with infrastructure upgrade. New garage complex added 
and DF-17 TELs visible. 
gA possible DF-17 TEL was seen in April 2022. 
hNew base under construction north of Ganzhou is larger and has highbay-garage seen at other bases 
upgrading to DF-17. 
iThe old 616 Brigade base with DF-15 is downtown Ganzhou (25.8337, 114.9098). 
jIn addition to DF-16, satellite photos occasionally show trucks that resemble DF-21C and DF-26, but they 
appear to be transporters. 
kBase 62 was previously an important nuclear DF-21 area. 

https://media.defense.gov/2023/Oct/19/2003323409/-1/-1/1/2023-MILITARY-AND-SECURITY-DEVELOPMENTS-INVOLVING-THE-PEOPLES-REPUBLIC-OF-CHINA.PDF
https://media.defense.gov/2023/Oct/19/2003323409/-1/-1/1/2023-MILITARY-AND-SECURITY-DEVELOPMENTS-INVOLVING-THE-PEOPLES-REPUBLIC-OF-CHINA.PDF
https://media.defense.gov/2023/Oct/19/2003323409/-1/-1/1/2023-MILITARY-AND-SECURITY-DEVELOPMENTS-INVOLVING-THE-PEOPLES-REPUBLIC-OF-CHINA.PDF
https://media.defense.gov/2023/Oct/19/2003323409/-1/-1/1/2023-MILITARY-AND-SECURITY-DEVELOPMENTS-INVOLVING-THE-PEOPLES-REPUBLIC-OF-CHINA.PDF
https://media.defense.gov/2023/Oct/19/2003323409/-1/-1/1/2023-MILITARY-AND-SECURITY-DEVELOPMENTS-INVOLVING-THE-PEOPLES-REPUBLIC-OF-CHINA.PDF
https://nonproliferation.org/wp-content/uploads/2023/07/peoples_liberation_army_rocket_force_order_of_battle_2023.pdf
https://nonproliferation.org/wp-content/uploads/2023/07/peoples_liberation_army_rocket_force_order_of_battle_2023.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-24%2520PLARF%2520Organization.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-24%2520PLARF%2520Organization.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-24%2520PLARF%2520Organization.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-24%2520PLARF%2520Organization.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-24%2520PLARF%2520Organization.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-24%2520PLARF%2520Organization.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-24%2520PLARF%2520Organization.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-24%2520PLARF%2520Organization.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-24%2520PLARF%2520Organization.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-24%2520PLARF%2520Organization.pdf
https://twitter.com/dex_eve/status/1355210408831795200
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-24%2520PLARF%2520Organization.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-24%2520PLARF%2520Organization.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-24%2520PLARF%2520Organization.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/CASI%2520Articles/2021-08-30%2520PLARF%2520missile%2520test%2520Aug%25202021.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/CASI%2520Articles/2021-08-30%2520PLARF%2520missile%2520test%2520Aug%25202021.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/CASI%2520Articles/2021-08-30%2520PLARF%2520missile%2520test%2520Aug%25202021.pdf
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lIt is possible 626 Brigade operates the DF-26B anti-ship version. 
mAppears to have achieved operational capability with new highbay garage area. Two DF-17s seen on 
December 9, 2022. 
nThe brigade has 5-6 silos (plus possibly decoy silos) and an underground missile storage facility. 
oThe brigade has 5-6 silos plus possibly decoy silos. 
pThis location was first reported by Ben Reuter. Tweet, December 31, 2022, 
https://twitter.com/benreuter_IMINT/status/1609136561496461313 
qUnlike the old garrison that is located downtown Hencheng, the new garrison under construction south of 
the city has infrastructure similar to other Brigades equipped with the DF-31A/AG. 
rDF-31 launchers were displayed in June 2011. Hans M. Kristensen, “Chinese Mobile ICBMs Seen In Central 
China,” FAS Strategic Security Blog, March 1, 2012, https://fas.org/blogs/security/2012/03/df-
31deployment/. In June 2019, a possible DF-31AG was seen at the 642 Brigade launch unit training site at 
Haiyan. sDecker Eveleth, “China’s Mobile ICBM Brigades: The DF-31 and DF-41,” aboyandhis.blog, July 2, 
2020, https://www.aboyandhis.blog/post/china-s-mobile-icbm- 
brigades-the-df-31-and-df-41 
tHans M. Kristensen, “China’s New DF-26 Missile Shows Up At Base In Eastern China,” FAS Strategic 
Security Blog, January 21, 2019, https://fas.org/blogs/security/ 2020/01/df-26deployment/ 
uThe location of 647 Brigade is unconfirmed. One source says it is “located in the western Chinese city of 
Xining,” but the suggested facility does not resemble a PLARF brigade base. Ma Xiu, PLA Rocket Force 
Organization, CASI, October 2022, p. 131, https://www.airuniversity.af.edu/Portals/10/CASI/documents/ 
Research/PLARF/2022-10-24%20PLARF%20Organization.pdf. Location listed in this table was suggested 
by Ben Reuter. DOD only lists one PLARF base in this area (presumably 642 Brigade). 
vThis base is under expansion with new highbay garages that could potentially indicate DF-26, but weapon 
system remains unconfirmed. Location suggested by Ben Reuter. 
wA video in late-2021 showed what appeared to be inspection of a possible DF-41 TEL. Roderick Lee, tweet, 
December 28, 2021, https://twitter.com/roderick_s_ lee/status/1475885536254599172 
xFirst reported by Twitter account @pir34 on May 14, 2022, 
https://twitter.com/pir34/status/1525473049297952769. Location for 652 Brigade was previously rumored 
as Tonghua area. DOD does not list a PLARF base in Jilin but two in Tonghua (possibly 652 and 655). 
yThe 652 Brigade has long been reported to be in the Tongdao area and DF-31A launchers seen training. 
DOD reports two PLARF brigades in this area. 
zRumored to have been upgraded from DF-21C to DF-31/A. DF-31s have been seen training at launch unit 
site in 2016 (http://news.cntv.cn/2016/02/03/ VIDEW2FtUUbzNYs7rBJ7kItH160203.shtml) and 2020 
(https://new.qq.com/omn/20200206/20200206A0JEZ000.html). However, despite large highbay garage 
added, base lacks TEL garages seen at other DF-31 bases. 
aaHans M. Kristensen, “China’s New DF-26 Missile Shows Up At Base In Eastern China,” FAS Strategic 
Security Blog, January 21, 2019, https://fas.org/blogs/ security/2020/01/df-26deployment/. Dengshahe 
upgraded from DF-3A to DF-21A in 2014. Hans M. Kristensen, “Chinese Nuclear Missile Upgrade Near 
Dalian,” 
FAS Strategic Security Blog, May 21, 2014, https://fas.org/blogs/security/2014/05/dengshaheupgrade/ 
bb Rumored new location first suggested by Ben Reuter and listed by Decker Eveleth in 2023. DOD does not 
list a PLARF brigade base in this area but continues to list one in the Dengshahe area and added a second 
PLARF base north of Dalian. 
ccLocation highly uncertain. 656 Brigade is rumored in Laiwu to the east, which already has 653 Brigade. 
ddThe brigade probably has 4-5 silos plus possibly decoy silos. 
eeSome place 661 Brigade HQ in Lingbao to the north (34.5166, 110.8619), which might be training unit. 
ffPotential silos are located around Shecunzhen to the east. 
ggMajor HQ upgrade began in 2020 and finished in 2022. 
hh664 Brigade is sometimes said to be located in Luoyang (34.5966, 112.4386), but that facility appears to 
be a rail transfer point without the infrastructure normally associated with a TEL brigade base. Instead, 
Xingyan was rumored as in 2021 to be the new 664 Brigade area. @ljsxank, tweet March 3, 2021, https:// 
twitter.com/ljsxank/status/1367307966794190856. This is still unconfirmed. 
iiDOD indicate a PLARF brigade base in Weihui. A large new base was completed there in 2022 with 
infrastructure that could potentially indicate DF-26. jjChanzhi was rumored in 2021 to be new location for 

https://twitter.com/benreuter_IMINT/status/1609136561496461313
https://fas.org/blogs/security/2012/03/df-31deployment/
https://fas.org/blogs/security/2012/03/df-31deployment/
https://fas.org/blogs/security/2012/03/df-31deployment/
https://www.aboyandhis.blog/post/china-s-mobile-icbm-brigades-the-df-31-and-df-41
https://www.aboyandhis.blog/post/china-s-mobile-icbm-brigades-the-df-31-and-df-41
https://fas.org/blogs/security/2020/01/df-26deployment/
https://fas.org/blogs/security/2020/01/df-26deployment/
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-24%2520PLARF%2520Organization.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-24%2520PLARF%2520Organization.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-24%2520PLARF%2520Organization.pdf
https://www.airuniversity.af.edu/Portals/10/CASI/documents/Research/PLARF/2022-10-24%2520PLARF%2520Organization.pdf
https://twitter.com/roderick_s_lee/status/1475885536254599172
https://twitter.com/roderick_s_lee/status/1475885536254599172
https://twitter.com/pir34/status/1525473049297952769
https://twitter.com/pir34/status/1525473049297952769
https://twitter.com/pir34/status/1525473049297952769
http://news.cntv.cn/2016/02/03/VIDEW2FtUUbzNYs7rBJ7kItH160203.shtml
http://news.cntv.cn/2016/02/03/VIDEW2FtUUbzNYs7rBJ7kItH160203.shtml
http://news.cntv.cn/2016/02/03/VIDEW2FtUUbzNYs7rBJ7kItH160203.shtml
https://new.qq.com/omn/20200206/20200206A0JEZ000.html
https://fas.org/blogs/security/2020/01/df-26deployment/
https://fas.org/blogs/security/2020/01/df-26deployment/
https://fas.org/blogs/security/2020/01/df-26deployment/
https://fas.org/blogs/security/2020/01/df-26deployment/
https://fas.org/blogs/security/2020/01/df-26deployment/
https://twitter.com/ljsxank/status/1367307966794190856
https://twitter.com/ljsxank/status/1367307966794190856
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665 Base. @ljsxank, tweet February 11, 2021, https://twitter.com/ljsxank/status/1359757617107591169. 
kkThe base includes a large highbay building and two rows of 20-meter deep garages that could potentially 
fit DF-26 TELs but the layout doesn’t match other 
DF-26 bases. 
llThe base is located near the 661 Brigade area and could potentially be part of that unit. 
 

  

https://twitter.com/ljsxank/status/1359757617107591169
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Leadership and Organizational Changes 
In July 2023, the PLARF saw a sweeping leadership overhaul following an anti-corruption 
probe that led to the dismissal of several senior officers, including the commander and 
political commissar.  

These positions were filled by high-ranking officials from other branches of the People’s 
Liberation Army, specifically the Navy (PLAN) and the Air Force (PLAAF). This cross-
branch appointment suggests an effort to foster greater integration and joint capabilities 
among China’s military branches, reflecting a strategic pivot that might influence future 
military and strategic policies. 

Operational Structure and Expansions 
The operational architecture of the PLARF is built around nine numbered bases, which 
manage various facets of China’s missile strategy. These include bases dedicated to 
missile operations, overseeing the nuclear stockpile, infrastructure maintenance, and 
training.  

Each operational missile base oversees six to eight missile brigades, which are equipped 
based on the missile type they are designated to launch. This structured deployment 
facilitates a robust and responsive missile force capable of addressing a range of 
strategic demands. 

Intercontinental Ballistic Missiles and Silo Construction 
China’s capabilities in intercontinental ballistic missiles (ICBMs) have also seen a 
significant boost, with current estimates pointing to the operation of about 134 ICBMs, 
capable of delivering close to 240 nuclear warheads across continents.  

The expansion includes the construction of approximately 320 new missile silos in 
northern China and an additional 30 in central-eastern mountainous regions. This 
strategic positioning deep within Chinese territory places these assets well beyond the 
effective reach of U.S. conventional and nuclear strike capabilities. 

Throughout their construction, these silos were shielded with inflatable air domes to 
prevent environmental damage and to obscure visibility from satellite surveillance. By the 
end of 2022, these protections were removed, marking the completion of what appears 
to be the most sensitive phases of their construction. The strategic layout of these silos, 
often in a triangular grid pattern, enhances their defensive capabilities, complicating 
potential enemy attack plans. 

The ongoing and expansive modernization of China’s land-based ballistic missile force is 
a clear indicator of its strategic priorities and security policies aimed at maintaining and 
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enhancing its position as a key nuclear power. Through these developments, China not 
only aims to secure its national defense but also to assert its influence in regional and 
global geopolitics, reshaping the dynamics of international military and strategic 
relations.  

The implications of these advancements are profound, potentially altering the strategic 
calculus of other global powers and contributing to a new era of defense strategy and 
power balancing in the international arena. 
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Strategic Expansion in China's Missile Capabilities: A 
Deep Dive into the Yumen, Hami, and Yulin Silo Fields 
As China continues to bolster its strategic missile capabilities, the construction and 
operational readiness of silo fields such as Yumen, Hami, and Yulin are pivotal in 
understanding the scope and scale of its military ambitions. These fields, integral to the 
expansion of China's nuclear arsenal, underscore the strategic importance of land-based 
missile deterrence in contemporary global military dynamics. 

Yumen Silo Field: A Vanguard in Missile Readiness 
Located in Gansu province within the western military district, the Yumen silo field covers 
an extensive area of approximately 1,110 square kilometers, secured by a perimeter 
fence that encircles the entire complex. The field boasts 120 missile silos, each 
potentially capable of housing intercontinental ballistic missiles (ICBMs) that enhance 
China's strategic reach. 

The infrastructure at Yumen is robust, featuring over five launch control centers that 
manage the operations of these silos through a network of underground cables. This 
setup not only ensures operational efficiency but also enhances the security of missile 
deployment capabilities. Additionally, the complex is fortified with numerous supporting 
structures, including security gates, 23 support facilities, around 20 surveillance towers, 
and air and missile defense platforms positioned strategically around the site's 
perimeter. 

The construction of the Yumen field began in March 2020, with significant milestones 
reached swiftly, as evidenced by the removal of the last inflatable shelter in February 
2022—a sign that the most sensitive phases of construction were completed. The 
discovery and subsequent monitoring of this site were notably reported by Decker 
Eveleth in 2021, highlighting its strategic significance and advanced development stage 
compared to other sites. 

Hami Silo Field: Emerging Capabilities in Eastern Xinjiang 
Parallel in size to Yumen, the Hami silo field in Eastern Xinjiang covers about 1,028 square 
kilometers. Despite its similar scale, Hami's developmental pace is slightly more gradual, 
with construction having commenced a year later, in March 2021. This field includes 110 
missile silos and is characterized by a sophisticated security setup that includes multiple 
gates and surveillance towers, mirroring the defensive architecture seen in Yumen. 

The Hami field also features unique infrastructure components such as raised square 
platforms for air-defense operations and a separate complex, approximately 10 
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kilometers from the main area, potentially designed for warhead storage. This complex 
includes tunnels that could serve crucial strategic functions in missile operations. The 
field’s progress was notably detailed by Matt Korda in 2021, and the final removal of 
inflatable domes occurred in August 2022, indicating nearing operational readiness. 

 

Image: Satellite imagery showing the location of missile silos (red circles), security 
gates and support facilities (yellow squares), and surveillance towers (orange circles) of 
the Hami field in Xinjiang, China. – copyright debuglies.com 

Yulin Silo Field: Strategic Layout and Construction Nuances 
The Yulin silo field, although smaller, covering 832 square kilometers near Hanggin 
Banner west of Ordos, plays a no less critical role in China’s missile strategy. Housing 90 
missile silos, Yulin's layout is distinct from its counterparts, featuring a less regimented, 
more dispersed arrangement that could potentially complicate preemptive targeting by 
adversaries. 

Unlike Yumen and Hami, Yulin's perimeter does not yet feature extensive fencing, 
suggesting a different phase or approach in its developmental timeline. The silos at Yulin 
are unique, not just in their layout but also in the shape of their construction domes, 
which are round as opposed to the rectangular forms observed in the other fields. This 
variation could reflect logistical adaptations or experimental construction techniques 
being tested at the site. 

Construction at Yulin began shortly after Hami, around April or May 2021, with the site 
first being brought to international attention by Roderick Lee in 2021. The architectural 
and operational nuances of Yulin, alongside its strategic placement and infrastructure, 
mark it as a critical element of China's broader missile defense strategy. 
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The development and operationalization of the Yumen, Hami, and Yulin silo fields are 
indicative of China’s strategic ambitions to enhance its nuclear deterrence and missile 
capabilities. Each field, with its unique characteristics and state of readiness, 
contributes to a complex mosaic of military readiness that supports China’s strategic 
objectives on the global stage. These developments not only signify a shift in the regional 
power dynamics but also pose new challenges for global security architectures, 
reshaping the contours of international military and strategic relations in the 21st 
century. 
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Strategic Expansion: An In-Depth Analysis of China's 
Growing ICBM Capabilities 
China's military expansion has taken a significant leap with the construction of new 
Intercontinental Ballistic Missile (ICBM) silos across multiple locations, indicating a 
strategic shift in its nuclear posture. Recent discoveries and ongoing constructions shed 
light on China's ambitious plans to enhance its nuclear deterrent capabilities, posing 
new challenges to global security dynamics. 

Expansion of China's ICBM Silos 
The latest reports indicate that China is constructing 320 new silos for solid-fueled ICBMs 
across the three fields of Yumen, Hami, and Yulin. This expansion excludes approximately 
15 training silos at the Jilantai site. The scope of this construction suggests an 
unprecedented scale in the modernization of China's nuclear forces. 

Solid-Fueled ICBMs: Yumen, Hami, and Yulin Developments 
These three fields represent the focal points of China's new strategic missile capabilities. 
The development of these sites is pivotal, as solid-fueled ICBMs are quicker to deploy 
compared to their liquid-fueled counterparts, offering a significant strategic advantage in 
terms of readiness and response time. 

Liquid-Fueled ICBMs: Enhancements and Additions 
Concurrently, China is upgrading its existing infrastructure for the liquid-fueled DF-5 
ICBM. This includes doubling the number of silos in at least two existing DF-5 brigades 
and adding two new brigades, each equipped with 12 silos. Upon completion, the 
number of DF-5 silos will increase from 18 to 48, significantly bolstering the missile's 
deployment capabilities. 

Comparative Analysis: China vs. Global Nuclear Powers 
The construction of 350 new silos by China not only surpasses the number operated by 
Russia but also represents approximately three-quarters the size of the entire U.S. ICBM 
force. This strategic move by China signals a major shift in the global nuclear balance, 
underscoring the rapid enhancement of its military capabilities. 

Current Operational Status of Chinese ICBMs 
Despite the ongoing expansions, there remains uncertainty regarding the total number of 
operational ICBMs China currently possesses. According to the U.S. Department of 
Defense's 2023 report, as of October 2023, China maintained 500 ICBM launchers with 
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350 missiles. This represents a significant increase from the 300 launchers reported at 
the end of 2021, suggesting a swift progression in China's missile deployment strategy. 

Satellite Imagery and Construction Timelines 
Analysis of satellite imagery confirms that construction is still ongoing at all three fields, 
with full operational capability several years away. These sites are critical to 
understanding the pace and scale of China's nuclear modernization efforts. 

Future Projections: Warhead Capacity and Missile Deployment 
If each new silo is to be equipped with a single-warhead DF-31-class ICBM, the potential 
number of warheads in China’s arsenal could reach 648 during the 2030s, more than 
doubling the current capacity. Alternatively, if these silos were to deploy DF-41 ICBMs, 
each capable of carrying up to three warheads, the active warhead count could exceed 
1,200. The specific deployment strategy, however, remains speculative. 

Impact on Global Security and U.S. Military Strategy 
The expansion of China’s ICBM forces is likely to alter U.S. strategic planning significantly. 
With the increased number of silos, the U.S. would need to reassess its nuclear and 
conventional strike plans. The sheer volume of potential targets complicates the U.S. 
ability to effectively neutralize Chinese nuclear capabilities in a conflict scenario, thereby 
enhancing China’s deterrence posture. 

Ongoing Developments and Strategic Implications 
As construction progresses, the strategic implications of China's expanded ICBM 
capabilities continue to unfold. This expansion not only enhances China's ability to deter 
adversaries but also affects the strategic calculations of other global powers, particularly 
the United States. The developments signify a pivotal shift in global power dynamics, 
emphasizing the need for vigilant monitoring and strategic reassessment by China’s 
rivals. 

China's significant investment in expanding its ICBM silos reflects a strategic intent to 
strengthen its nuclear deterrent capabilities. This development has profound 
implications for global security and power equilibrium, demanding a reevaluation of 
military strategies by major global powers. As China continues to modernize its military 
capabilities, the international community must remain alert to the evolving landscape of 
global security threats. 



 

  
COPYRIGHT DEBUGLIESINTEL.COM UPDATE : 12/2024 – VER. 1.1 

 

156 2024 – Nuclear Dilemma 

Reorganization and Expansion of China’s Missile Brigades 
The rapid expansion of China's ICBM silos poses significant questions regarding the 
future structure of its missile forces. Traditionally, Chinese ICBM missile brigades 
manage between six to twelve launchers. However, with the construction of extensive 
new missile silo fields at Yumen, Hami, and Yulin, there is speculation among analysts 
about the potential reorganization of these units. Some suggest that each new missile 
silo field might represent a single brigade, while others believe this expansion could lead 
to the formation of new People's Liberation Army Rocket Force (PLARF) "Bases," each 
encompassing several brigades. This would mark a significant organizational change, the 
first of its kind in over five decades. 

Currently, the Pentagon's 2023 report identifies the Hami and Yumen missile silo fields 
under the designation "Missile Brigades" within the Western Theater, organized under 
Base 64. Meanwhile, the Yulin missile silo field is recognized as a "Missile Brigade" in the 
Northern Theater, under Base 65. This reorganization underscores the strategic 
importance of these new silo fields in China's military architecture. 

Strategic Implications of New Silo Constructions 
The construction of missile silos on such a scale is a notable shift in China's nuclear 
strategy. This development is driven by multiple strategic and operational objectives. 
Among these are enhancing the survivability of China's nuclear forces against a first 
strike, negating the impact of adversary missile defenses, and achieving a better balance 
between mobile and silo-based ICBMs. Furthermore, these efforts are aimed at 
increasing China’s nuclear readiness and overall strike capabilities in response to 
advancements in the nuclear arsenals of the United States, Russia, and India. This 
expansion not only bolsters China's position as a world-class military power but also 
enhances its national prestige. 

Evolution and Capabilities of the DF-5 Series 
The DF-5 series, particularly the DF-5A (CSS-4 Mod 2) and the MIRV-equipped DF-5B 
(CSS-4 Mod 3), represents a critical component of China’s silo-based ICBM forces. Since 
2020, the Pentagon has reported that the DF-5B is capable of carrying up to five Multiple 
Independently targetable Re-entry Vehicles (MIRVs). It is estimated that two-thirds of the 
DF-5s are currently equipped to carry MIRVs. The 2023 report further suggests the fielding 
of a third variant, the DF-5C, which features a "multi-megaton yield" warhead, indicating 
a significant enhancement in China's nuclear warhead capabilities. Additionally, there 
are indications that an upgrade to the DF-5B is likely underway, which could further 
augment its operational effectiveness. 
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Advancements in the DF-31 Series 
The evolution of China's road-mobile ICBMs, particularly the DF-31 series, highlights 
significant advancements in range and maneuverability. The original DF-31 (CSS-10 Mod 
1), introduced in 2006, had a range insufficient to reach the continental United States. 
Subsequent versions, including the DF-31A and DF-31AG, have extended ranges and 
improved capabilities, making them capable of reaching most of the continental United 
States. The DF-31A (CSS-10 Mod 2), for example, has an extended range of 11,200 
kilometers. Initially, each DF-31A brigade operated only six launchers, but recent 
upgrades have doubled this capacity to 12 launchers per brigade. It is now estimated that 
China deploys about 24 DF-31As across two brigades, reflecting a significant 
enhancement in its mobile ICBM forces. 

MIRV Capability and Strategic Uncertainties in China’s ICBM 
Development 
In recent testimonies and reports, conflicting views have emerged regarding the MIRV 
capabilities of China's ICBM systems, particularly the DF-31A. During his March 2023 
testimony before Congress, US STRATCOM Commander Gen. Cotton indicated that the 
DF-31A could potentially carry multiple independently targetable re-entry vehicles 
(MIRVs). This assertion diverges significantly from previous assessments by NASIC in 
2020, which stated that the DF-31As are equipped with only one warhead per missile. 
Furthermore, the Pentagon's 2022 annual report on China identified the DF-41 as the first 
of China's road-mobile and silo-based ICBMs with MIRV capability, implicitly suggesting 
that the DF-31A lacks such capability. This discrepancy raises questions about whether 
there has been an update in intelligence, a misstatement by the STRATCOM commander, 
or differing assumptions within the U.S. intelligence community. 

Technical Challenges and Assumptions 
The possibility of the DF-31A being MIRV-capable introduces significant technical 
challenges, primarily concerning the design of a smaller-diameter MIRV warhead that 
would fit the missile. Additionally, adding multiple warheads to the DF-31A would likely 
decrease its range due to increased payload weight, affecting its strategic utility. Given 
these complexities and without further definitive information, it is prudent to maintain 
the assumption that the DF-31A is deployed with a single warhead. 

Speculation on the DF-31B Variant 
Amid these discussions, there have also been speculations in Chinese media about the 
development of a DF-31B variant. However, details about this system remain scant, and 
it was notably absent from the Pentagon’s 2023 report on China's military capabilities. 
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The lack of concrete information makes it difficult to assess the potential capabilities and 
strategic implications of the DF-31B. 

Modernization Efforts: The DF-31AG 
China's focus on modernizing its road-mobile ICBM arsenal has led to the development 
and deployment of the DF-31AG. This variant utilizes an eight-axle launcher with 
enhanced off-road capabilities, compared to the DF-31A’s launcher. The NASIC's 2020 
missile report did not specify the number of warheads per DF-31AG missile, labeling it as 
"UNK" (unknown), which suggests potential variability in its payload. Nevertheless, for 
reasons similar to those for the DF-31A, the current assumption is that the DF-31AG is 
also equipped with a single warhead. 

Expansion of Launch Capabilities and Introduction of Silo-Based 
Variants 
The Pentagon’s 2022 report highlighted an ongoing increase in the number of launchers 
within China's mobile ICBM units, with some brigades expanding from six to twelve 
launchers, while others have introduced bases with eight launchers. This expansion not 
only enhances the flexibility and survivability of China's nuclear forces but also reflects a 
significant investment in extending their operational capabilities. 

Moreover, the Pentagon’s 2023 report brought to light the possibility that China is 
currently deploying a silo-based version of the DF-31-class ICBMs, although the specific 
missile designation of this variant remains unknown. The development of a silo-based 
variant represents a strategic evolution in China’s ICBM deployment, potentially aimed at 
diversifying launch platforms and improving the resilience of its nuclear deterrent. 

The ongoing developments in China's ICBM program, characterized by the potential 
introduction of new variants and capabilities, continue to contribute to strategic 
ambiguities. The discrepancies in intelligence assessments and the lack of detailed 
information on certain variants like the DF-31B and silo-based DF-31 highlight the 
challenges faced by defense analysts and policymakers in understanding and responding 
to China’s strategic intentions. As China expands its ICBM capabilities, it is crucial for 
global security analysts to closely monitor these advancements and continually update 
strategic assessments based on the latest available information. 
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Advancements in China's ICBM Capabilities: The Emergence of the 
DF-41 and DF-27 Missiles 

The DF-41: A Strategic Leap in China's Nuclear Arsenal 
The introduction of the Dongfeng-41 (DF-41, CSS-20) represents a significant milestone 
in China's long-term strategic missile development program. This missile, which began 
development in the late 1990s, was showcased during China's 70th National Day parade 
in October 2019. Out of the eighteen DF-41s mobilized for the parade, sixteen were 
displayed, reportedly originating from two separate brigades. By April 2021, the DF-41 
had not only become operational but had also led to the establishment of at least two 
missile brigades. Subsequent developments indicate the completion of a third base, with 
several others being upgraded to accommodate the DF-41. Current estimates suggest 
that approximately 28 DF-41 launchers have been deployed across these bases. 

The DF-41 is believed to carry up to three MIRVs, enhancing China's second-strike 
capability significantly. While it remains uncertain whether all DF-41s will be equipped 
with MIRVs or if some will retain a single warhead configuration to maximize range, the 
flexibility of this missile system underscores its strategic importance. Additionally, 
beyond its road-mobile capabilities, there are indications that China is exploring other 
launch options for the DF-41, including rail-mobile and silo-based systems. The mention 
of "silo basing" in the Pentagon's 2023 report aligns with the development of new silo 
fields at locations such as Yumen, Hami, and Yulin, pointing to a diversification of launch 
platforms. 

The Enigmatic DF-27: Redundancy or Tactical Innovation? 
Parallel to the development of the DF-41, China is reportedly advancing the DF-27 (CSS-
X-24), a missile with an operational range between 5,000 and 8,000 kilometers. The 
strategic necessity of the DF-27 is somewhat ambiguous given that its range overlaps 
significantly with existing long-range ICBMs in China's arsenal. This redundancy has led 
to speculation that the DF-27 might be intended for conventional strike missions rather 
than nuclear ones. The Pentagon's latest report suggests that China could be exploring 
the development of conventionally-armed, intercontinental range missile systems, 
possibly referring to the DF-27. 

However, reporting on the DF-27 remains inconsistent. A U.S. intelligence assessment 
from February 2023 indicated that land attack and anti-ship variants of the DF-27 might 
have been deployed in limited numbers as early as 2022. Contradictorily, a May 2023 
report from the South China Morning Post, citing Chinese military sources, claimed that 
the DF-27 has been in operational service since 2019. Additionally, Chinese state media 
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broadcasts in June 2021 displayed what appeared to be a military exercise involving the 
DF-27, which notably featured a conical hypersonic glide vehicle (HGV) similar to that 
used with the DF-26. This similarity suggests a possible shared technology or design 
approach between the DF-27 and other Chinese missiles like the DF-17. 

Hypersonic Glide Vehicles: Enhancing Tactical Flexibility 
The integration of hypersonic glide vehicles into missiles like the DF-27 represents a 
pivotal advancement in missile technology. These HGVs, capable of maneuvering at high 
speeds with unpredictable trajectories, complicate missile defense strategies 
significantly. The February 2023 U.S. intelligence assessment highlighted a 
developmental flight test of a multirole HGV for the DF-27, which demonstrated 
substantial capabilities over a 12-minute flight covering roughly 2,100 kilometers. This 
test underscores the ongoing enhancements in China's missile technology, aiming to 
outpace current missile defense systems. 

As China continues to modernize its ICBM force with the integration of advanced systems 
like the DF-41 and potentially conventional roles for the DF-27, the strategic landscape 
of global missile defense and nuclear deterrence is undergoing significant shifts. The 
developments in China’s missile capabilities not only reflect its strategic ambitions to 
secure a robust deterrence but also its intent to position itself as a premier military power 
on the global stage. These advancements necessitate close monitoring and analysis to 
understand their implications fully and to anticipate the evolving dynamics of 
international security. 
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Emerging Threats: China's Development of Strategic 
Hypersonic and Orbital Systems 

China's Advanced Delivery Systems: A New Era in Strategic Weapons 
The Pentagon's 2023 report highlighted significant developments in China's strategic 
arsenal, noting that the country is likely advancing in the creation of sophisticated 
nuclear delivery systems. These systems include a strategic hypersonic glide vehicle 
(HGV) and a fractional orbital bombardment (FOB) system. These technologies represent 
a critical evolution in strategic military capabilities, potentially altering the dynamics of 
global missile defense and nuclear deterrence. 

Fractional Orbital Bombardment System: A Game Changer 
One of the most noteworthy advancements is the testing of a new FOB system equipped 
with a hypersonic glide vehicle. This system was tested in July 2021, marking a significant 
milestone as it showcased capabilities not previously demonstrated by other nuclear-
armed nations. The test achieved an unprecedented range and duration, with the system 
nearly completing a circumnavigation of the globe before approaching its target. It 
covered an approximate distance of 40,000 kilometers and maintained flight for over 100 
minutes, making it the longest and farthest flight of any Chinese land-attack weapon 
system to date. 

The operational implications of such a system are profound. An FOB system equipped 
with an HGV could theoretically orbit the Earth, releasing its payload with minimal 
detection, thereby complicating the efforts of existing missile defense systems. This 
capability to deliver strikes from space via an orbital path—bypassing traditional ballistic 
trajectories—presents a formidable challenge to current missile tracking and defense 
strategies. 

Hypersonic Glide Vehicles: Enhancing Strike Capabilities 
The integration of hypersonic glide vehicles into China's strategic arsenal enhances the 
lethality and unpredictability of its missile systems. HGVs are designed to travel at 
speeds exceeding Mach 5, with the ability to maneuver mid-flight, which significantly 
reduces the effectiveness of conventional missile defense systems. The development of 
these vehicles is part of a broader trend among major military powers to invest in 
hypersonic technology, given its potential to change the landscape of military 
engagements. 
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Strategic Implications and Global Security Concerns 
The Pentagon's assessment in 2023 suggests that China's developmental FOB system is 
primarily intended for a nuclear strike role. This aligns with China's broader strategic 
goals to strengthen its nuclear deterrence and project power on a global scale. However, 
the deployment of such advanced systems also raises significant security concerns, 
particularly in terms of arms control and the prevention of an arms race in space-based 
and hypersonic technologies. 

The advancement of these technologies likely aims not only at enhancing China's military 
capabilities but also at securing a strategic advantage where conventional defenses may 
be inadequate. As such, these developments warrant close observation and may 
necessitate a reevaluation of global strategic defense postures, particularly with respect 
to space and missile defense doctrines. 

The progression of China's strategic capabilities through the development of systems like 
the FOB and hypersonic glide vehicles underscores a pivotal shift in global military 
technology and strategy. These systems, capable of bypassing traditional defensive 
measures, could significantly alter the strategic balance, prompting adjustments in 
military strategy and international security frameworks. As China continues to expand its 
technological frontier, the implications for global security and stability remain a subject 
of intense scrutiny and strategic planning. 

 

  



 

  
COPYRIGHT DEBUGLIESINTEL.COM UPDATE : 12/2024 – VER. 1.1 

 

163 2024 – Nuclear Dilemma 

China's Evolving Ballistic Missile Strategy: The Shift from 
DF-21 to DF-26 
For decades, the DF-21 missile family was a cornerstone of China's regional deterrent 
capabilities, serving as the primary nuclear-capable system. However, recent 
developments indicate a strategic pivot in China's arsenal towards more versatile and 
longer-range systems, such as the DF-26 intermediate-range ballistic missile (IRBM), 
which now carries the mantle of regional nuclear deterrence. This chapter delves into the 
evolution of China's missile capabilities, focusing on the transition from DF-21 to DF-26, 
and discusses the implications of this shift on regional security dynamics. 

Historical Context of the DF-21 Missile 
The DF-21 (CSS-5 Mod 2) missile, a two-stage, solid-fuel, road-mobile medium-range 
ballistic missile (MRBM), has been a significant component of China’s military strategy. 
With an operational range of approximately 2,150 kilometers, it was capable of striking 
targets far beyond China's borders. Initially deployed in the late 20th century, the DF-21 
was primarily designed for regional deterrence, capable of delivering nuclear payloads. 

Since 2016, there has been a notable shift in the deployment of the DF-21 units. Several 
brigades equipped with the DF-21 have transitioned to newer missile systems like the DF-
26 IRBM and the DF-31AG intercontinental ballistic missile (ICBM). This transition marks 
a significant shift in China's strategic capabilities, indicating a move towards systems 
with greater range and versatility. 

The Rise of the DF-26 Missile 
The DF-26, known as the CSS-18, represents a newer generation of ballistic missiles with 
enhanced capabilities. It is a dual-capable system, meaning it can be equipped with 
either conventional or nuclear warheads. The missile is launched from a six-axle road-
mobile launcher, providing significant strategic mobility and flexibility. With a range of 
approximately 4,000 kilometers, the DF-26 can reach vital U.S. bases in Guam, extensive 
parts of Russia, and the entirety of India, making it a formidable tool in China's arsenal. 

Expansion of the DF-26 Force 
According to the Pentagon's 2023 report, the DF-26 force has seen substantial growth. 
From 16 to 30 launchers in 2018, the numbers have surged to 250 launchers with 500 
missiles by October 2023. It is estimated that about 216 launchers across six brigades 
are currently operational, with additional brigades in the process of upgrading to the DF-
26 system. 
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Dual-Capability and Strategic Flexibility 
The DF-26's ability to quickly switch between nuclear and conventional warheads 
provides China with significant strategic flexibility. This capability is critical in a region 
where the line between conventional and nuclear warfare can blur, increasing the risk of 
miscalculation in a crisis. The 646 Brigade at Korla, tasked with both nuclear and 
conventional missions, exemplifies this dual-capability, highlighting a strategic evolution 
in the deployment of China's missile forces. 

Implications for Regional Security 
The dual-capable nature of the DF-26 raises critical issues concerning command and 
control and the potential for misunderstandings during crises. For instance, launching a 
DF-26 with a conventional warhead against a U.S. base might be misinterpreted as a 
nuclear strike, leading to escalation or even preemptive nuclear retaliation. 

Furthermore, China's investment in "lower-yield, precision systems with theater ranges" 
suggests a strategic shift towards more usable nuclear options. This development could 
lead to changes in nuclear posture not only in China but also among other regional 
powers like India, Pakistan, and North Korea, who also field dual-capable missile 
systems. 

The transition from the DF-21 to the DF-26 in China's ballistic missile arsenal reflects 
broader trends in modern warfare, where flexibility, mobility, and precision are 
paramount. While the DF-26 enhances China's ability to project power and deter 
aggression, it also introduces complexities into the regional security environment, 
necessitating careful management to avoid miscalculations. As China continues to 
modernize its military capabilities, understanding the strategic implications of such 
developments becomes crucial for maintaining stability in the region. 
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China's Strategic Evolution in Submarine Capabilities: 
The Jin-class SSBNs and Beyond 
China's strategic submarine capabilities have seen significant evolution with the 
development of the Jin-class (Type 094) nuclear-powered ballistic missile submarines 
(SSBNs). These submarines play a critical role in China's second-strike nuclear 
capabilities, enhancing the country's nuclear deterrence posture. This chapter provides 
a comprehensive analysis of the operational capabilities, technological advancements, 
and strategic implications of China's Jin-class SSBNs, and explores the future trajectory 
of submarine development with the anticipated Type 096 SSBNs. 

Overview of China's Jin-Class Submarines 
The Jin-class SSBNs represent China's second-generation of nuclear-powered ballistic 
missile submarines. As of the latest assessments, China operates six of these 
submarines, stationed at the Yalong Naval Base near Longposan on Hainan Island. 
Notably, the two most recent additions to this class are believed to be advanced variants, 
referred to by some sources as Type 094A. These variants showcase a larger hump, which 
initially led to speculations about an increased missile capacity. However, it was later 
confirmed through satellite imagery that these submarines are equipped with 12 launch 
tubes each, the same as their predecessors. 

Technological Enhancements in the Jin-Class 
The advancements in the Jin-class submarines are not limited to increased missile 
capacity. The focus has largely been on enhancing stealth capabilities through improved 
sound silencing techniques. This development is crucial, considering the relatively higher 
noise levels of earlier Jin-class models compared to contemporary American and 
Russian SSBNs. These enhancements are vital for operational efficacy, especially in 
potential conflict scenarios where stealth is paramount. 

Armament and Capabilities 
The primary armament of the Jin-class submarines includes the JL-2 (CSS-N-14) 
submarine-launched ballistic missiles (SLBMs), which have a range of approximately 
7,200 kilometers. This range enables them to target locations such as Alaska, Guam, 
Hawaii, parts of Russia, and India from the South China Sea. More recently, there has 
been a transition towards equipping these submarines with the newer JL-3 (CSS-N-20) 
SLBMs, which boast a longer range of about 10,000 kilometers. This enhancement allows 
for the potential targeting of the northwestern continental United States directly from 
Chinese waters. 
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The JL-3 missiles are also reported to have capabilities for multiple independently 
targetable reentry vehicles (MIRVs), allowing a single missile to carry several warheads, 
each capable of being aimed at a different target. This capability represents a significant 
leap in threat dispersion and penetration ability against modern missile defense systems. 

Operational Tests and Developments 
The People's Liberation Army Navy (PLAN) conducted its first known test of the JL-3 
missile in November 2018, with subsequent tests following in the next years. These tests 
are critical in validating the operational readiness and reliability of the JL-3, marking a 
pivotal step in the modernization of China's strategic nuclear forces. 

Comparative Analysis with Global Standards 
Despite these advancements, the Jin-class SSBNs are still considered to be louder and 
thus more detectable than their counterparts in the United States and Russia. This 
detectability poses significant strategic challenges, as stealth is a critical element of 
effective deterrence and survivability in nuclear submarine operations. 

Future Developments: The Type 096 SSBN 
Looking forward, China is expected to shift its focus to the development of the third-
generation Type 096 SSBN. Initially scheduled for construction in the early 2020s, this 
new class of submarines is anticipated to incorporate advanced stealth technologies and 
possibly enhanced missile capacities. However, the Pentagon's latest report indicates 
continued production of Jin-class SSBNs, suggesting potential delays in the Type 096 
program. This continuation might be a strategic decision to maintain a credible deterrent 
force while addressing the challenges in advancing submarine technology. 

China's strategic submarine program, particularly through the Jin-class SSBNs, plays a 
crucial role in its national security and nuclear deterrence strategy. The ongoing 
enhancements and developments not only signify China's commitment to maintaining a 
credible second-strike capability but also highlight the challenges and complexities 
involved in modern submarine warfare. As China continues to develop its submarine 
fleet, the strategic balance in underwater warfare and global nuclear deterrence will 
invariably be influenced, underscoring the importance of continued monitoring and 
analysis of these critical developments. 
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Advanced Developments at Huludao: Indications of 
Type 096 SSBN Production 
The expansion of the submarine construction facilities at Huludao, a crucial site for the 
People's Liberation Army Navy's (PLAN) submarine production, marks a significant 
development in China's naval capabilities. Recent enhancements include the 
completion of a new construction hall, signaling imminent work on the anticipated Type 
096 SSBN. This next-generation submarine is expected to surpass the Type 094 in size 
and weight, hinting at more advanced operational capabilities. 

Satellite Imagery and Technological Expectations 
Satellite imagery analysis in 2020 and 2021 provided by H.I. Sutton, a renowned defense 
analyst, showed wider hull sections at the Huludao shipyard. This evidence suggests that 
China may have already commenced production of a larger submarine class. While it 
remains unconfirmed whether these sections belong to a new attack submarine or the 
larger Type 096 SSBN, the implications of either development are profound for global 
naval dynamics. 

The Type 096 is projected to be significantly quieter than its predecessors, potentially 
rivaling the stealth capabilities of Russia's Borei-class SSBNs. Such a development 
would represent a major technological leap for China, enhancing the stealth and 
survivability of its SSBN fleet. Unverified reports suggest that the Type 096 might be 
equipped to carry up to 24 missiles, although estimations based on current and projected 
missile inventories more conservatively suggest a capacity of 12 to 16 missiles. 

Strategic Implications of Enhanced SLBM Capabilities 
The forthcoming Type 096 SSBNs are expected to be armed with an advanced, longer-
range submarine-launched ballistic missile (SLBM) that likely features multiple 
independently targetable reentry vehicles (MIRVs). This capability would significantly 
increase the lethality and strategic deterrence potential of China's SSBN fleet, enabling 
more effective targeting and countermeasure evasion. 

Operational Life and Fleet Expansion 
The U.S. Department of Defense estimates that China’s SSBNs have a service life of 
approximately 30 to 40 years, suggesting that the Type 094 and Type 096 boats will 
operate concurrently for several decades. This overlap could potentially expand China's 
SSBN fleet to eight to 10 submarines, significantly bolstering its nuclear deterrent force. 
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Infrastructure and Patrol Enhancements at Yalong Naval Base 
The Yalong naval base on Hainan Island, home to China's SSBN fleet, has also seen 
infrastructural expansions, including the enlargement of piers to accommodate an 
increased number of submarines. Surveillance data from July 2023 indicated that a 
majority of the SSBN fleet was docked at this base, suggesting rotational deployments or 
maintenance periods. 

 

Image: Satellite images show two Chinese ballistic missile submarines at Yalong Naval 
Base on Hainan Island. 

Continuous Deterrence Patrols and Strategic Posture 
According to the Pentagon's reports, China has intensified its deterrence posture by 
initiating "near-continuous at-sea deterrence patrols." This strategy ensures that at least 
one SSBN is always at sea, potentially armed with nuclear weapons, which marks a 
significant shift from China's previous declaratory policy on nuclear armament during 
peacetime. 

Command, Control and Operational Security 
To support its enhanced deterrence posture, China is reportedly upgrading its command 
and control systems to ensure robust and reliable communication with its SSBNs. These 
improvements are crucial to prevent unauthorized launches and to maintain command 
over nuclear assets. Furthermore, Western military officials, including those from the 
United States, Japan, Australia, and the United Kingdom, have intensified efforts to track 
the movements of China's SSBNs, indicating the strategic importance of these 
submarines in regional security calculations. 
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The development of the Type 096 SSBN and the expansion at Huludao are indicative of 
China's ambitious plans to enhance its strategic naval capabilities. These advancements 
not only reflect significant technological progress but also imply a shift in China's 
strategic military posture. As the PLAN continues to modernize its fleet, the implications 
for regional and global security are profound, necessitating continued vigilance and 
strategic assessment by global powers. 
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Reinforcing the Skies: China's Evolution in Aerial 
Nuclear Capabilities 
The strategic landscape of global nuclear armament and delivery systems has undergone 
significant shifts since the mid-20th century. Among the nations leading this 
transformative phase, China has progressively emerged as a formidable player with its 
expanding arsenal of nuclear weapons and sophisticated delivery mechanisms. This 
analysis delves into the historical context, current capabilities, and future trajectories of 
China's aerial nuclear capabilities, focusing on the significant role played by bombers in 
this domain. 

Historical Context and Initial Developments (1965-1979) 
China initiated its nuclear weapons program amid heightened tensions during the Cold 
War, seeking to establish a deterrent against both Western and Eastern blocs. Between 
1965 and 1979, China conducted a series of nuclear tests, utilizing aircraft for the delivery 
of at least 12 nuclear weapons. This period marked China's first integration of aerial 
platforms in its nuclear strategy, primarily employing bombers as the delivery vehicle. 

Transition and Dormancy (Late 20th Century) 
As China's missile technology advanced, the reliance on traditional bombers like the 
intermediate-range models began to wane. The People’s Liberation Army Air Force 
(PLAAF) saw a gradual reduction in its nuclear missions as missile capabilities provided 
a more reliable and effective means of nuclear delivery. However, it is speculated that 
during this dormant phase, China maintained a reserve of approximately 20 gravity 
bombs. These were intended for potential contingency use, highlighting a latent 
capability within the PLAAF’s arsenal. 

Renewed Focus and Modernization (2017-2023) 
A significant pivot occurred around 2017 when the US Department of Defense noted that 
the PLAAF did not have an active nuclear mission. However, this assessment was 
promptly updated in 2018, indicating a reassignment of nuclear capabilities to the PLAAF. 
This shift was particularly centered around the modernization and adaptation of the H-6 
bomber series.The H-6 bombers, derivatives of the Soviet-era Tu-16, have been upgraded 
over the decades to enhance their range and operational capabilities. The H-6K variant, 
introduced as an extended-range model, was touted by Chinese media as a "dual 
nuclear-conventional bomber," capable of performing both nuclear and conventional 
missions. This dual-use capability represents a strategic flexibility in China's military 
doctrine. 
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Introduction of the H-6N and ALBM (2016-2023) 
More notably, the development of the H-6N variant marked a significant evolution in 
China's bomber capabilities. The H-6N features a nose-mounted in-flight refueling probe 
and a modified fuselage capable of accommodating a nuclear-capable air-launched 
ballistic missile (ALBM), known as CH-AS-X-13. This missile bears similarities to the DF-
21 MRBM, with potential variants including a conventional anti-ship model akin to the DF-
21D.The CH-AS-X-13 was first tested in December 2016, with subsequent tests leading 
up to its expected readiness for deployment by 2025. The integration of this ALBM into the 
PLAAF’s arsenal is poised to enhance China's nuclear triad, providing a robust dispersal 
across land, sea, and air forces, thereby reinforcing its deterrent and strategic 
capabilities. 

Future Prospects: The H-20 Stealth Bomber (2020s-2030s) 
Looking towards the future, China is developing the H-20 stealth bomber. This next-
generation aircraft is expected to possess an intercontinental range exceeding 10,000 
kilometers, supplemented by aerial refueling capabilities. The H-20 represents a leap in 
technology and strategic thinking, embodying both nuclear and conventional strike 
capabilities. Its development is closely watched by global defense analysts and is 
anticipated to significantly alter the strategic balance, particularly in the Asia-Pacific 
region. 

Implications for Regional and Global Security 
The evolution of China's aerial nuclear capabilities signifies a broader shift in the global 
security paradigm. With enhanced delivery systems and the development of new 
platforms like the H-20, China not only strengthens its deterrence capabilities but also 
influences arms control dynamics and stability in the region. The modernization efforts 
reflect China's strategic intent to maintain a credible second-strike capability and secure 
its status as a major nuclear power. 

In conclusion, China's journey from the initial use of bombers in its nuclear tests to the 
sophisticated development of stealth and ALBM-equipped bombers illustrates a 
strategic enhancement of its military assets. This trajectory not only reflects the 
technological advancements within the PLAAF but also underscores the shifting 
dynamics of global nuclear strategies. As China continues to advance its aerial 
capabilities, the implications for regional and international security remain a critical area 
for ongoing analysis and dialogue. 
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The Enigmatic Realm of China's Nuclear Cruise 
Missiles: An In-Depth Examination 
The realm of nuclear weaponry and the advancements in cruise missile technology have 
long been a focus of international military analysis, particularly when it concerns major 
global powers like China. Over the years, the capabilities and strategic applications of 
cruise missiles have evolved, leading to significant speculation and scrutiny regarding 
their potential nuclear roles. This detailed analysis provides a comprehensive exploration 
of the current understanding and historical context of China's alleged nuclear-capable 
cruise missiles, specifically focusing on recent assessments and the ambiguous nature 
of such claims. 

Early Speculations and Assertions (2018) 
The discussion around China's potential nuclear-capable cruise missiles gained notable 
prominence following the release of the 2018 Nuclear Posture Review by the Pentagon. 
In conjunction with this strategic document, the Pentagon issued a nuclear 
modernization fact sheet that intriguingly hinted at China possessing air-launched and 
sea-launched nuclear cruise missiles. However, these claims were not substantiated 
with specific details, leaving the international defense community pondering the veracity 
and specifics of such assertions. 

Japanese Defense Assessments (2023) 
Adding to the layers of speculation, the 2023 Japanese Defense Paper echoed similar 
concerns by stating that China's H-6 bombers are believed to be capable of carrying long-
range attack cruise missiles that may have nuclear capabilities. This statement from a 
highly credible defense entity added a layer of legitimacy to the ongoing discussions but 
still did not clear the prevailing ambiguities regarding the exact nature and existence of 
these missiles. 

Analysis of Potential Platforms and Warhead Integration 
Despite the speculative assertions by various military publications and defense papers, 
concrete evidence regarding the operational status of Chinese nuclear cruise missiles 
remains elusive. The primary focus has been on platforms like the H-6 bombers, which 
have been continuously upgraded and are known for their versatility in carrying a range of 
weaponry. The speculation surrounding the H-6 bombers potentially being equipped with 
nuclear-capable cruise missiles suggests a strategic intent to diversify delivery systems 
beyond ballistic missiles. 
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Furthermore, the anticipation surrounding the future H-20 bomber adds another 
dimension to this discussion. The H-20, projected as a more advanced and stealthier 
bomber, is speculated to possibly include capabilities for deploying nuclear cruise 
missiles. If realized, this would mark a significant advancement in China's aerial nuclear 
delivery capabilities, enhancing its strategic bomber fleet's versatility and threat 
perception. 

Technical Considerations and Capability Analysis 
The development of nuclear-capable cruise missiles involves intricate technological 
challenges, particularly in terms of warhead miniaturization and integration with missile 
systems that must maintain accuracy and reliability over long distances. The engineering 
required to enable a cruise missile to carry a nuclear payload involves precise 
mechanisms for safe handling, arming, and detonation, all of which must function under 
the stresses of flight and environmental conditions. 

Given these complexities, the development and deployment of nuclear cruise missiles 
are significant undertakings. Without explicit confirmation or detailed evidence from 
credible sources such as the Chinese military or government, the existence of such 
missiles remains speculative. However, the strategic implications of possessing such 
capabilities are profound, as they would significantly alter the regional and possibly 
global balance of power. 

Ongoing Surveillance and Intelligence Gathering 
The international defense community, including entities like the Pentagon and Japanese 
Ministry of Defense, continues to monitor developments related to China's military 
capabilities closely. Satellite imagery, signal intelligence, and other surveillance 
methods are likely being employed to gather any possible evidence that could confirm 
the existence and deployment of nuclear-capable cruise missiles by China. 

In the absence of concrete data, the global defense strategy and policy formulation 
remain cautiously oriented towards preparing for a range of possibilities. The speculative 
nature of China's nuclear cruise missile capabilities necessitates a robust and adaptive 
defense posture from neighboring countries and global powers alike. 

In summary, while speculative assertions have been made regarding China's capabilities 
concerning nuclear cruise missiles, definitive evidence remains scarce. The strategic 
ambiguity maintained by China adds a layer of complexity to international security 
dynamics, compelling military strategists and policymakers to prepare for a range of 
scenarios. As technology advances and geopolitical tensions evolve, the discourse 
surrounding nuclear-capable cruise missiles will undoubtedly continue to be a critical 
topic of global strategic importance. 
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Governance Structures of US-NATO Nuclear Sharing 
The governance of US nuclear weapons in Europe is managed through several types of 
agreements, each serving distinct yet interconnected roles: 

• Atomic Cooperation Agreement: This agreement facilitates the bilateral 
exchange of atomic information and resources. A prime example is the 1958 US-
UK Mutual Defense Agreement, which enables the United States and the United 
Kingdom to share nuclear materials, technology, and critical information. This 
agreement underscores the depth of trust and cooperation between the US and 
its closest ally in the nuclear realm. 

• Atomic Stockpile Agreement: These agreements are pivotal in managing the 
specifics of nuclear weapon deployments. They cover a range of crucial issues 
such as the introduction, storage, custody, security, and safety of US nuclear 
weapons on foreign soil. The agreements with NATO allies that host US nuclear 
weapons are specific instances of such arrangements, highlighting the layers of 
security and protocol that govern these sensitive deployments. 

• Service-Level Agreement: These technical agreements between the military 
services of the United States and the user nation detail the procedures for 
implementing the Atomic Stockpile Agreements. Although the specifics of these 
agreements are highly classified, some codenames such as Pine Cone for 
Belgium, Toolchest for Germany, Stone Ax for Italy, and Toy Chest for the 
Netherlands, provide a glimpse into the operational details and the extent of 
coordination required. 

Dual-Capable Aircraft and Their Role 
A critical component of NATO’s nuclear capability is the provision of Dual-Capable 
Aircraft (DCA). Seven NATO member states—Belgium, Germany, Italy, the Netherlands, 
the United States, along with Turkey and Greece in reserve roles—contribute these 
aircraft to NATO’s nuclear mission. DCAs are specifically designed or modified to carry 
nuclear weapons, providing NATO with flexible and responsive nuclear strike capabilities. 
This capability is integral to NATO's strategy of deterrence, ensuring that the alliance can 
respond effectively under various conflict scenarios. 

Storage and Maintenance of Nuclear Weapons 
Currently, five NATO countries host six bases where US nuclear bombs are stored in 
underground vaults. These facilities are built with advanced security features to ensure 
the safety and security of the nuclear stockpile. In addition to these active sites, several 
bases have empty storage vaults in inactive status, such as RAF Lakenheath in England, 
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which is undergoing renovations to potentially store nuclear bombs in the future if NATO 
decides to expand its nuclear storage. 

The SNOWCAT Mission and Supporting Roles 
Beyond the main DCAs, additional NATO members—Czech Republic, Denmark, 
Hungary, Poland, and two undisclosed countries—support NATO’s nuclear posture 
through the SNOWCAT mission ("Support of Nuclear Operations With Conventional Air 
Tactics"). This mission involves the integration of conventional air tactics to support 
nuclear operations, illustrating the diverse roles that NATO members play in enhancing 
the alliance's nuclear capabilities. 

The Nuclear Planning Group (NPG) 
All NATO member states, except France—which possesses its own nuclear arsenal—
participate in NATO’s Nuclear Planning Group (NPG). This group is crucial for collective 
policy-making and decision-making over NATO’s nuclear mission. The NPG allows for a 
coordinated approach to nuclear strategy and ensures that all member states are aligned 
in their nuclear policies and strategies. 

The governance and operational dynamics of US-NATO nuclear sharing are complex and 
multifaceted. Through a series of structured agreements and collaborative frameworks, 
NATO manages a robust nuclear sharing arrangement that bolsters the alliance's security 
and strategic deterrence capabilities. These arrangements not only enhance the tactical 
readiness of the allied forces but also strengthen the transatlantic bond that is 
fundamental to the collective defense strategy of the West. 

The Dynamics of Nuclear Sharing within NATO during the Cold War Era 
During the Cold War era, the dynamics of nuclear sharing within NATO underwent 
significant evolution and scrutiny. The initial commitment of theater nuclear weapons by 
the United States to NATO in July 1953 marked a pivotal moment, with the first warheads 
arriving in Europe by September 1954. This deployment was part of a broader strategy to 
integrate nuclear weapons into NATO's defense posture, a process that gained 
momentum with the approval of Military Committee 48 (MC 48) under the Eisenhower 
administration. This period also witnessed extensive training programs conducted for 
NATO senior officers on the tactical use of atomic weapons, reflecting the strategic shift 
towards nuclear deterrence (Alberque 2017; Burr 2020a). 

The urgency in discussions around nuclear sharing within NATO heightened following the 
Soviet launch of the Sputnik satellite in October 1957. This event catalyzed the 
formulation of proposals for NATO nuclear stockpile arrangements, culminating in a 
proposal by the US Joint Chiefs of Staff (JCS) in December 1957. Under this proposal, the 
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United States maintained control and custody of the nuclear weapons deployed in 
Europe, with the president retaining sole authority for their launch. However, in the event 
of war, authority could be delegated to the NATO Supreme Allied Commander (SACEUR), 
highlighting the intricate command structures and safeguards put in place (US Congress 
1961). 

The agreement stipulated strict protocols for the handling and deployment of nuclear 
weapons. Warheads and their delivery vehicles had to remain separate and unarmed 
until authorized for launch by the United States, after which they would come under NATO 
control. Despite US custodianship, the responsibility for the security of the nuclear 
weapons rested with the user nation, emphasizing the shared responsibility and trust 
within the alliance (Alberque 2017). 

However, investigations in 1960 by a Joint Congressional Committee on Atomic Energy 
revealed gaps between theory and practice in the control procedures of these nuclear 
weapons. The committee found instances where allies had the potential to launch 
weapons independently, particularly those on Quick Reaction Alert aircraft. Additionally, 
unauthorized nuclear cooperation or stockpile agreements were discovered, prompting 
President Kennedy to halt the deployment of nuclear weapons to NATO allies temporarily. 
This pause led to the development of Permissive Action Links (PALs), sophisticated 
electronic and physical security measures designed to prevent unauthorized use of 
nuclear weapons (Office of the Assistant to the Secretary of Defense (Atomic Energy) 
1978; Burr 2020b). 

The implementation of PALs, starting in 1962, was a significant step towards enhancing 
the security of nuclear weapons within NATO. Despite initial concerns about their 
effectiveness, PALs evolved over the years to include advanced electronic locks, 
microprocessors, and fail-safe mechanisms. This evolution reflects the continuous 
efforts to strengthen nuclear security and prevent unauthorized access to these strategic 
assets (Blair 2004; Office of the Deputy Assistant Secretary of Defense for Nuclear 
Matters 2020). 

Over the decades, the landscape of nuclear sharing within NATO underwent further 
changes. The peak deployment of over 7,000 nuclear weapons in Europe in 1971 
gradually reduced as the United States withdrew ground-launched and naval tactical 
nuclear weapons starting in 1991-1992. By 2000, the number of nuclear bombs had 
significantly decreased, reflecting shifts in strategic priorities and arms control 
initiatives. The consolidation of nuclear assets to fewer European bases also streamlined 
operational efficiency and security protocols (Kristensen 1995). 
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This historical overview highlights the complexities and challenges faced in managing 
nuclear sharing within NATO during the Cold War and the subsequent adjustments made 
to enhance security, control, and strategic alignment within the alliance. 
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Modernizing Nuclear Sharing within NATO: Insights into 
the Future of Strategic Defense 
In the realm of international security and strategic defense, NATO's nuclear sharing 
arrangements have long been a focal point of discussions and developments. As we 
navigate the complexities of modern warfare and geopolitical dynamics, the recent 
updates and modernization efforts within NATO's nuclear capabilities, particularly at RAF 
Lakenheath, warrant thorough analysis and understanding. 

RAF Lakenheath: A Hub of Nuclear Modernization 
RAF Lakenheath, situated in the United Kingdom, has emerged as a key location 
undergoing significant modernization to potentially accommodate the storage of nuclear 
weapons. This strategic shift underscores NATO's proactive stance in adapting to 
evolving threats and technological advancements in the realm of nuclear deterrence. 

Transitioning to the B61-12: Enhancing Precision and Capability 
One of the pivotal changes in NATO's nuclear arsenal is the transition from legacy 
versions of the B61 gravity bomb to the advanced B61-12. This transition reflects the 
United States' commitment to upgrading its nuclear capabilities and ensuring 
compatibility with both heavy bombers and tactical aircraft operated by the US and its 
allies. 

The B61-12 incorporates a modified warhead design, leveraging advanced technologies 
to enhance precision and effectiveness. Notably, it is slated to be integrated onto a range 
of platforms, including the F-15E, F-16C/D, and F-35A, expanding the operational 
flexibility and potency of NATO's nuclear deterrent. 

Current Deployment and Future Prospects 
Presently, approximately 100 US nuclear weapons are dispersed across six bases in five 
NATO countries. This deployment pattern underscores NATO's collective defense 
strategy and the shared responsibility in maintaining a credible deterrent posture. 

The ongoing procurement of the F-35A by NATO countries hosting US nuclear weapons 
signifies a transition towards modernization and interoperability. However, challenges 
persist, particularly concerning the compatibility of older aircraft with the advanced 
capabilities of the B61-12. 
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Exercising Nuclear Readiness: Insights from "Steadfast Noon" 
NATO's commitment to maintaining readiness and cohesion in nuclear sharing is 
exemplified through exercises like "Steadfast Noon." This annual exercise, hosted by 
different NATO member states, simulates nuclear sharing scenarios involving a multitude 
of aircraft and personnel. 

The most recent iteration, hosted by Belgium, showcased NATO's collaborative efforts in 
practicing the employment and operational procedures associated with US nuclear 
weapons. With participation from 14 countries and a diverse array of aircraft, "Steadfast 
Noon" reaffirms NATO's preparedness and interoperability in nuclear defense strategies. 
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Enhancing Nuclear Security: Modernization Efforts at 
Kleine Brogel Air Base 
Kleine Brogel Air Base in Belgium has emerged as a critical hub within NATO's nuclear 
sharing framework, hosting an estimated 10-15 US B61 nuclear bombs primarily intended 
for delivery by Belgian F-16MLU aircraft. The strategic significance of this base extends 
beyond its physical capacity to store and maintain these weapons; it also reflects 
ongoing modernization efforts aimed at bolstering nuclear security and operational 
capabilities. 

Infrastructure and Security Upgrades 
At Kleine Brogel Air Base, 11 protective aircraft shelters equipped with a sophisticated 
Weapons Storage and Security System (WS3) play a pivotal role in safeguarding the 
nuclear arsenal. The WS3 includes an elevator-drive Weapon Storage Vault (WSV) 
capable of holding up to four bombs each, with a maximum base capacity of 44 weapons. 
This infrastructure underscores the meticulous approach taken to ensure secure storage 
and rapid deployment if required. 

In recent years, Kleine Brogel has witnessed significant expansion and modernization 
initiatives, signaling a proactive stance towards enhancing nuclear security. Noteworthy 
developments include: 

• Support Area Enhancements: Construction activities within the support area 
dedicated to the 701st Munitions Support Squadron (MUNSS) highlight a focus on 
optimizing physical security and maintenance protocols. A new drive-through 
facility for nuclear weapons maintenance trucks exemplifies the base's 
commitment to streamlined logistics and operational efficiency. 

• Tarmac for C-17A Transport Aircraft: The addition of a large tarmac dedicated to 
C-17A nuclear transport aircraft signifies Kleine Brogel's readiness for strategic 
mobility and rapid response capabilities. This infrastructure investment reinforces 
the base's role as a pivotal node in NATO's nuclear defense architecture. 

• High-Security Underground Facility: The near completion of a high-security 
underground facility underscores Kleine Brogel's commitment to resilience 
against potential threats. This facility is designed to enhance operational 
continuity and protection of critical assets, aligning with contemporary security 
imperatives. 

• Technological Advancements: Upgrades to underground cables and the Alarm 
Communication & Display (AC&D) system reflect a strategic embrace of 
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technological advancements. These enhancements not only improve situational 
awareness and response capabilities but also contribute to a more robust and 
integrated security posture. 

Strategic Significance and Future Directions 
The strategic importance of Kleine Brogel Air Base extends beyond its physical 
infrastructure; it symbolizes NATO's collective commitment to nuclear deterrence and 
shared security responsibilities. As geopolitical landscapes evolve and threats continue 
to evolve, Kleine Brogel's ongoing modernization efforts are poised to adapt and ensure 
readiness for emerging challenges. 

Kleine Brogel Air Base's evolution as a modernized and secure nexus within NATO's 
nuclear sharing framework underscores the alliance's resilience and strategic foresight. 
By investing in infrastructure upgrades, technological advancements, and operational 
enhancements, Kleine Brogel exemplifies the proactive measures taken to safeguard 
critical assets and maintain deterrence capabilities in an ever-evolving security 
landscape. 

 
 

Figure . Nuclear upgrades as of April 2023 at Kleine Brogel Air Base, Belgium. (Credit: 
Airbus via Google Earth/Federation of American Scientists). 



 

  
COPYRIGHT DEBUGLIESINTEL.COM UPDATE : 12/2024 – VER. 1.1 

 

182 2024 – Nuclear Dilemma 

Strengthening Nuclear Deterrence: Enhancements at 
Volkel Air Base 
Volkel Air Base in the Netherlands stands as a crucial component of NATO's nuclear 
sharing arrangements, hosting an estimated 10-15 US B61 nuclear bombs designated for 
delivery by Dutch F-16MLU aircraft. The strategic significance of Volkel Air Base extends 
beyond its role in storage and delivery; recent developments highlight a concerted effort 
to bolster security, operational efficiency, and readiness within the alliance's nuclear 
deterrence framework. 

Infrastructure and Security Measures 
Volkel Air Base boasts 32 protective aircraft shelters, with 11 equipped with advanced 
Weapons Storage and Security System (WS3) capabilities designed for nuclear weapons 
storage. Each Weapon Storage Vault (WSV) within these shelters can accommodate up 
to four bombs, contributing to a maximum base capacity of 44 weapons. This robust 
infrastructure underscores the meticulous approach taken to ensure the secure handling 
and deployment of nuclear assets. 

In recent years, Volkel Air Base has witnessed strategic enhancements and construction 
projects aimed at enhancing its operational capabilities and security posture. Key 
developments include: 

• Tarmac Expansion: Over the past two years, Volkel Air Base has expanded its 
tarmac area, incorporating a high wall structure near aircraft shelters. This 
dedicated area is likely designated for C-17A Globemaster III operations, providing 
crucial logistical support for the rapid movement of US Air Force nuclear weapons 
on and off-base. This expansion enhances flexibility and responsiveness in 
nuclear asset deployment scenarios. 

• High-Security Facilities: Similar to Kleine Brogel Air Base, Volkel has completed 
the construction of a high-security building, reflecting a shared commitment 
across European nuclear weapons bases to reinforce protective measures and 
operational resilience. These facilities are designed to ensure the secure storage, 
maintenance, and deployment of nuclear weapons, aligning with stringent safety 
protocols and international security standards. 

Strategic Alignment and Collaboration 
Volkel Air Base's modernization efforts align with NATO's overarching objectives of 
maintaining credible deterrence capabilities and collective defense readiness. The 
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collaboration between US and Dutch forces underscores the shared responsibility in 
safeguarding nuclear assets and fostering interoperability within the alliance. 

Volkel Air Base's ongoing enhancements and infrastructure investments underscore its 
pivotal role within NATO's nuclear deterrence strategy. By prioritizing security measures, 
operational efficiency, and collaborative initiatives, Volkel exemplifies the alliance's 
commitment to upholding stability and deterrence in a complex geopolitical landscape. 
As NATO continues to adapt to evolving threats and challenges, Volkel Air Base remains 
a cornerstone of strategic defense and cooperation within the alliance. 

 

Image: Volkel Air Base (51.6577, 5.7016) hosts an estimated 10- 15 US B61 US nuclear 
bombs for delivery by Dutch F- 16MLU aircraft. There are 32 protective aircraft shelters 
at Volkel Air Base, 11 of which are equipped with WS3s for nuclear weapons storage. 
Each WSV can hold up to four bombs, for a maximum base capacity of 44 weapons. – 
copyright debuglies.com 
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Büchel Air Base: Updates and Developments in Nuclear 
Weapon Deployment 
Büchel Air Base, located in Germany at coordinates 50.1762°N, 7.0640°E, has long been 
a strategic site for nuclear weapon deployment and operations. As of recent data, the 
base hosts approximately 10 to 15 US B61 nuclear bombs, designated for delivery by 
German PA-200 Tornado aircraft. This article delves into the latest updates and 
developments concerning Büchel Air Base, including infrastructure upgrades, security 
enhancements, and the broader context of nuclear sharing within NATO. 

The infrastructure at Büchel Air Base plays a crucial role in its nuclear capabilities. It 
features 11 protective aircraft shelters equipped with WS3s specifically designed for 
storing nuclear weapons. Each shelter, known as a WSV, can accommodate up to four 
bombs, allowing for a maximum capacity of 44 weapons on the base. These shelters are 
integral to safeguarding the nuclear arsenal and maintaining operational readiness. 

Recent developments at Büchel Air Base include significant construction activities. 
Since September 2022, the entire runway has been undergoing construction, impacting 
operations and necessitating temporary hosting of Tactical Air Wing 33's Tornado aircraft 
at alternative bases such as Nörvenich Air Base and Spangdahlem Air Base (Sanchez-
Chen, 2023). Satellite imagery reveals ongoing construction within the loops housing the 
protective aircraft shelters, indicating potential upgrades or expansion of storage 
facilities. 

One notable aspect of the construction is the creation of a new walled tarmac area, 
mirroring similar developments at other nuclear weapons bases across Europe, including 
Kleine Brogel, Volkel, and Gherdi air bases. These infrastructure enhancements are part 
of broader efforts to modernize and improve the security posture of NATO's nuclear 
deterrence capabilities. 

The strategic significance of Büchel Air Base extends beyond its physical infrastructure. 
It serves as a key node in NATO's nuclear sharing arrangements, highlighting the alliance's 
commitment to collective defense and deterrence. The presence of US nuclear weapons 
on German soil underscores the interconnectedness of security responsibilities among 
NATO members, with Germany playing a vital role in the alliance's nuclear deterrence 
strategy. 

Furthermore, Büchel Air Base's operations and developments reflect the evolving 
dynamics of nuclear sharing within NATO. Recent years have seen discussions and 
initiatives regarding the modernization of nuclear capabilities, including the replacement 
of legacy B61 gravity bombs with the advanced B61-12 variant. Such upgrades 
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demonstrate NATO's efforts to adapt to evolving security challenges while maintaining a 
credible deterrent posture. 

In conclusion, Büchel Air Base remains a focal point of strategic importance within 
NATO's nuclear framework. The ongoing construction, infrastructure upgrades, and 
security enhancements underscore the commitment to maintaining a robust and 
credible deterrent against potential threats. As developments continue, Büchel Air Base 
will continue to play a pivotal role in shaping NATO's collective defense posture and 
security strategy. 

 

Image : Büchel Air Base (50.1762, 7.0640) hosts an estimated 10- 15 US B61 nuclear 
bombs for delivery by German PA- 200 Tornado aircraft.- copyright debuglies.com  
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Aviano and Ghedi Air Bases: Updates on NATO's 
Nuclear Deployment in Italy 
Aviano Air Base, located at coordinates 46.0313°N, 12.5968°E, serves as a pivotal site for 
NATO's nuclear deterrence capabilities in Italy. The base hosts an estimated 20 to 30 US 
B61 nuclear bombs, designated for delivery by US F-16C/D aircraft. This article provides 
a detailed overview of Aviano Air Base's nuclear infrastructure, operational capabilities, 
recent upgrades, and its role within NATO's strategic framework. 

The 31st Fighter Wing, comprising two squadrons of nuclear-capable aircraft—the 510th 
"Buzzards" Fighter Squadron and the 555th "Triple Nickel" Fighter Squadron—is stationed 
at Aviano Air Base. The wing's aircraft are integral to NATO's nuclear sharing 
arrangements, emphasizing the base's significance in maintaining a credible deterrent 
posture in Europe. 

Aviano Air Base features 18 underground nuclear weapons storage vaults (WSVs) 
installed within protective aircraft shelters in 1996. However, as of current estimates, 
only 11 of these vaults are active. These active vaults are situated within a security 
perimeter constructed in 2015, ensuring stringent safeguards for the stored nuclear 
arsenal. Each WSV can accommodate up to four bombs, allowing for a maximum base 
capacity of 44 weapons. 

A notable development at Aviano Air Base occurred during 2014-2015, marked by a 
significant upgrade of the area housing the active nuclear weapons shelters. This 
enhancement reflects NATO's continuous efforts to modernize and fortify its nuclear 
infrastructure, aligning with evolving security challenges and technological 
advancements. 

Turning to Ghedi Air Base, located at coordinates 45.4319°N, 10.2670°E, it also plays a 
crucial role in NATO's nuclear deployment strategy in Italy. The base hosts an estimated 
10 to 15 US B61 nuclear bombs, intended for delivery by Italian PA-200 Tornado aircraft. 
The presence of US nuclear weapons underscores the transatlantic alliance's 
commitment to collective defense and deterrence. 

Ghedi Air Base boasts 22 protective aircraft shelters, organized into two groups at the 
northwestern and southeastern ends of the airfield. Recent construction activities have 
focused on enhancing security and operational capabilities. A new double-fenced high-
security perimeter was erected around the northwestern shelters in 2020, indicating 
ongoing efforts to bolster protection and readiness. 

Furthermore, ongoing construction initiatives at Ghedi Air Base include the development 
of a new tarmac and shelter area for Italy's incoming F-35A aircraft. Additionally, a drive-
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through support building for nuclear weapons maintenance trucks at the 704th MUNSS 
area and a new tarmac for C-17A transport aircraft outside the nuclear weapons storage 
area are underway. These developments signify Italy's commitment to maintaining a 
robust and modernized defense infrastructure in alignment with NATO's strategic 
objectives. 

In conclusion, Aviano and Ghedi Air Bases serve as vital pillars of NATO's nuclear 
deterrence strategy in Italy. The ongoing upgrades, infrastructure enhancements, and 
operational capabilities underscore NATO's collective commitment to ensuring regional 
security and deterring potential threats effectively. As developments continue, these air 
bases will remain integral to NATO's broader defense posture and alliance cohesion. 

 

Image: Aviano Air Base (46.0313, 12.5968) hosts an estimated 20-30 US B61 nuclear bombs for 
delivery by US F-16C/ D aircraft. – copyright debuglies.com 
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Image : Ghedi Air Base hosts an estimated 10-15 US B61 nuclear bombs for delivery by 
Italian PA- 200 Tornado aircraft. There are 22 protective aircraft shelters at Ghedi Air 
Base, divided into two groups of 11 on the northwestern and southeastern ends of the 
airfield. A new double- fenced high-security perimeter was built around the 
northwestern shelters in 2020, suggesting that this group remains active. Copyright 
debuglies.com  
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Incirlik Air Base: The Strategic Nexus of US Nuclear 
Operations in Turkey 
Incirlik Air Base, situated at coordinates 37.0025 latitude and 35.4267 longitude, holds a 
critical role in the United States' nuclear strategy in the region. This article delves into the 
specifics of Incirlik's nuclear mission, its operational dynamics, and the strategic 
implications of its security arrangements. 

The presence of an estimated 20-30 US B61 nuclear bombs at Incirlik, earmarked for 
delivery by US aircraft, underscores the base's significance in the US military's global 
posture. However, a unique aspect of Incirlik is Turkey's restriction on permanently 
basing US bomber aircraft at the facility. This constraint necessitates strategic planning 
for crisis scenarios, where US aircraft would need to fly in to retrieve the weapons or the 
weapons would have to be relocated to alternative sites. 

Recent developments, such as the construction of a new security perimeter around 21 
protective aircraft shelters within Incirlik, indicate ongoing activity and readiness at the 
base. Despite past discussions within the Pentagon about potential relocation of US 
nuclear assets from Turkey due to security concerns, the mission at Incirlik remains 
robust. Senior leaders from the United States Air Forces in Europe (USAFE A10) visited 
Incirlik in July 2023, highlighting the continued importance of the base in ensuring the 
"surety mission" and its contribution to strategic deterrence efforts. 

The term "surety" resonates with the core principles of nuclear security, encompassing 
measures to maintain the safety, security, and positive control of nuclear weapons. 
Incirlik's role in strategic deterrence, as emphasized by USAFE A10, underscores its 
status as a pivotal hub for US nuclear operations in the region. 

The historical context of Incirlik Air Base adds depth to its current significance. Originally 
established in the 1950s during the Cold War era, Incirlik has witnessed shifts in 
geopolitical dynamics, evolving from a forward operating base for NATO to a key 
installation in US-Turkey defense cooperation. 

The strategic partnership between the United States and Turkey, exemplified by Incirlik's 
operational framework, reflects the complexities of modern military alliances. The base's 
location, at the crossroads of Europe, Asia, and the Middle East, amplifies its strategic 
value, enabling rapid response capabilities and regional stability initiatives. 

In analyzing Incirlik's role, it is imperative to consider the broader context of US-Turkey 
relations, including political dynamics, regional security challenges, and the evolving 
nature of nuclear deterrence strategies. Incirlik's operational flexibility, despite logistical 
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challenges posed by Turkey's basing restrictions, underscores the adaptability and 
resilience of US military planning. 

Looking ahead, the future of Incirlik Air Base within the context of US nuclear operations 
hinges on ongoing diplomatic engagements, security assessments, and strategic 
alignments. The base's strategic nexus in Turkey's geopolitical landscape underscores its 
enduring relevance and underscores the intricate interplay between military capabilities, 
alliance dynamics, and global security imperatives. 

 

 

Image: Incirlik Air Base (37.0025, 35.4267) hosts an estimated 20-30 US B61 nuclear 
bombs for delivery by US aircraft; however, unlike at other bases, Turkey does not allow 
the United States to permanently base its bomber air- craft at Incirlik. Copyright 
debuglies.com  
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Strategic Shifts: RAF Lakenheath's Role in Modern 
Nuclear Dynamics 
RAF Lakenheath, historically known for its role in the United States' nuclear strategy in 
the United Kingdom, has recently garnered attention due to indications of potential 
upgrades to its nuclear storage capabilities. This article explores the evolution of RAF 
Lakenheath's nuclear mission, recent developments, and the broader implications for 
transatlantic security. 

Since 1954, the United States maintained a presence of nuclear weapons at RAF 
Lakenheath until their withdrawal around 2007, marking a significant chapter in Cold 
War-era nuclear deployments. However, recent assessments suggest a resurgence of 
interest in the base's nuclear potential, with observations pointing towards preparations 
for nuclear bomb storage if deemed necessary by US authorities. 

The fiscal year 2024 budgetary documentation of the US Air Force unveils plans for a 
"surety dormitory" at RAF Lakenheath, signaling infrastructure enhancements aligned 
with nuclear security protocols. This strategic investment, situated approximately 100 
kilometers northeast of London, underscores RAF Lakenheath's enduring strategic 
relevance within the US-UK defense partnership. 

Noteworthy is the Department of Defense's acknowledgment of the NATO Security 
Investment Program's culmination in the United Kingdom, reflecting a broader strategic 
framework aimed at upgrading security measures, communication systems, and 
facilities across NATO member states. The explicit mention of the United Kingdom in 
fiscal year 2023 budgetary documents signifies a concerted effort to fortify NATO's 
nuclear infrastructure, signaling a commitment to collective defense and deterrence 
capabilities. 

However, the absence of explicit details regarding the intended permanency of nuclear 
weapons storage at RAF Lakenheath leaves room for speculation. The base's strategic 
positioning and historical ties to US nuclear operations suggest a plausible scenario 
where it could serve as a contingency storage site, facilitating rapid response measures 
during crises. 

The evolving dynamics at RAF Lakenheath also mirror broader trends in transatlantic 
security cooperation. As geopolitical uncertainties persist, discussions around NATO's 
nuclear posture, burden-sharing arrangements, and crisis response mechanisms gain 
prominence. RAF Lakenheath's potential role in nuclear storage underscores the intricate 
balance between deterrence strategies, alliance commitments, and regional security 
imperatives. 
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Analyzing the implications of potential nuclear upgrades at RAF Lakenheath requires 
nuanced consideration of diplomatic engagements, defense policy alignments, and 
public perceptions. The strategic calculus behind such developments reflects ongoing 
efforts to adapt to evolving security challenges while upholding transatlantic solidarity 
and deterrence credibility. 

In conclusion, RAF Lakenheath's emergence as a focal point in discussions surrounding 
nuclear storage reflects a broader strategic realignment within NATO's defense 
architecture. The base's evolution underscores the fluidity of security dynamics and the 
imperative for proactive, adaptable responses to emerging threats in an uncertain 
geopolitical landscape. 

 

 

Image: Lakenheath Royal Air Force Base, United Kingdom – copyright debuglies.com 
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Image: Lakenheath Royal Air Force Base, United Kingdom – copyright debuglies.com 
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Nuclear Sharing and the Nuclear Non-Proliferation 
Treaty: A Historical Perspective 
NATO's nuclear sharing arrangements have been intricately woven into the fabric of 
international negotiations surrounding the Nuclear Non-Proliferation Treaty (NPT) since 
the 1960s. This article delves into the historical evolution of these arrangements, their 
connection to key negotiations between the United States, the Soviet Union, and NATO, 
as well as contemporary challenges and perspectives. 

Origins and Early Negotiations 
The genesis of discussions on a treaty addressing nuclear proliferation can be traced 
back to the early 1960s, a period marked by heightened Cold War tensions and strategic 
maneuvering between the superpowers. Concurrently, within NATO, discussions were 
underway regarding both "hardware" (physical assets) and "software" (consultation, 
planning, training) solutions to nuclear defense. 

Key milestones in this period include exchanges of statements and letters between the 
United States and the Soviet Union throughout 1965 and 1966. These exchanges aimed 
to elucidate each side's stance on nuclear issues, including NATO's existing nuclear 
arrangements and the Soviet Union's concerns, particularly regarding West Germany's 
nuclear control. 

Crafting the NPT and Addressing NATO's Concerns 
By 1966, the stage was set for a more concrete articulation of nuclear non-proliferation 
principles. Articles I and II of the NPT were jointly formulated by the United States and the 
Soviet Union, with a keen eye on addressing NATO's existing nuclear sharing 
arrangements while assuaging Soviet apprehensions about West Germany's nuclear 
role. 

This collaborative effort culminated in a treaty framework that balanced the imperatives 
of preventing nuclear proliferation with the strategic interests of NATO members and the 
superpowers. The United States, in particular, emphasized its commitment to retaining 
control over its nuclear arsenal, including veto power over the launch of its own nuclear 
weapons. 

Contemporary Challenges and Allegations 
Fast forward to the present era, and NATO's nuclear sharing arrangements continue to be 
a subject of scrutiny and contention. Over the past decade, Russia has repeatedly 
accused the United States and its NATO Allies of violating Articles I and II of the NPT. 
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These allegations highlight ongoing tensions and differing interpretations of nuclear 
sharing obligations within the alliance. 

NATO's nuclear sharing arrangements have evolved in tandem with broader 
international efforts to prevent nuclear proliferation. The historical context of 
negotiations surrounding the NPT underscores the intricate balance between strategic 
alliances, security imperatives, and non-proliferation objectives. As challenges persist 
and geopolitical dynamics evolve, the delicate equilibrium of nuclear sharing within 
NATO remains a focal point of global security discussions. 

 

Image : US Air Force Nuclear Storage Sites in Europe from 1985 to Present – In 1985, 16 
air base across seven NATO member states hosted over one thousand US nuclear 
weapons. Over time, these weapons are moved to the  Main Operating Base in each 
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country before geing transferred back to the United States. As of 2023, only six bases in 
five countries host an estimated 100 US nuclear weapons. 

• * Base has nuclear weapons storage vaults on caretaker status without nuclear 
weapons present. 

• 1 Ramstein has nuclear weapons storage vaults on active status, normally 
without nuclear weapons present. 

• 2 Nuclear weapons may have removed from Lakeheath in 2005, the same year as 
Ramstein 

• Souce : Federation of American Scientist 
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Nuclear Authorization and Consultation in NATO: 
Balancing Power and Consultative Imperatives 
NATO's role in nuclear authorization and consultation is a complex interplay of power 
dynamics and consultative processes, shaped by historical precedents and 
contemporary challenges. This article delves into the intricacies of how NATO navigates 
the ownership, authority, and consultation requirements regarding nuclear weapons, 
focusing on key developments, challenges, and perspectives. 

Ownership and Authority: The Role of NATO and Member States 
It's crucial to understand that NATO itself does not possess nuclear weapons nor the 
authority to launch them independently. This prerogative rests with the nuclear-armed 
member states, primarily the United States, which maintains ownership and authority 
over the B61 gravity bombs allocated to NATO's Defense and Deterrence posture. 

A NATO factsheet from 2022 underscores the stringent process for nuclear mission 
execution within NATO. It highlights that political approval from NATO's Nuclear Planning 
Group (NPG) and authorization from the US President and UK Prime Minister are 
prerequisites for any nuclear undertaking (NATO 2022b). The inclusion of the UK Prime 
Minister in this process raises questions about the specific role of non-nuclear-armed 
NATO members in nuclear decision-making. 

Historical Context: Consultation Dynamics during the Cold War 
During the early Cold War era, NATO allies were keen on securing assurances from the 
United States regarding consultation before nuclear weapon use. Conversely, the United 
States aimed to maintain its autonomy in nuclear decision-making, rejecting the notion 
of granting veto power to NATO allies over US nuclear use. 

This tension led to the formulation of the 1962 Athens Guidelines, acknowledging the 
challenges of consultation during a nuclear crisis but committing to pre-consultation if 
time allowed (North Atlantic Council 1962). Subsequently, consultation channels were 
established, where NATO allies could express their views on proposed nuclear use, with 
significant weight given to the most affected member states. 

Contemporary Challenges and Reflections 
In today's geopolitical landscape, the feasibility of comprehensive consensus among 
NATO allies on nuclear use remains uncertain, especially in rapidly evolving conflict 
scenarios. The complexities of crisis communication and decision-making within NATO 
have been subjects of scrutiny, with experts like Des Ball highlighting the system's 
challenges in timely and effective functioning (Ball 1989). 
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The dynamics of nuclear authorization and consultation within NATO reflect a delicate 
balance between collective security imperatives and national sovereignty in nuclear 
decision-making. As technological, political, and strategic landscapes evolve, navigating 
these complexities will continue to be a critical aspect of NATO's defense and deterrence 
posture. 
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The Resurgence of Nuclear Sharing: Russia-Belarus 
Dynamics 
The history of nuclear sharing between Russia and its former satellite states, notably 
Belarus, has experienced a resurgence that warrants detailed analysis. This article delves 
into the historical context, recent developments, and implications of this nuclear 
relationship, highlighting key events and policy shifts that have shaped the current 
landscape. 

Historical Background 
The origins of nuclear sharing between Russia and its satellite states trace back to the 
early years of the Cold War. Following the founding of the Soviet Union, nuclear weapons 
were first deployed to East Germany in 1959, marking the beginning of a strategic 
deployment pattern (Becz, Kizmus, and Várhegyi 2019, 242). Subsequently, Soviet 
nuclear capabilities extended to other Eastern European countries, including Belarus. 

By 1979, NATO assessments revealed the presence of numerous Soviet nuclear storage 
sites across Eastern Europe, with a significant portion permanently housing nuclear 
weapons (Becz, Kizmus, and Várhegyi 2019, 12). This period marked a phase of intense 
nuclear positioning and strategic posturing in the region. 

Post-Soviet Era: Nuclear Transfers and NPT Adherence 
The dissolution of the Soviet Union in 1991 led to a complex scenario regarding nuclear 
weapons. Belarus, along with Kazakhstan and Ukraine, inherited sizable nuclear 
arsenals, becoming inadvertent nuclear powers. However, in a strategic move towards 
non-proliferation, these countries agreed to transfer all nuclear weapons back to Russia 
and join the Nuclear Non-Proliferation Treaty (NPT) as non-nuclear weapons states. 

The culmination of this process occurred in November 1996, with the final transfer of 
nuclear weapons from Belarus to Russia (Mirovich 2019). This marked a significant step 
towards regional stability and adherence to international non-proliferation norms. 

Resurgence of Nuclear Deployments 
In a surprising turn of events, recent years have seen a resurgence in discussions 
surrounding nuclear deployments involving Russia and Belarus. This resurgence is 
epitomized by the statements made by Russian President Vladimir Putin and Belarusian 
President Alexander Lukashenko in February 2022. 

Leading up to Russia's invasion of Ukraine, President Putin and President Lukashenko 
openly discussed equipping Belarusian forces with the capability to employ Russian 
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nuclear weapons. President Lukashenko's announcement on February 17, 2022, 
regarding the establishment of a training center for Iskander-M ballistic missiles in 
Belarus signaled a significant shift in regional dynamics (Republic of Belarus 2022). 

 

Image . Satellite imagery showing construction of a new security perimeter at a former 
12th GUMO unit depot east of Asipovichy, Belarus. Copyright debuglies.com 

Policy Shifts and Legislative Changes 
The Belarusian parliament's approval of a new constitution on February 26, 2022, further 
solidified the nuclear discourse. The removal of a previous ban on nuclear weapons on 
Belarusian territory raised eyebrows globally, indicating a potential reconfiguration of 
strategic priorities (Williams and Ljunggren 2022). 

Putin’s Nuclear Commitments and Belarusian Response 
The evolving narrative of nuclear sharing between Russia and Belarus took a significant 
turn with President Putin's commitments and subsequent actions. On June 25, 2022, 
Putin pledged to provide Belarus with tactical missile systems capable of firing ballistic 
and cruise missiles with conventional and nuclear warheads (President of Russia 2022). 
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Additionally, he proposed upgrading Belarusian Su-25 aircraft to deliver Russian nuclear 
weapons, highlighting a strategic partnership in military capabilities. 

However, Putin clarified that Belarus would not reciprocate NATO's nuclear sharing 
posture by hosting nuclear weapons on its soil (President of Russia 2022). This 
delineation signaled a nuanced approach to nuclear arrangements, balancing strategic 
interests with diplomatic considerations. 

Operationalization of Nuclear Capabilities 
By December 19, 2022, President Lukashenko announced the operational readiness of 
Russian Iskander short-range ballistic missiles in Belarus, marking a significant 
milestone in the practical implementation of nuclear capabilities (Adamowski 2022). 
These missiles were placed on combat duty, enhancing Belarus's defensive capabilities 
in alignment with Russian strategic interests. 

Putin’s Reversal and Storage Facility Construction 
In the spring of 2023, indications emerged of a reversal in Putin's stance, signaling the 
potential storage of nuclear weapons on Belarusian soil. Satellite imagery and 
intelligence assessments revealed activities near Asipovichy, including inspections for 
upgrades at facilities adjacent to the Iskander-M training site (Guardian News 2023). 
Subsequently, Putin announced plans to construct a special storage facility for tactical 
nuclear weapons in Belarus by July 1, 2023 (Guardian News 2023). 

Formal Deployment and Justification 
On March 25, 2023, Putin formally declared Russia's intent to deploy tactical nuclear 
weapons in Belarus, citing the United States' longstanding practice of nuclear sharing 
with NATO countries as a precedent (Guardian News 2023). He underscored the mutual 
nature of such arrangements, emphasizing training and readiness without violating 
international obligations. 

Analyzing Strategic Shifts 
The decision to deploy nuclear weapons in Belarus signifies a strategic recalibration in 
regional security dynamics. It reflects Russia's efforts to bolster its defensive capabilities 
while leveraging partnerships with neighboring states like Belarus. This move also 
underscores the intricate interplay between military strategy, alliance dynamics, and 
international norms governing nuclear proliferation. 
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Rapid Training and Certification: Strategic Implications in 
Belarus's Nuclear Capabilities 
The swift training and certification of Belarusian pilots and missile crews in handling 
nuclear munitions, as evidenced by reports and video footage, raise significant strategic 
questions and concerns. Beginning their training in Russia in early April 2023, Belarusian 
personnel quickly transitioned to operational readiness, with a video from the Belarusian 
Ministry of Defense showcasing the pilot of a Su-25 explaining his role in delivering 
"special [nuclear] munitions" post-training (ASTRA 2023). 

Geolocation and Operational Assessment 
The geolocation of the video by the Federation of American Scientists to Lida Air Base in 
western Belarus provides crucial context to these developments (Korda, Johns, and 
Kristensen 2023). This base, situated strategically, becomes a focal point for assessing 
Belarus's nuclear capabilities and operational preparedness. 

Comparative Analysis: Training and Certification 
The expedited nature of Belarusian nuclear certification contrasts sharply with the 
timelines observed in US/NATO nuclear weapon systems. While the certification process 
for US/NATO systems can span months or even years, the reported two-week period for 
Belarusian certification presents a striking anomaly (Steele 2012; F-35 Joint Program 
2022). 

Complexity and Ambiguity 
The rapidity of training and certification, coupled with limited visible perimeter 
construction at Lida Air Base, adds complexity and ambiguity to the situation. Questions 
arise regarding the adequacy of infrastructure for nuclear weapons storage and the 
comprehensiveness of safeguards and protocols in place. 

Strategic Assessments and Future Scenarios 
As Belarus enhances its nuclear capabilities and operationalizes nuclear sharing with 
Russia, strategic assessments must delve into several key areas: 

• Operational Integrity: Ensuring the integrity and reliability of nuclear command 
and control systems, particularly in rapid deployment scenarios, remains 
paramount. 
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• Verification and Transparency: International mechanisms for verification and 
transparency regarding nuclear activities in Belarus must be strengthened to 
mitigate uncertainties and promote confidence-building measures. 

• Regional Dynamics: The implications of Belarusian nuclear deployments on 
regional security dynamics, including neighboring countries and broader 
geopolitical considerations, necessitate careful analysis and diplomatic 
engagement. 

Navigating Uncertainties 
The rushed training and certification process, alongside evolving infrastructure 
assessments, contribute to an environment of uncertainty and heightened vigilance. 
Monitoring developments, fostering dialogue, and upholding non-proliferation norms 
become essential pillars of strategic engagement in this evolving landscape. 

 

Implications and Future Trends 
The resurgence of nuclear sharing between Russia and Belarus carries profound 
implications for regional security and international relations. It raises questions about the 
stability of non-proliferation frameworks and the strategic calculus of neighboring states. 

Furthermore, the evolving dynamics in Belarus could have ripple effects on broader 
geopolitical dynamics, especially in the context of Russia's assertive posture in Eastern 
Europe. 

As these developments unfold, monitoring the trajectory of nuclear sharing agreements 
and their impact on global security remains paramount. The international community 
must navigate this complex landscape with vigilance and diplomatic acumen to uphold 
the principles of nuclear non-proliferation and regional stability. 
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Analyzing Russia-Belarus Deployment Agreements and 
Operational Logistics 

 
Deployment Progress and Operational Transparency 
The progression of nuclear deployments in Belarus, as outlined by recent developments 
and satellite imagery analysis, sheds light on the operational transparency and strategic 
intricacies involved. In May 2023, satellite imagery indicated the nearing completion of a 
double-fenced security perimeter at the Asipovichy depot, a crucial milestone in 
infrastructure development (Kristensen and Korda 2023). 

Formalization of Storage Procedures 
Reports emerged in May 2023 detailing the signing of documents between Russia and 
Belarus, delineating procedures for storing Russian non-strategic nuclear weapons in a 
special storage facility within Belarusian territory (Belta 2023c). This formalization 
underscores the institutionalization of nuclear sharing arrangements and operational 
protocols. 

Deployment Activities and Timeline 
During a meeting in June 2023, President Putin and President Lukashenko outlined 
specific timelines and activities related to nuclear deployment. Putin's statement on July 
7–8 as the completion date for relevant facilities and immediate commencement of 
deployment activities signifies a significant operational phase (TASS 2023). 

Initial Deliveries and Future Projections 
By June 16, 2023, Putin confirmed the delivery of the first batch of nuclear warheads to 
Belarus, hinting at ongoing and forthcoming deliveries throughout the year (President of 
Russia 2023). Lukashenko echoed these sentiments, highlighting the substantial 
movement of nuclear weapons to Belarus (Belta 2023b). 

Reports from a group monitoring the Belarusian railway industry further corroborate this 
deployment timeline, with planned deliveries of nuclear weapons and related equipment 
in two batches, aligning with Putin's announced schedule (BELZHD 2023b). Importantly, 
the departure locations in Russia, situated hundreds of kilometers away from known 
nuclear storage sites, raise questions about operational logistics and potential strategic 
considerations (Moon 2023). 
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Analyzing Operational Logistics 
The reported departure locations in Russia prompt considerations regarding sub-
components, security equipment, or deliberate obfuscation of warhead origins (Moon 
2023). This complexity underscores the need for comprehensive assessments of 
operational logistics, security protocols, and transparency measures. 

Navigating Operational Challenges 
As deployment activities progress, navigating operational challenges such as logistics, 
security, and transparency remains a critical imperative. International scrutiny and 
monitoring mechanisms play a vital role in ensuring adherence to non-proliferation 
norms and strategic stability. 

The ongoing deployment of nuclear weapons in Belarus signifies a critical juncture in 
regional security dynamics. Operational transparency, adherence to international norms, 
and strategic assessments are essential elements in managing this evolving landscape 
effectively. As deployment activities continue, proactive engagement and diplomatic 
dialogue become indispensable in promoting stability and confidence-building 
measures. 
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The Intricacies of Russian Nuclear Deployment in 
Belarus: Analyzing Logistics, Political Dynamics, and 
Security Implications 
In early September 2023, the monitoring group overseeing Belarusian railway activities 
raised alarms over the importation of "components of Russian tactical nuclear weapons 
and related equipment" into Belarus. This development, occurring between August 26 
and September 5, marked a significant episode in the ongoing scrutiny of Russian military 
movements within the region. Unlike previous shipments that traversed the Prudok 
station, this batch was redirected through the Krasnoye-Osinovka transfer point near 
Smolensk, raising questions about the strategic reasoning behind this alteration in 
logistics. The intended destinations for these components, Baranovichi and Luninets, are 
strategically located near military air bases, adding layers of complexity to the 
implications of such movements (BELZHD 2023a). 

The intricacies of Putin's strategy in managing the logistical challenges inherent in 
deploying nuclear assets to Belarus are shrouded in uncertainty. Historically, Russian 
nuclear storage sites have undergone prolonged upgrade processes, spanning years 
rather than mere months (Kristensen 2018). Even the establishment of temporary storage 
facilities necessitates substantial investments in security infrastructure, given the 
sensitive nature of nuclear materials. Moreover, the involvement of personnel from the 
12th GUMO, a department within Russia’s Ministry of Defence responsible for nuclear 
arsenal maintenance and transport, signals a deeper entrenchment of Russian military 
operations within Belarus. The logistical complexities extend to the construction of 
segregated living quarters for personnel, a process that can span many months and 
would likely be detectable through satellite imagery surveillance. Critically, the 
deployment of warheads to a storage facility hinges on the readiness of specialized 
equipment and personnel, adding further layers of uncertainty to the current situation. 
As of the time of this analysis, concrete evidence pinpointing the precise locations of 
Russian nuclear warheads in Belarus remains elusive. 

The question of Belarus's influence over Russia's nuclear deployment within its borders 
is a subject of ongoing debate and speculation. President Lukashenko's assertions 
regarding his personal "veto" power over the use of nuclear weapons deployed in Belarus 
injects a dimension of political posturing into the discourse (Faulconbridge 2023). 
Lukashenko's statements, including his affirmation that Belarus possesses the agency to 
utilize these weapons when deemed necessary, underscore the complex interplay of 
power dynamics between Belarus and Russia (Belta 2023a). However, it is crucial to note 
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the inherent improbability of Russia granting Belarus autonomous launch authority over 
its nuclear arsenal, highlighting the delicate balance of power and control in the region. 

The evolving narrative surrounding Russian nuclear deployments in Belarus demands a 
nuanced understanding of the geopolitical, logistical, and security dimensions at play. 
While the specifics of storage locations and operational protocols remain veiled in 
secrecy, the implications of these developments reverberate across regional and global 
security landscapes. The need for continuous monitoring, diplomatic engagement, and 
strategic foresight underscores the gravity of the situation, urging stakeholders to 
navigate the complexities with vigilance and discernment. 
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Reassessing the Nuclear Landscape: South Korea and 
Japan's Strategic Dilemma and the US Extended 
Deterrence 
In the intricate matrix of international security, the evolving nuclear dynamics in East 
Asia, specifically relating to South Korea and Japan, represent a critical juncture in the 
regional and global strategic balance. The perennial threat posed by North Korea, 
characterized by its unrelenting development of nuclear capabilities and erratic 
aggressive posturing, has significantly shaped the security policies of both South Korea 
and Japan. This evolving scenario has raised pertinent questions about the reliability and 
sufficiency of the US extended nuclear deterrence, especially in the face of heightened 
regional uncertainties and shifting geopolitical alliances. 

The Catalysts of Change in South Korea and Japan 
In recent years, South Korea and Japan have found themselves at a crossroads, 
compelled to reevaluate their strategic priorities and defense postures in response to a 
dual challenge: the direct nuclear threats from North Korea and the perceived 
ambiguities in the US security guarantees amidst shifting American foreign policy 
priorities. These challenges have stirred significant policy debates within the nations and 
reignited discussions on potentially transformative defense strategies, including the 
concept of a NATO-style nuclear sharing arrangement or the redeployment of US tactical 
nuclear weapons. 

The dialogue in Japan has been marked by a cautious reassessment of its post-World War 
II pacifist stance, nudged by the continuous provocations by North Korea. Similarly, in 
South Korea, there has been a remarkable shift in public opinion and policy debates 
regarding nuclear weapons. A notable reflection of this shift was observed in a poll 
conducted by the Chicago Council on Global Affairs in February 2022, where 71 percent 
of South Korean respondents supported the idea of South Korea developing its own 
nuclear arsenal, while 56 percent were in favor of the redeployment of US nuclear 
weapons on South Korean soil (Dalton, Friedhoff, and Kim 2022). These figures not only 
underscore a significant transformation in public sentiment but also pressure 
policymakers to explore new avenues for ensuring national security. 

The Washington Declaration: A New Chapter in US-South Korea 
Alliance 
Amid these burgeoning security concerns, a significant development occurred in April 
2023 when South Korean President Yoon Suk-yeol and US President Joe Biden convened 
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to fortify their nations' military alliance. This meeting culminated in the signing of The 
Washington Declaration, a pivotal document that underscored the United States' 
commitment to extended deterrence in South Korea. This agreement marked the first 
presidential-level affirmation exclusively focused on extended deterrence, setting a 
precedent for future engagements and policy formulations. 

The Washington Declaration facilitated the establishment of the Nuclear Consultative 
Group, a platform intended for unparalleled bilateral consultation on US nuclear policy 
and strategic planning in the context of ensuring South Korea's security. The timing and 
the strategic implications of this development cannot be overstated, especially 
considering that soon after the declaration was signed, the USS Kentucky SSBN made a 
port call in Busan. This event was historic as it represented the first visit of an SSBN to 
South Korea since 1981 and marked the re-entry of US nuclear weapons into South 
Korean territory for the first time since 1991 (Shin and Smith 2023). This deployment 
served as a robust, visible symbol of the US's commitment to South Korea's defense, 
potentially altering the regional security calculus. 

The intricate web of security concerns, alliance dynamics, and strategic decisions 
encapsulating the nuclear discussions in South Korea and Japan highlights the 
complexity of maintaining stability in a region marred by historical animosities and 
contemporary threats. The reevaluation of nuclear policy and the exploration of new 
defense mechanisms are indicative of broader shifts within the international security 
paradigm, where traditional alliances are continually reassessed in light of emerging 
threats and opportunities. 

The evolving narrative around nuclear strategy in South Korea and Japan underscores a 
critical phase in the Indo-Pacific's geopolitical landscape. As these nations navigate their 
paths forward, the international community remains keenly observant of the 
ramifications these choices will have on regional and global peace and stability. 
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The Polish Ambition in NATO's Nuclear Framework 
Poland's strategic orientation towards enhanced nuclear collaboration with the United 
States marks a significant development within NATO's broader nuclear sharing dialogue. 
In June 2023, Polish Prime Minister Mateusz Morawiecki articulated Poland's aspiration 
for deeper involvement in NATO's nuclear initiatives, signaling a potential shift in Eastern 
European nuclear policy dynamics (Łukaszewski 2023). As a participant in the Nuclear 
Planning Group and SNOWCAT operations, Poland's push for an expanded role could 
include hosting B61 nuclear bombs or enabling Polish aircraft to deliver US nuclear 
weapons. 

This proposition, however, encounters a complex web of strategic, political, and legal 
hurdles. In December 2021, NATO Secretary General Jens Stoltenberg responded to 
queries about the potential stationing of nuclear weapons in Poland with a clear 
reaffirmation that there were no plans to expand nuclear weapon deployment beyond 
existing sites (NATO 2021). Moreover, the NATO-Russia Founding Act of 1997 explicitly 
prohibits the establishment of nuclear weapon storage sites in member states that joined 
the alliance post-1997, including Poland. This stipulation has been a cornerstone of 
NATO's post-Cold War expansion policy, aimed at maintaining strategic stability in 
Europe. However, the annexation of Crimea by Russia in 2014 led some analysts to 
question the continued relevance of the NATO-Russia Founding Act, suggesting that it 
might be seen as a "dead letter" in the current geopolitical context (Deni 2017). 

During a 2023 visit to Finland, Jessica Cox, head of NATO's Nuclear Policy Directorate, 
reiterated that there were no immediate plans to alter the locations of nuclear 
deployments or the nuclear sharing arrangements, further complicating Poland's nuclear 
ambitions (Kervinen 2023). 
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Sweden and Finland: New Entrants with a Neutral 
Legacy 
The geopolitical landscape of Northern Europe witnessed a significant transformation 
following Russia’s 2022 invasion of Ukraine, prompting both Sweden and Finland to seek 
NATO membership. Historically known for their neutral stances and strong commitment 
to nonproliferation, the participation of these countries in NATO’s nuclear framework 
remains a subject of considerable speculation and strategic deliberation. 

In April 2023, Finland’s Ministry of Defence announced its participation in NATO’s 
Nuclear Planning Group and expressed willingness to support NATO nuclear operations 
outside its territory, potentially involving SNOWCAT functions (Kauranen 2023). However, 
Finland's President had already clarified in November 2022 that Finland would not allow 
the stationing of nuclear weapons on its soil (Yle 2022), maintaining a cautious approach 
towards nuclear armament. 

Similarly, Sweden’s integration into NATO does not envisage the stationing of nuclear 
weapons on its territory during peacetime, as confirmed by Swedish Minister for Foreign 
Affairs Tobias Billström in February 2023 (Billström 2023). This stance aligns with the 
approaches of other Nordic countries, emphasizing a regional preference for non-
nuclear status in peacetime conditions. 
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The Debate within Existing Nuclear Sharing Nations: 
Belgium and Germany 
In Western Europe, the discourse surrounding nuclear sharing has been dynamic, 
influenced significantly by the deteriorating security environment post-Russia’s invasion 
of Ukraine. In Belgium, a vigorous parliamentary debate in 2020 on whether to continue 
hosting US nuclear weapons concluded with a narrow decision to maintain the status 
quo (Belgian Federal Parliament 2020, Galindo 2020). Germany witnessed a similar 
debate, as the emergence of a new coalition government in 2021 brought to fore 
discussions about the future of US nuclear weapons on German soil. The coalition 
agreement eventually affirmed Germany's role as a nuclear host nation, albeit not 
without controversy regarding the legal implications for German soldiers involved in 
nuclear operations (Siebold and Wacket 2021, Meier 2020). 

These debates reflect a broader European struggle to balance national sovereign 
interests with collective security imperatives under the NATO umbrella. The evolving 
narrative around nuclear sharing, especially in the context of new NATO members and 
changing geopolitical realities, highlights the complexity of maintaining a coherent and 
unified approach to nuclear deterrence in an increasingly multipolar world. 

As NATO continues to navigate these turbulent waters, the alliance's ability to adapt its 
nuclear posture in response to shifting strategic landscapes will be crucial for its 
credibility and the effectiveness of its deterrence capabilities. 
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Israeli Nuclear Weapons: A Detailed Examination of its 
History and Policy of Ambiguity 
The inception of Israel’s nuclear weapons program can be traced back to the mid-1950s, 
a period marked by the visionary leadership of the country’s first prime minister, David 
Ben Gurion.  

The strategic landscape of the Middle East during this era, dominated by the superior 
conventional military capabilities of Arab states surrounding Israel, prompted Ben Gurion 
to consider nuclear capabilities as a critical insurance policy for national survival. 
Historian Avner Cohen highlights that Ben Gurion's decision to initiate a nuclear program 
was driven by strategic intuition and profound security concerns, rather than a 
meticulously crafted strategy (Cohen 1998).  

Recognizing the significance of nuclear deterrence, Ben Gurion appointed Shimon Peres, 
a future prime minister, to spearhead this monumental task. 

The formative years of Israel's nuclear development were characterized by significant 
international collaborations, notably with France. In 1957, under the guidance of Peres, 
Israel secured a substantial agreement with France that included a research reactor and 
plutonium separation technology.  

This was followed by the acquisition of 20 tons of heavy water from Norway in 1959, 
crucial components for Israel’s nuclear ambitions (Cohen and Burr 2015). The 
construction of the Negev Nuclear Research Center near Dimona, which began in early 
1958, marked a pivotal moment in Israel’s nuclear development. Despite its public 
portrayal as a civilian endeavor, the facility’s primary purpose was always oriented 
towards nuclear weapons development. 
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Image : A photo from the 1960s of the nuclear facility outside Dimona (Flash90/US 
National Security Archive) 

The true intent behind the Negev Nuclear Research Center remained obscured from 
international scrutiny, particularly the United States, until nearly a decade after its 
inception. Initially, in 1958, when the U.S. became aware of the construction, a 
meticulously orchestrated deception campaign by Israel successfully misled U.S. 
inspectors. The Israeli government went to great lengths, including fabricating a control 
room with false panels and instruments, to present Dimona as a civilian research facility 
without the capabilities necessary for weapons production (Hersh 1991). 

This deception was part of a broader strategy to avoid stringent international inspections 
and maintain a degree of autonomy in nuclear development. The U.S., for its part, showed 
a reticent approach to pressing Israel for a formal inspection protocol, settling instead for 
what were termed "scientific visits" rather than thorough inspections. This approach 
allowed Israel considerable leeway to advance its nuclear capabilities discreetly. 
Documents from this period suggest that U.S. intelligence underestimated the extent of 
Franco-Israeli cooperation and was unaware of the significant infrastructure being 
developed underground at the Negev site, including a large chemical reprocessing plant 
essential for producing weapons-grade plutonium (Cohen and Burr 2021). 

By 1965, the facility was reportedly fully operational, and Israel commenced plutonium 
production the following year. The exact timeline for the completion of Israel’s first 
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operational nuclear weapons remains unclear, but it is widely believed that Israel had the 
capability to assemble, or at least attempt to assemble, rudimentary nuclear devices 
during the tense period preceding the Six-Day War in May 1967. 

The Doctrine of Nuclear Ambiguity 
Since the late 1960s, Israel has adhered to a policy of nuclear ambiguity, known in 
Hebrew as "Amimut." This policy strategically obscures the existence of Israeli nuclear 
weapons and the operational status of its nuclear arsenal. Publicly, this policy has been 
articulated through statements like those made by former Prime Minister Benjamin 
Netanyahu, asserting that Israel "will not be the first to introduce nuclear weapons into 
the Middle East" (Netanyahu 2011). This stance, however, is layered with various 
interpretations and conditions that essentially render it ambiguous. 

Israeli officials, including ambassadors and defense personnel, have often engaged in 
semantic discussions about what "introducing" nuclear weapons means, arguing that it 
does not necessarily include possession unless accompanied by testing, public 
declaration, or actual use. This interpretation was notably discussed during U.S.-Israel 
negotiations in 1969 regarding the purchase of F-4 Phantom aircraft, highlighting differing 
understandings of "introduction" and its implications (US State Department 1969a). 

Kissinger's diplomatic maneuvering during these discussions emphasized a flexible 
interpretation of "introduction," aligning it with the definitions used in the Nuclear Non-
Proliferation Treaty (NPT). This approach allowed the U.S. to maintain a strategic 
partnership with Israel while avoiding direct confrontation over its nuclear program. The 
tacit understanding that emerged from these negotiations indicated that the U.S. would 
not pressure Israel to sign the NPT as long as Israel maintained restraint and opacity 
regarding its nuclear capabilities (White House 1969c). 

Throughout the years, this policy of ambiguity has been challenged by occasional slips or 
indirect admissions by Israeli officials, which have sparked international attention and 
speculation. Despite these moments, Israel has consistently managed to maintain its 
policy of ambiguity, effectively navigating the complex diplomatic landscapes of nuclear 
nonproliferation and regional security. 
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Below is a detailed scheme table based on the provided data about Israeli military 
nuclear capabilities, focusing on the various platforms used for deploying nuclear 
weapons (land, air, and sea), as well as the specific missile systems and aircraft 
involved. 

Category Details 

General 
- Israel possesses a nuclear triad of land, air, and sea-based 
deployment methods. 

Missiles - Jericho I: First operational in 1971, possibly retired in the 1990s. 

 

- Jericho II: Medium-range missile, entered service in mid-1980s, range 
of 2,800–5,000 km, capable of delivering nuclear weapons. 

 

- Jericho III: ICBM, operational since January 2008, estimated range up 
to 11,500 km, payload of 1,000–1,300 kg, possibly MIRV-capable. 

 

- Shavit: Civilian space launch vehicle, derived from Jericho II, used 
since 1988. 

 

- Jericho II B: Modified to carry a 1 ton nuclear payload up to 5,000 km; 
capable of being extended to 7,800 km. 

Aircraft 
- Israeli Air Force: Long-range strike aircraft capable of nuclear 
delivery, including F-15, F-15I, and F-16. 

 

- Operation Wooden Leg: Demonstrated strategic reach of Israeli 
aircraft with aerial refueling capabilities. 

Submarines 
- Dolphin-Class Submarines: Fleet of submarines capable of 
launching long-range cruise missiles with nuclear capabilities. 

 

- Popeye Turbo: Cruise missile with a range of 1,500–2,400 km, 
capable of carrying nuclear and conventional warheads. 

 

- Additional Capabilities: Two new Dolphin II class submarines added, 
equipped with an air-independent propulsion system. 

Key Events - 1961: Test-fired Shavit II sounding rocket. 

 
- 1963: Initiated Project 700 with France to develop Jericho missiles. 
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Category Details 

 
- 2000: Test launch of cruise missiles in the Indian Ocean. 

 
- 2008: Successful test of Jericho III from Palmachim Airbase. 

 

- 2009: Submarine movement through Suez Canal to demonstrate 
extended reach. 

 
- 2012: Report by Der Spiegel on nuclear missiles on new submarines. 

Development 
- Ernst David Bergmann: Initiated thinking about Israel’s ballistic 
missile capability. 

 

- Collaborations: Worked with French company Dassault in the early 
missile development stages. 

 

- Enhancements: Continuous upgrades to missile systems to enhance 
range and payload capabilities. 

Challenges 

- 1998: US rejection of Tomahawk missile sale under the Missile 
Technology Control Regime, prompting Israel to develop its own 
capabilities. 
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Table. Israeli nuclear weapons 
Type Year First Range(k

m) 
Payload Comment 

Aircraft          

F-16I 1980 1600   Possible nuclear strike role. Nuclear 
bombs possibly stored disassembled 
at underground facility near Tel  Nof Air 
base. 

F-15I 1998 3500   Potential nuclear strike role. 
Land-
based 
missies 

        

Jericho II 1984-
1985 

2800-
5000 

1000 Possibly 25–50 launchers in caves at 
Sdot Micha. 

Jericho III 2011 4800-
6500 

1000-
1300 

Probably replacing Jericho II. 

Sea-
based 
missiles 

        

Popeye 
Turbo 
SLCM 

2003 1500   Rumored cruise missile for land-attack 
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Examination of Israel's Near-Introductions of Nuclear 
Weapons 

Incident 1: The Six-Day War in 1967 
One of the first documented instances where Israel came close to deploying nuclear 
weapons occurred during the Six-Day War in June 1967. This tense period saw the 
formulation of Operation "Shimson" (Samson), a secret plan involving a nuclear 
detonation for demonstrative purposes aimed at altering the military calculus of the Arab 
coalition. Primary sources and testimonies from former Israeli officials reveal that a 
specialized team of commandos was prepared to execute this nuclear demonstration if 
necessary. However, the overwhelming conventional military success achieved by Israel 
during the conflict rendered the execution of Operation Shimson unnecessary (Cohen 
2017). 

Incident 2: The Yom Kippur War in 1973 
The second significant incident transpired during the Yom Kippur War in October 1973. 
Amid escalating tensions and the perceived imminent defeat by Syrian forces in the 
Golan Heights, there were rumors of Israel putting its nuclear forces on high alert. These 
rumors first surfaced in a 1976 Time magazine article and were later expanded upon in 
Seymour Hersh’s "The Samson Option." Despite these reports, a more nuanced view 
emerged from an interview conducted by Avner Cohen with Arnan (Sini) Azaryahu, a 
senior aide to Yisrael Galili, a key political figure and confidant of then-Prime Minister 
Golda Meir.  

Azaryahu recounted a critical moment on the second day of the war when Defense 
Minister Moshe Dayan proposed the initiation of technical preparations for a potential 
nuclear demonstration. However, this was staunchly opposed by senior ministers who 
believed in the effectiveness of conventional warfare, leading Meir to instruct Dayan to 
abandon the nuclear option (Cohen 2013). 

Further examination by the Strategic Studies division of the Center for Naval Analyses in 
2013 supported the assertion that no full nuclear alert was ordered. Their comprehensive 
review of US intelligence archives and interviews revealed minimal evidence of Israeli 
nuclear weapons-related activity during the war, except for a possible increase in 
readiness of its Jericho missile batteries, suggesting only precautionary measures were 
likely taken (Colby et al. 2013). 
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Incident 3: The Vela Incident in 1979 
The third and perhaps most ambiguous incident is known as the Vela Incident, which 
occurred on September 22, 1979. A US surveillance satellite, Vela 6911, detected a 
mysterious double-flash over the Indian Ocean, which was initially suspected to be an 
Israeli nuclear test, potentially with South African support. This event sparked a 
significant investigation, and a 1980 White House panel eventually concluded that the 
signal was unlikely to have resulted from a nuclear detonation. Despite these official 
findings, many US scientists and intelligence analysts remained skeptical, believing the 
conclusions were influenced by political motives to avoid straining US-Israel relations. 
Declassified documents suggest that some Israeli sources might have confirmed the 
nuclear test to US officials and journalists, though these claims were either downplayed 
or dismissed (Cohen and Burr 2016). 

Ongoing Policy of Ambiguity and Its Strategic Utility 
Israel's continued policy of nuclear ambiguity, coupled with these incidents of near-
introduction, underscores a complex strategic calculus designed to maintain a balance 
between deterrence and diplomatic flexibility. By not confirming or denying the existence 
of nuclear weapons, Israel aims to project strength while avoiding explicit challenges to 
regional stability and international nonproliferation norms. 

This policy has served Israel's strategic interests well, allowing it to navigate a volatile 
regional landscape without the diplomatic repercussions that might accompany formal 
acknowledgment of its nuclear capabilities. However, this approach also invites scrutiny 
and criticism, particularly regarding the transparency and accountability standards 
expected of modern states in the global community. 

Despite the strategic advantages afforded by its nuclear ambiguity, Israel faces ongoing 
challenges. These include managing international perceptions and aligning its nuclear 
stance with broader nonproliferation efforts while ensuring that its security needs are 
met in an increasingly complex and nuclear-aware regional environment. 

Thus, the history and policy surrounding Israel's nuclear weapons program continue to 
be a subject of intense study and debate. The balance between deterrence, secrecy, and 
the international community's call for transparency forms a delicate dance that shapes 
not only regional security dynamics but also the broader discourse on nuclear 
nonproliferation. 
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Israel's Nuclear Ambiguity: An In-depth Analysis of its 
Arsenal and Capabilities 
Israel's stance on nuclear capability has long been one of ambiguity and opacity. Without 
official confirmation or detailed public data from the Israeli government or global 
intelligence communities, the discourse around Israel's nuclear arsenal has been 
primarily speculative. This analysis seeks to provide a comprehensive overview of the 
estimated size and composition of Israel's nuclear stockpile, the sophistication of its 
nuclear weapons, and the ongoing debates surrounding its nuclear strategy. 

The Size of Israel's Nuclear Arsenal 
Estimations concerning the number of nuclear warheads Israel possesses vary widely. 
Various sources, including news media, think tanks, and nuclear analysts, have 
speculated numbers ranging from as low as 75 to more than 400 warheads. However, a 
more credible and conservative assessment suggests that the number is likely closer to 
90 warheads. These are believed to be deliverable via multiple platforms including 
aircraft, land-based ballistic missiles, and, more recently, sea-launched cruise missiles. 

The speculative nature of these figures is due to the absence of concrete public 
information and the secretive approach Israel maintains regarding its nuclear 
capabilities. The estimations are typically derived from indirect data, such as the amount 
of plutonium produced at the Dimona nuclear reactor, and the delivery systems Israel 
has at its disposal. 

Technological Sophistication of Israel's Nuclear Weapons 
The design and sophistication of Israeli nuclear weapons are subjects of significant 
debate. The discussion took a notable turn following the public revelations by Mordechai 
Vanunu, a former Israeli nuclear technician, in 1986. According to Vanunu's descriptions, 
which were later analyzed by Frank Barnaby, a nuclear physicist, Israel's arsenal includes 
advanced nuclear weapons designs beyond the simple Nagasaki-type implosion 
weapons. Vanunu's disclosures suggested the existence of boosted nuclear weapons in 
Israel's arsenal, specifically noting the production of lithium-deuteride. 

Despite these claims, there is skepticism about the extent of Israel's thermonuclear 
capabilities. Reports from the Institute for Defense Analyses in 1987 highlighted Israel's 
possible limitations in computational capabilities necessary for developing 
sophisticated thermonuclear weapons. This suggests that while Israel might possess 
advanced boosted fission weapons, the development of true two-stage thermonuclear 
weapons might be constrained. 
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The 1979 Vela Incident and Its Implications 
One pivotal event in the discourse on Israel’s nuclear tests is the 1979 Vela incident, 
where a suspected nuclear test was detected by an American Vela Hotel satellite. If Israel 
was responsible for this incident, it would represent its only known atmospheric nuclear 
test. This singular event contrasts with the extensive testing programs conducted by 
established nuclear powers to refine their nuclear arsenals, suggesting that Israel’s 
nuclear designs might not be as sophisticated as those of other nuclear nations. 
However, Israel's alleged access to French nuclear test data in the 1960s could have 
compensated for its limited testing history. 

Plutonium Production and Warhead Estimates 
Most publicly available estimates of Israel’s nuclear arsenal are based on the plutonium 
production capacity at the Dimona reactor. Estimates from the 1980s suggested that 
Israel could have produced enough plutonium for up to 200 warheads. However, 
operational inefficiencies and the presumed strategic reserve of plutonium suggest that 
the actual number of warheads could be lower. As of 2020, it was estimated that Israel 
might possess around 980 ± 130 kilograms of plutonium, translating potentially to 170 to 
278 nuclear warheads, assuming a second-generation, single-stage, fission-implosion 
warhead design. 

Operational Capacity and Delivery Systems 
The effective number of Israeli nuclear warheads is also influenced by the limited number 
of delivery systems capable of deploying them. Israel's arsenal of aircraft and missiles 
equipped for nuclear delivery is relatively constrained, suggesting that the total number 
of operational nuclear warheads is lower than some speculative figures indicate. 
Moreover, the strategic needs and targeted objectives of Israel in a potential conflict 
scenario also play a crucial role in determining the operational stockpile. 

Future Outlook: The Dimona Reactor and Beyond 
Looking ahead, the operational future of the Dimona reactor is a critical factor in Israel's 
nuclear strategy. The reactor is nearing the end of its useful life, with significant structural 
concerns, such as the deteriorating condition of its aluminum reactor pressure vessel. 
Despite these challenges, Israeli officials have indicated plans to continue operating the 
reactor until 2040. Satellite imagery from 2021 shows significant construction activity 
near the reactor, possibly linked to life-extension efforts. However, the eventual 
replacement of the Dimona reactor poses a complex challenge, especially given Israel's 
non-party status to the Non-Proliferation Treaty and the associated difficulties in 
acquiring nuclear technology under strict international controls. 
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Image : New construction near the plutonium production reactor at the Negev Nuclear 
Research Center near Dimona – copyright debuglies.com  



 

  
COPYRIGHT DEBUGLIESINTEL.COM UPDATE : 12/2024 – VER. 1.1 

 

224 2024 – Nuclear Dilemma 

Integration of Nuclear Capabilities in the Israeli Air Force 

F-16 Fighting Falcons: The Nuclear Spearhead 
The F-16 Fighting Falcon has long been a cornerstone of the Israeli Air Force (IAF), serving 
since the 1980s. Israel has acquired over 200 units of various F-16 models, including the 
advanced F-16I, which are specially configured for enhanced capabilities. In the context 
of the United States Air Force and among NATO allies, various versions of the F-16 have 
been designated for nuclear strike roles. This background positions the F-16 as a 
probable candidate for delivering Israel’s nuclear weapons. 

Israeli F-16s are dispersed across several bases, including Ramat David Air Base in 
northern Israel and Tel Nof, Hatzor, Hatzerim, Ramon, and Ovda air bases spread through 
central and southern Israel. Among these, only a select few squadrons are speculated to 
be equipped and trained for nuclear missions. These squadrons would likely have 
undergone special modifications and training to handle nuclear armaments, reflecting a 
highly specialized capability within the broader framework of the IAF. 

F-15I Strike Eagles: Enhanced Long-Range Nuclear Delivery 
Since 1998, Israel has also incorporated the Boeing F-15E Strike Eagle into its arsenal, 
acquiring 25 of these aircraft, known as F-15I “Baz”. The F-15I is distinguished by its 
heavier takeoff weight and extended range, capable of reaching speeds up to Mach 2.5 at 
high altitude. These aircraft have been modified with advanced radar systems capable of 
terrain mapping, alongside other sophisticated navigation and guidance systems, 
enhancing their suitability for strategic long-range missions. 

The deployment of F-15Is from Tel Nof air base to the United Kingdom in 2019 for an 
exercise led to speculations by a US official about the involvement of Israel's nuclear 
squadron, indicating a possible nuclear role for these aircraft within the IAF. 

The Advent of F-35I Adir: The Future of IAF’s Nuclear Strategy 
The introduction of the F-35 Lightning II marks a significant evolution in Israel’s aerial 
warfare capabilities. Israel has ordered 50 F-35s, receiving 30 by 2021, and has begun 
integrating these into its air force as the F-35I “Adir”—translating to "mighty" in Hebrew. 
The F-35I includes custom modifications such as indigenously designed electronic 
warfare suites, guided bombs, and air-to-air missiles, marking a significant upgrade over 
older aircraft models. 

These aircraft are stationed at Nevatim Air Base and are organized into three squadrons: 
the 140th “Golden Eagle” squadron, the 116th “Lions of the South” squadron, and the 
117th “First Jet” squadron. The latter primarily serves as a training squadron. The F-35’s 
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potential for nuclear armament came into public discussion when the US Air Force 
announced upgrades to its F-35As to carry nuclear bombs. Speculation arose about 
whether Israel had requested similar upgrades for the F-35Is, although official 
confirmations remain elusive. 

Operational Considerations and Strategic Implications 
The operational configuration of Israel’s nuclear-capable aircraft involves not only the 
aircraft themselves but also the strategic infrastructure supporting them. Nuclear 
warheads are likely stored in secure underground facilities, possibly near one or two 
specific air bases such as Tel Nof and Hatzerim. These bases are strategically located to 
support rapid deployment and operational security, crucial for maintaining Israel's 
nuclear deterrent. 

The distribution of nuclear capabilities across different aircraft types and the ongoing 
upgrades to newer models like the F-35I reflect a deliberate strategy by Israel to maintain 
a credible, flexible, and highly capable nuclear deterrent. This approach ensures that 
Israel can respond to a variety of threats while maintaining the secrecy and ambiguity that 
has long characterized its nuclear posture. 

As Israel continues to modernize its fleet and possibly expand its nuclear capabilities to 
newer aircraft models, the dynamics of strategic stability in the region could be 
significantly influenced. The integration of advanced aircraft like the F-35I into Israel's 
nuclear strategy not only enhances the operational capabilities of the IAF but also adds 
a layer of complexity to the nuclear deterrence calculations of potential adversaries. 
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Image: Tel Nof and possibly Hatzerim air bases might have nuclear weapons roles 
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Israel's Land-based Ballistic Missile Program: A Detailed 
Analysis of the Jericho Missile System 
Israel's nuclear missile program, specifically its land-based ballistic missile system, has 
been a critical component of its national defense strategy for several decades. This 
program, which began in the early 1960s, has evolved through several stages, marked by 
significant advancements in missile technology and strategic deployment. This detailed 
analysis explores the development, capabilities, and strategic implications of Israel's 
Jericho missile system. 

The Genesis of the Jericho Missile Program 
The origins of Israel's ballistic missile program date back to April 1963, several months 
before the Dimona reactor commenced plutonium production. During this period, Israel 
entered into a crucial agreement with the French company Dassault to develop a short-
range, surface-to-surface ballistic missile. This initiative led to the creation of the Jericho 
missile system, also known as MD-620, which was finalized around 1970 with an initial 
batch of 24 to 30 missiles. 

According to most sources, the Jericho was designed as a mobile missile, capable of 
being transported and launched from a transportable erector launcher. This mobility was 
crucial for ensuring the missile's survivability and flexibility in deployment. However, a US 
State Department study from May 1969 under National Security Study Memorandum 40 
suggested that Israel was constructing hardened silos for the Jericho missiles to 
establish a nearly invulnerable nuclear force, primarily to deter a nuclear first strike from 
its adversaries and ensure a second-strike capability. This assertion pointed towards an 
early phase of what would eventually be mobile launcher bunkers at Sdot Micha, 
although concrete evidence of such silos has remained elusive in public domains. 

Evolution to Jericho II 
The late 1980s marked a significant evolution in Israel's missile capabilities with the 
development of the Jericho II missile in collaboration with South Africa. This two-stage, 
solid-fuel, medium-range missile represented a substantial upgrade over its 
predecessor. Notably, it was a modified version of the Shavit space launch rocket. The 
Jericho II extended Israel's reach, placing the southernmost Soviet cities and the Black 
Sea Fleet within its range for the first time. The missile was first flight-tested in May 1987, 
covering approximately 850 kilometers into the Mediterranean Sea. A subsequent test in 
September 1989 successfully extended its reach to 1,300 kilometers. By 1996, the US Air 
Force National Air Intelligence Center reported its range at 1,500 kilometers. 
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Introduction of Jericho III 
With parts of Iran, including Tehran, beyond the reach of the Jericho II, Israel began 
upgrading its arsenal with the Jericho III in the early 2000s. This three-stage, intermediate-
range ballistic missile, first test-launched in January 2008, significantly enhanced Israel's 
strategic reach with a capability exceeding 4,000 kilometers. This range allowed it to 
target not only all of Iran but also Pakistan and most of Russia west of the Urals, including 
Moscow for the first time. Initial operational capability of the Jericho III was reportedly 
achieved in 2011. An improved variant, possibly designated Jericho IIIA, was tested in July 
2013, featuring a new motor that may extend its range to over 5,500 kilometers. 

Current Status and Speculations 
Despite the advancements and tests, many details about the Jericho III's current status 
and capabilities remain shrouded in secrecy. Recent years have seen several tests of 
what Israel describes as "rocket propulsion systems," with tests in 2015, 2017, 2019, and 
2020. These activities have fueled speculation about ongoing developments in the 
Jericho series, potentially leading to a Jericho-IV. 

Estimates of the number of Jericho missiles in Israel's arsenal vary widely, with most 
sources suggesting around 50 missiles stationed at the Sdot Micha facility near Zakharia. 
Commercial satellite imagery has revealed two clusters of caves or bunkers at Sdot 
Micha, which are likely used for mobile Jericho launchers. Each cluster has been 
upgraded over the years, with enhancements to missile handling and warhead storage 
facilities. The strategic layout of the Sdot Micha base, with its compact size and road-
limited launcher caves, offers a robust defense against conventional attacks but raises 
concerns about vulnerability to nuclear strikes. 

Strategic Deployment and Crisis Management 
In potential crisis scenarios, Israeli strategy would likely involve dispersing Jericho 
launchers from Sdot Micha to pre-determined, remote launch areas. This strategy aligns 
with historical indications from US State Department documents, which in 1969 cited 
evidence of operational launch sites nearing completion. This deployment strategy 
underscores the importance of mobility and survivability in Israel's nuclear doctrine, 
aimed at maintaining a credible deterrent and ensuring national security amidst regional 
uncertainties. 
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Image : The suspected Sdot Micha Jericho nuclear missile base includes two dozen 
bunkers for mobile launchers –  

A) Potential warhead storage bunkers – Bunker entrance 
B) 14 bunkers for Jericho missiles TELs – Covered TEL loading facility 
C) 9 bunker for Jerico missile TELs 
D) High-bay garage for TEL service 
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The Role of Dolphin-Class Submarines 
Israel's underwater fleet comprises advanced German-built submarines, including three 
Dolphin-class and two Dolphin II-class diesel-electric submarines. These submarines 
are central to Israel's strategic deterrent capabilities, especially in the context of 
maintaining a credible second-strike option. 

Dolphin-Class Submarines 
The original Dolphin-class submarines, provided by Germany, represent a significant 
leap in Israel's naval capabilities. These submarines are equipped with six standard 533 
millimeter torpedo tubes and are capable of engaging in traditional submarine warfare 
and strategic patrols. 

Dolphin II-Class: Enhanced Capabilities 
Introduced to enhance the operational capabilities of the Dolphin-class, the Dolphin II-
class submarines incorporate Air Independent Propulsion (AIP) systems. This technology 
allows the submarines to operate underwater for extended periods—up to 18 days 
without surfacing—compared to the significantly shorter underwater endurance of their 
predecessors. This capability is critical for maintaining stealth and survivability, reducing 
the need to surface for air and battery recharging, thereby enhancing the submarines' 
stealth capabilities. 

Strategic Expansion and Upgrades 
In 2017, the Israeli government under Prime Minister Netanyahu signed a memorandum 
of understanding with Germany to acquire three additional Dolphin II-class submarines. 
These new units are intended to replace the older Dolphin-class submarines, ensuring 
the modernization and sustainability of Israel's submarine fleet. However, the 
procurement process has been complicated by a corruption scandal, leading to delays 
in the acquisition of these critical assets. 

Sea-Launched Missile Capabilities 
In addition to traditional torpedoes, Israel's submarines are reportedly equipped with four 
specially-designed 650 millimeter tubes. These larger tubes are speculated to be 
capable of launching a sea-based variant of the "Popeye Turbo" air-to-surface missile. 
This missile system, developed indigenously by Israel, enhances the strategic reach of 
the submarines, potentially allowing them to engage targets at considerable distances, 
although claims of its range exceeding 1,000 kilometers are likely overstated. 
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Nuclear Capabilities at Sea 
There has been longstanding speculation, supported by reports such as those from Der 
Spiegel in 2012, that Israel intends to or has already equipped its submarines with 
nuclear-tipped missiles. Such capabilities would significantly enhance Israel's nuclear 
deterrence posture, providing it with a viable second-strike capability that is less 
vulnerable to preemptive strikes. Former German officials and various analyses suggest 
that the German government has been aware of Israel's intentions to deploy nuclear 
weapons on its submarines for decades, viewing the submarines as primarily serving a 
strategic nuclear role. 

Operational Deployments and Strategic Significance 
Israel's submarines are home-ported near Haifa on the Mediterranean coast. In recent 
years, they have demonstrated their operational flexibility and strategic value by 
occasionally transiting through the Suez Canal. These movements are likely intended as 
a deterrence signal to Iran, showcasing Israel's ability to project power far from its shores 
and to potentially respond to threats emerging from its regional adversaries. 

The strategic importance of Israel's submarine fleet cannot be overstated. As regional 
tensions persist, particularly with Iran's advancing nuclear program, the capability to 
deploy submarines equipped with both conventional and nuclear weapons provides 
Israel with a critical layer of security and deterrence. This capability ensures that Israel 
retains a wide range of options to address various threats, reinforcing its position in the 
region and safeguarding its national security interests. 

As Israel continues to enhance and expand its submarine fleet, these assets will play a 
pivotal role in its defense strategy, particularly in the domain of nuclear deterrence. The 
integration of advanced technologies and the acquisition of new submarines will further 
solidify Israel's ability to maintain a credible and effective deterrent posture in an 
increasingly complex and challenging security environment. 
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Pakistan's Nuclear Arsenal: Insights into Capabilities, Challenges and 
Political Implications 
This document delves into one of the most enigmatic and strategically significant aspects 
of contemporary global security: Pakistan's nuclear arsenal. It represents a meticulous 
analysis of Pakistan's nuclear capabilities, offering unparalleled insights into the evolving 
landscape of nuclear arsenals worldwide. 

Pakistan's nuclear arsenal comprises approximately 170 warheads, a figure poised to 
rise to approximately 200 by 2025 based on current growth trajectories. This expansion 
encompasses not only an increase in warheads but also a broader enhancement of 
delivery systems and fissile material production capabilities. Notably, recent 
commercial satellite imagery has revealed significant developments at Pakistani military 
installations, indicating advancements in launchers and related nuclear infrastructure. 

Estimation Challenges 
The estimations presented in this Notebook are subject to considerable uncertainty, 
owing to the limited official disclosures regarding Pakistan's nuclear arsenal. Unlike 
many other nuclear-armed states, Pakistan has maintained a policy of non-disclosure 
regarding the specifics of its nuclear doctrine and arsenal size. Consequently, 
researchers rely on a diverse array of sources, including state-originating data, non-state-
originating data such as media reports and analyses, and invaluable insights gleaned 
from commercial satellite imagery. 

Research Methodology and Confidence 
The methodology employed in analyzing Pakistan's nuclear forces is multifaceted, 
integrating information from government statements, declassified documents, 
budgetary data, media reports, and industry analyses. This approach, however, is 
challenged by the absence of official data from Pakistan and necessitates cross-
referencing and verification across multiple sources. Furthermore, the reliance on 
satellite imagery, while instrumental, also presents challenges in corroborating specific 
details, such as the precise nature of military installations and their nuclear-related 
functions. 

Sources of Information and Analysis 
Official data on Pakistan's nuclear capabilities are scarce, with occasional insights 
emerging from official statements by other nations, particularly regional actors like India. 
However, these sources are often politically influenced and require careful scrutiny. 
Commercial satellite imagery serves as a crucial tool in supplementing these sources, 
enabling the identification of key military sites and potential nuclear infrastructure. 
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Pakistan's Nuclear Doctrine: A Comprehensive Analysis 
of Full Spectrum Deterrence 
Pakistan's nuclear strategy, characterized by the doctrine of "full spectrum deterrence," 
plays a pivotal role in its national defense and regional security posture. This doctrine is 
rooted in the philosophy of "credible minimum deterrence," aimed primarily at countering 
the perceived threats from its neighboring rival, India. The evolution of Pakistan's nuclear 
policy, marked by significant milestones and driven by complex geopolitical dynamics, 
underscores the critical importance of nuclear weapons in its security calculus. This 
comprehensive analysis delves into the nuances of Pakistan’s nuclear doctrine, exploring 
its strategic implications, historical context, and the operational dimensions that define 
this policy. 

The Genesis and Strategic Rationale of Pakistan's Nuclear Doctrine 
The concept of "credible minimum deterrence" has been at the core of Pakistan's nuclear 
policy since it conducted its first nuclear tests in 1998. These tests were a direct response 
to India's nuclear detonations, which altered the strategic balance in South Asia. 
Pakistan's approach aims to maintain a nuclear arsenal sufficient to deter aggression and 
prevent nuclear blackmail but limited enough to avoid an arms race. 

The doctrine of "full spectrum deterrence" was articulated more explicitly in the mid-
2010s, as tensions with India showed no signs of abating. This doctrine is designed to 
ensure that Pakistan has the capability to respond to any form of aggression across the 
spectrum of conflict, including strategic, operational, and tactical levels. 

Keynote Address by Lt. Gen. (Ret.) Khalid Kidwai 
In May 2023, Lt. Gen. (Ret.) Khalid Kidwai, a key figure in Pakistan's nuclear policy and an 
advisor to the National Command Authority (NCA), detailed the doctrine of "full spectrum 
deterrence" at the Institute of Strategic Studies Islamabad (ISSI). His insights provide a 
clear window into the strategic thinking that underpins Pakistan's nuclear policy. 

In his speech marking the 25th anniversary of Pakistan's nuclear tests, Kidwai 
emphasized the concept of "full spectrum deterrence." This doctrine is aimed primarily 
at India and encompasses three categories of nuclear weapons—strategic, operational, 
and tactical—spanning a range of yields and distances up to 2750 kilometers. This 
ensures that Pakistan can target the entirety of India, regardless of India's 
countermeasures such as the indigenous BMD or the Russian S-400 systems. 

Kidwai's doctrine of "full spectrum deterrence" reflects a robust and flexible nuclear 
posture that includes a variety of low-yield, close-range nuclear capabilities. These 
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tactical weapons, like the Nasr (Hatf-9) missile, are specifically designed to counter 
conventional military threats at the sub-strategic level, which Pakistan perceives as part 
of India's "cold start" doctrine. The cold start doctrine is believed by Pakistan to involve 
quick, large-scale conventional strikes, which necessitates Pakistan's readiness to 
deploy tactical nuclear responses. 

The strategic rationale behind these doctrines and capabilities is rooted in the historical 
and geopolitical tensions between Pakistan and India, with nuclear weapons serving as 
a deterrent against potential Indian aggression. This approach also includes maintaining 
a triad of nuclear delivery systems involving land, sea, and air-based platforms, ensuring 
a resilient and versatile nuclear capability. 

The implications of Pakistan's nuclear strategy are profound, not only for regional stability 
but also for global nuclear non-proliferation efforts. The focus on tactical nuclear 
weapons and the development of a full-spectrum deterrence capability reflect Pakistan's 
strategic calculations and security concerns, which continue to evolve in response to the 
regional security environment and perceived threats. 

Kidwai emphasized that "full spectrum deterrence" encompasses a comprehensive 
range of capabilities: 

• Strategic, Operational, and Tactical Weapons: Pakistan maintains a triad of 
nuclear capabilities designed to address threats at all levels of warfare. This 
includes long-range missiles capable of reaching any part of India, thereby 
ensuring that there are no safe havens for strategic assets. 

• Comprehensive Yield Coverage: The arsenal includes weapons of varying yields, 
ensuring flexibility in responding to different scenarios. This capability is critical 
for deterring a policy of massive retaliation from India, with Pakistan retaining the 
option for "counter-massive retaliation" which could be equally if not more 
devastating. 

• Diverse Targeting Options: Pakistan’s strategy involves the ability to strike a wide 
array of target types, including counter-value (cities and population centers), 
counter-force (military assets), and battlefield targets. This flexibility is crucial, 
given India’s advancements in missile defense systems, such as the indigenous 
Ballistic Missile Defense (BMD) and the Russian S-400 system. 

https://twitter.com/OSPSF/status/1661998569925013505 

 

The Strategic Plans Division (SPD) and Pakistan’s Nuclear Triad 

https://twitter.com/OSPSF/status/1661998569925013505
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Under the stewardship of the Strategic Plans Division (SPD), Pakistan has developed its 
nuclear triad, which is an integral part of its "full spectrum deterrence" strategy. The triad 
consists of: 

• Army Strategic Force Command (ASFC): Manages land-based nuclear arsenals, 
including ballistic missiles like the Shaheen series. 

• Naval Strategic Force Command (NSFC): Oversees sea-based assets, which 
include submarine-launched ballistic missiles, adding a second-strike capability. 

• Air Force Strategic Command (AFSC): Controls air-launched nuclear weapons, 
which can be delivered by fighter jets such as the JF-17. 

  



 

  
COPYRIGHT DEBUGLIESINTEL.COM UPDATE : 12/2024 – VER. 1.1 

 

236 2024 – Nuclear Dilemma 

Table . Pakistani nuclear forces, 2023 

Type/designati
on 

Number of 
launchers 

Year 
deploy
ed 

Range 
(kilometer
s)a 

Warhead x yield 
(kilotons)b 

Number of 
warheadsc 

Air-delivered 
weaponsd      

 Mirage III/V 36 1998 2,100 
1 x 5-12 kt bomb or 
Ra’ad-I/IIe ALCM 36 

 [JF-17]f -   Ra’ad-I/II ALCM - 
Subtotal 36    36 
Land-based 
weapons      
 Abdali (Hatf-
2) 10 2015 200 1 x 5-12 kt 10 
 Ghaznavi 
(Hatf-3) 16 2004 300 1 x 5-12 kt 16 
 Shaheen-I/A 
(Hatf-4) 16 

2003/2
022 750/900 1 x 5-12 kt 16 

 Shaheen-II 
(Hatf-6) 24 2014 1,500 1 x 10-40 kt 24 
 Shaheen-III 
(Hatf-6) - -2024 2,750 1 x 10-40 kt - 
 Ghauri 
(Hatf-5) 24 2003 1,250 1 x 10-40 kt 24 
 Nasr (Hatf-9) 24 2013 60-70 1 x 12 kt 24g 
 Ababeel 
(Hatf-?) - - 2,200 MIRV/MRV? - 
 Babur/-1A 
GLCM (Hatf-7) 12 2014 350h 1 x 5-12 kt 12 
 Babur-2/-1B 
GLCM (Hatf-?) - -i 700 1 x 5-12 kt - 
Subtotal 126    126 
Sea-based 
weapons      
 Babur-3 
SLCM (Hatf-?) - -j 450 1 x 5-12 kt - 
Other stored 
warheads     [8] 
Total 162    170k 

a) Range listed is unrefueled combat range with drop tanks. 
b) Yield estimate is based on the range of yields measured in the 1998 nuclear tests. It is 
possible that Pakistan has since developed warheads with lower and higher yields. 
c) There may be more missiles than launchers but since each missile is dual-capable, 
this table assigns an average of one warhead per launcher unless noted otherwise. 
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d) There are unconfirmed reports that some of the 40 F-16 aircraft procured from the USA 
in the 1980s were modified by Pakistan for a nuclear weapon delivery role. However, it is 
assumed here that the nuclear weapons assigned to aircraft are for use by Mirage 
aircraft. 
e) The Ra’ad-I is known as Hatf-8; it is unclear whether the Ra’ad-II shares that 
designation or whether it is known by a different designation. 
f) When the Mirage IIIs and Vs are eventually phased out, it is possible that the JF-17 will 
take over their nuclear role in the Pakistan Air Force. In March 2023, an image was 
captured by a military photographer of a Pakistani JF-17 flying with a Ra’ad-I ALCM, 
suggesting a potential dual-capable role for the new aircraft; however, absent additional 
information this remains highly uncertain. 
g) Each Nasr launcher has up to four missile tubes. But since Nasr is a dual-capable 
system and the primary mission probably is conventional, this table counts only one 
warhead per launcher. 
h) The Pakistani government claims the Babur range is 700 kilometers, twice the 350-km 
range reported by the US intelligence community. 
i) The Babur-2/-1B seems to be an improved version of the original Babur GLCM. It was 
first tested on December 14, 2016. A failed test in 2020 indicates additional 
development is needed before it can be fielded. 
j) The Babur-3 SLCM was first test launched from an underwater platform in 2017. 
k) In addition to the approximately 162 warheads estimated to be assigned to operational 
forces, a small number of additional warheads (c. 8) are thought to have been produced 
to arm future Shaheen-III and cruise missiles, for a total estimated inventory of 
approximately 170 warheads. Pakistan’s warhead inventory is expected to continue to 
increase. 
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Pakistan's Nuclear Doctrine: Responding to India's "Cold 
Start" with Full Spectrum Deterrence 
Strategic Context and Evolution of Pakistan's Nuclear Doctrine 

Pakistan’s nuclear strategy has been significantly shaped by the regional security 
dynamics, particularly the perceived threat from India. The development of Pakistan's 
doctrine of "full spectrum deterrence" reflects a strategic response to India's alleged 
"cold start" doctrine. This doctrine is believed by Pakistan to involve rapid conventional 
strikes into Pakistani territory, intended to execute swift and decisive victories without 
escalating to nuclear thresholds. 

The Emergence of "Full Spectrum Deterrence" 
Pakistan's adaptation of the "full spectrum deterrence" doctrine was articulated by 
various defense officials as a means to address all levels of potential military 
engagement with India—from tactical skirmishes to full-scale warfare. This doctrine is 
built on the premise that Pakistan must maintain a robust nuclear capability that can 
deter both conventional and nuclear threats. 

The Role of Tactical Nuclear Weapons 
One of the critical components of this doctrine is the emphasis on tactical nuclear 
weapons. These are designed to deter and, if necessary, repel conventional military 
actions by India under its "cold start" doctrine. The tactical nuclear weapons serve as a 
countermeasure to what Pakistan perceives as India's strategy to fight a limited war under 
the nuclear threshold. 

Kidwai’s Explanation of Pakistan’s Nuclear Posture 
Lt. Gen. (Ret.) Khalid Kidwai’s statements have been pivotal in outlining Pakistan's 
nuclear stance. In his address, he specifically mentioned the deployment of short-range, 
low-yield nuclear weapons like the Nasr missile system. Introduced as a direct counter 
to India’s "cold start" doctrine, these weapons are intended to deny any potential military 
advantage India might seek through limited, rapid conventional strikes. 

Nasr Missile System: A Case Study 
The Nasr missile system, also known as Hatf-9, symbolizes Pakistan's tactical nuclear 
response. Kidwai highlighted that the Nasr was developed due to the perceived gaps in 
Pakistan's ability to deter conventional military incursions. The system is designed to 
deliver quick, effective strikes against advancing conventional forces, thus complicating 
the enemy's calculations about the feasibility of a limited war. 
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International Reactions and Security Concerns 
The international community, particularly the United States, has expressed concerns 
over Pakistan's deployment of tactical nuclear weapons. U.S. officials have repeatedly 
pointed out the risks associated with such weapons, including security challenges and 
the potential for escalation. These concerns were articulated by various administrations, 
noting that battlefield nuclear weapons, by their nature, could be less secure and more 
prone to theft or misuse. 

U.S. Policy Adjustments 
The U.S. policy towards South Asia, particularly regarding Pakistan's nuclear strategy, has 
evolved over the years. Initial confidence in Pakistan's nuclear security protocols gave 
way to apprehension with the introduction of tactical nuclear weapons. The Obama 
administration voiced concerns about the security risks posed by these weapons on the 
battlefield. These concerns were reiterated by the Trump administration, which 
highlighted the increased risks of nuclear exchange and potential terrorist access to 
these weapons. 

The Trump Administration’s South Asia Strategy 
In 2017, the Trump administration’s South Asia strategy emphasized the need for 
Pakistan to curb terrorism and prevent nuclear proliferation. This strategy linked 
Pakistan's internal security measures directly to regional nuclear stability, urging 
Pakistan to ensure that its nuclear arsenal does not fall into the wrong hands. 

Global Intelligence Assessments 
Intelligence assessments from the U.S. have monitored Pakistan's nuclear developments 
with a particular focus on tactical nuclear weapons. The Worldwide Threat Assessments 
over the years have pointed to the risks associated with new types of nuclear weapons, 
including those intended for battlefield use, which could alter escalation dynamics in 
South Asia. 

Pakistani Leadership’s Defense of Nuclear Strategy 
Pakistani leaders, including then-Prime Minister Imran Khan, have defended their nuclear 
strategy as purely defensive. Khan emphasized that Pakistan’s nuclear arsenal is 
intended solely as a deterrent to protect national security, denying any offensive posture 
or arms buildup beyond what is deemed necessary for credible deterrence. 

Reflection on Tactical Nuclear Weapons and Strategic Stability 
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The discourse around Pakistan’s tactical nuclear weapons underscores a complex 
interplay between national security imperatives and international concerns about 
nuclear escalation and arms control. While Pakistan views these weapons as essential 
to its strategic stability, the international community remains apprehensive about the 
broader implications for regional and global security. 
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The Intricacies of Nuclear Security, Decision-Making, 
and Crisis Management in South Asia: A Focus on 
Pakistan 
The nuclear landscape of South Asia is dominated by the complex and often tense 
relationship between India and Pakistan. Over the years, both nations have developed 
nuclear capabilities that serve as cornerstones for their national security policies. This 
analysis delves deep into the intricacies of nuclear security, decision-making processes, 
and crisis management in Pakistan, highlighting significant incidents and policies that 
shape the current nuclear scenario. 

Nuclear Security in Pakistan: Challenges and Developments 
Concerns about the security of Pakistan's nuclear arsenal have been a longstanding 
issue, particularly in the international context. Reports and comments from various U.S. 
officials over the years have underscored worries about the safety and security measures 
surrounding Pakistan's nuclear weapons. These concerns were notably highlighted in 
statements indicating that the Pentagon had even prepared contingency plans for 
securing Pakistan’s nuclear arsenal in the event of a crisis. However, Pakistani officials 
have consistently rebutted these claims, asserting the robustness of their nuclear 
security measures. 

Samar Mubarik Mund, a key figure in Pakistan's nuclear program, provided insights into 
the security protocols in 2013, stating that Pakistani nuclear warheads are assembled 
only when absolutely necessary and are stored in disassembled states across multiple 
secure locations. This method of storage is intended to prevent unauthorized use and 
enhance security. 

U.S. Concerns and Pakistani Responses 
Despite improvements in Pakistan’s security infrastructure, comments from 
international figures such as U.S. President Joe Biden in 2022 have continued to express 
apprehensions. Biden described Pakistan as one of the most dangerous nations 
concerning nuclear security and command and control cohesion. Pakistan’s vehement 
rejection of these claims underscores a sensitive aspect of its national pride and the 
perceived stigmatization in global forums. 

The Strategic Plans Division and Decision-Making 
The heart of Pakistan's nuclear decision-making is the National Command Authority 
(NCA), which includes high-ranking military and civilian leaders and is chaired by the 
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prime minister. Within the NCA, the Strategic Plans Division (SPD) plays a critical role. 
Described as a unique entity among nuclear-armed states, the SPD oversees a wide array 
of responsibilities, from operational planning and weapon development to budget 
management and diplomatic policies related to nuclear applications. This centralized 
control ensures a cohesive approach to nuclear strategy and minimizes risks of 
miscommunication or unauthorized actions. 

Crisis Management: The Balakot Airstrike and Its Aftermath 
In the early hours of February 26, 2019, the skies over the sleepy town of Balakot in 
Pakistan were pierced by the roar of Indian Air Force jets. This operation, a direct and 
powerful response to the gruesome Pulwama terror attack on February 14, 2019, marked 
a significant moment in India's counter-terrorism efforts. Over 40 Central Reserve Police 
Force (CRPF) personnel were killed when a suicide bomber affiliated with the terrorist 
organization Jaish-e-Mohammed (JeM) attacked their convoy in Pulwama, Jammu and 
Kashmir. This heinous act not only shook India but also led to a series of swift and 
decisive actions by the Indian government, culminating in the Balakot airstrike. 

Prelude to the Airstrike: A Timeline of Events 
The Pulwama attack triggered a series of rapid developments within India and on the 
international diplomatic front. On February 15, 2019, India withdrew the 'Most Favoured 
Nation' status accorded to Pakistan, a clear indication of the deteriorating bilateral 
relations. The following day, the nation mourned as the mortal remains of the slain 
soldiers were laid to rest in their respective hometowns. In a significant move on February 
17, the Jammu and Kashmir administration withdrew security cover provided to five 
separatist leaders, signaling a tough stance against those perceived as indirectly 
supporting insurgent activities. 

The situation escalated when, on February 18, a gun battle in Pulwama resulted in the 
death of nine individuals, including an Army Major and three JeM terrorists. This 
encounter further highlighted the persistent threat of terrorism in the region. Pakistani 
Prime Minister Imran Khan broke his silence on the issue on February 19, amidst growing 
international pressure to address terrorist activities emanating from Pakistani soil. 

On February 20, India's National Investigation Agency (NIA) took over the probe of the 
Pulwama terror attack, underscoring the seriousness with which the Indian government 
was treating the investigation. Two days later, Pakistan made a move to take 
'administrative control' of the JeM headquarters, although skepticism remained about 
the effectiveness of this action. 

As tensions mounted, India bolstered its security apparatus in the region by deploying 
approximately 10,000 central forces personnel to the Kashmir Valley on February 23. This 
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was followed by the critical airstrike on February 26, targeting the largest JeM training 
camp in Balakot, which was seen as a hub for jihadist recruitment and training. 

The Execution of the Balakot Airstrike 
The decision to target Balakot was based on credible intelligence that JeM had relocated 
many of its in-training terrorists and key operatives to a camp approximately 20 km from 
the town of Balakot. The camp, described by sources as a 'five-star resort-style' facility 
nestled atop a hill and surrounded by thick forests, was an ideal location for such 
nefarious activities. The strike, involving a group of Mirage 2000 fighter jets, was 
meticulously planned to maximize impact while minimizing collateral damage. 

Launching from various airbases, the aircraft initially created confusion among Pakistani 
defense systems regarding their true target. A smaller contingent broke away to head 
directly towards Balakot, catching the terrorist outfit off guard. The operation, which 
lasted from 3:45 AM to 4:05 AM, was not just a military success but also a demonstration 
of India's commitment to preemptively striking against imminent threats. 

Global Reactions and Diplomatic Triumphs 
The international community largely acknowledged the legitimacy of India's actions in the 
wake of the Pulwama attack. There was a broad recognition of the right of a sovereign 
nation to defend itself against non-state actors operating from neighboring territories. 
The airstrike received support from several countries, which condemned the terror attack 
and urged Pakistan to take more substantive measures against terrorist groups operating 
within its borders. 

Reflection and National Discourse 
As India commemorates the anniversary of the Balakot airstrike, it serves as a poignant 
reminder of both the sacrifices of its armed forces and the ongoing challenges of 
combating terrorism. The operation has not only reinforced the nation's defense 
capabilities but also sparked a significant discourse on national security strategies and 
the importance of international cooperation in combating extremism. 

The Balakot airstrike remains etched in the national memory as a bold statement against 
terrorism, underscoring India's readiness to act decisively and its resilience in the face of 
adversity. This event has reshaped policies and perceptions around national and 
international security, making it a landmark event in India's recent military and diplomatic 
history. 

Video  : https://youtu.be/tYQN6qDHlS8?si=iEcMlMXtAoG0OwOE 

The BrahMos Incident: A Case Study in Crisis Management 
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The accidental discharge of a BrahMos supersonic missile by the Indian Air Force (IAF) on 
March 9, 2022, which inadvertently landed in Pakistan, was a significant incident that 
garnered substantial attention and stirred diplomatic tensions between India and 
Pakistan. This incident was particularly noteworthy due to the advanced nature of the 
BrahMos missile, a symbol of India's military capabilities, and the sensitive geopolitical 
context of the India-Pakistan relationship. 

 

Technical Fault Leading to the Misfire 
According to details released by the Indian Air Force to the Delhi High Court, the cause of 
the misfire was attributed to the combat connectors remaining connected to the junction 
box. This technical oversight led to the unintended launch of the missile. The revelation 
provided a rare glimpse into the complexities and potential vulnerabilities involved in the 
operation of sophisticated missile systems. 

Impact and Repercussions 

The missile's accidental launch had several immediate repercussions: 
• Diplomatic Strain: Islamabad promptly lodged a protest with New Delhi the 

following day, highlighting the seriousness with which it viewed the breach of its 
airspace by an armed missile. This incident briefly escalated tensions between 
the two nations, adding strain to an already volatile bilateral relationship. 

• Financial Cost: The mishap resulted in a significant financial loss estimated at 
₹25 crore (approximately 3.5 million USD), which represented not only the cost of 
the missile but also the broader implications for defense readiness. 

• Reputational Damage: The Indian Air Force acknowledged that the incident had 
damaged its reputation. Such events can undermine confidence in a nation's 
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military discipline and technological reliability, which are crucial for national 
security and international partnerships. 

• Internal Accountability: Following the incident, a Court of Inquiry (CoI) was 
promptly set up by the IAF, which investigated the circumstances leading to the 
missile launch. The inquiry involved testimony from 16 witnesses and led to the 
identification of lapses on the part of several members of the combat team, 
including Group Captain Saurabh Gupta, Squadron Leader Pranjal Singh, and 
Wing Commander Abhinav Sharma. These individuals were found responsible for 
various acts of omission and commission that precipitated the firing of the 
missile. 

Legal and Personal Accountability 
The case took a turn when Wing Commander Abhinav Sharma, one of the individuals held 
accountable, challenged the findings in court. He disputed the claims against him, 
arguing that he was not in a position to prevent the missile's launch. However, the IAF 
dismissed his allegations against Air Commodore JT Kurien as conjectural and 
unsubstantiated, emphasizing the accountability and responsibility of military personnel 
in handling such critical equipment. 

Broader Implications 
The BrahMos misfire incident serves as a potent reminder of the inherent risks associated 
with advanced military technologies. It underscores the need for stringent safety 
protocols, rigorous training, and comprehensive oversight to prevent similar occurrences 
in the future. Moreover, the incident highlights the delicate nature of India-Pakistan 
relations, where military mishaps can potentially escalate into significant diplomatic 
confrontations. 

This episode also reflects on the broader challenges faced by military organizations 
globally as they manage the complexities of modern warfare technology amidst intense 
geopolitical pressures. The lessons drawn from such incidents are crucial for enhancing 
procedural rigor and ensuring the safety and security of national and regional airspace. 

Transparency and Communication Challenges 
The incident also highlighted significant gaps in transparency and communication 
between the two nuclear-armed neighbors. Despite mechanisms like the annual 
exchange of nuclear facility lists and a military hotline, the BrahMos incident exposed the 
limitations of these tools. During the crisis, the hotline was not used effectively to 
communicate the accidental launch, raising questions about the effectiveness of 
existing crisis management protocols. 
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Analysis and Reflections 
The security of Pakistan's nuclear arsenal, the decision-making architecture, and the 
mechanisms for crisis management are all critical components that influence regional 
stability. Events like the Balakot airstrike and the BrahMos missile incident serve as stark 
reminders of the thin line between routine military operations and potential nuclear 
escalation. The robustness of Pakistan's nuclear doctrine, coupled with its strategic 
decision-making through the SPD, plays a pivotal role in maintaining a delicate balance 
in a region fraught with historical tensions and mutual suspicions. 

The analysis of these components not only provides insights into Pakistan's nuclear 
strategy but also underscores the broader implications for international security and 
nuclear nonproliferation efforts. As South Asia continues to navigate its complex security 
dynamics, the evolution of nuclear doctrines and crisis management strategies will be 
critical in preventing escalation and ensuring regional peace. 
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Pakistan's Fissile Material Production and Nuclear 
Capabilities: A Comprehensive Analysis 
Pakistan's nuclear arsenal, a cornerstone of its national defense strategy, has been the 
subject of significant interest and concern within the international community. This 
analysis delves into the intricate details of Pakistan's fissile material production 
capabilities, the status of its nuclear facilities, and its arsenal of nuclear-capable 
missiles and mobile launchers. By examining the infrastructure and developments within 
these sectors, we can gain insights into the scale and scope of Pakistan's nuclear 
capabilities. 

Fissile Materials Production and Inventory 

Enrichment Facilities 
Pakistan has a robust uranium enrichment capability, primarily centered around two 
major facilities. The first is the Kahuta Plant, located east of Islamabad. Recent 
developments at this facility suggest significant expansion, potentially indicating the 
nearing completion of an additional enrichment plant. This expansion not only reflects 
Pakistan's growing capabilities in uranium enrichment but also raises questions about 
the intended scale of its nuclear arsenal. 

Another critical facility is located at Gadwal, north of Islamabad. Like Kahuta, the 
Gadwal plant plays a vital role in Pakistan's strategy to maintain a sustainable supply of 
highly enriched uranium, which is essential for nuclear weapons. 
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The Genesis of Pakistan's Nuclear Ambition 

The strategic landscape of South Asia underwent a dramatic transformation with the 
establishment of the Khan Research Laboratories (KRL) at Kahuta, Pakistan. Named after 
the infamous nuclear scientist Abdul Qadeer Khan, this facility not only symbolizes 
Pakistan's entry into the nuclear club but has also become a pivotal center for long-range 
missile development. The primary function of this facility has been the production of 
Highly Enriched Uranium (HEU) through gas centrifuge enrichment technology, critical 
for Pakistan’s nuclear weapons program. 

Chinese Influence and Technological Handshakes 
The early 1980s marked a significant phase for Kahuta as it saw the presence of Chinese 
technicians. This was indicative of the Chinese assistance in setting up the gas 
centrifuges essential for uranium enrichment. Operational challenges were a hallmark 
from the start when the facility began its operations around 1984. Despite the hurdles, by 
1986, Kahuta achieved a milestone by producing HEU, paving the way for Pakistan's 
capabilities in nuclear weapons fabrication. 
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Operational Capabilities and International Scrutiny 
Kahuta's capacity to produce weapon-grade uranium has been substantial. At its zenith, 
the facility was estimated to have the potential to churn out enough HEU for up to 6 
nuclear weapons annually. This was supported by an increase in the number of 
centrifuges from about 1,000 in 1984 to approximately 3,000 by 1991, enhancing the 
production capacity significantly. 

The 1988 informal agreement between the US and Pakistan aimed at freezing the 
production of bomb-grade HEU reflects the international concerns associated with this 
facility. The agreement purportedly took effect in 1993, with Pakistan committing to not 
enrich uranium beyond 20% U-235. However, the veracity of this commitment was 
challenged post the 1998 nuclear tests, with claims from A.Q. Khan about the continuous 
production of bomb-grade HEU through the 1980s and 90s. 

Technological Evolution and External Engagements 
The mid-1990s saw further expansions in capabilities with the procurement of 5,000 ring 
magnets from China in 1996. These magnets, crucial for the special suspension bearings 
in centrifuge machines, suggested a potential doubling of uranium enrichment capacity. 
Such enhancements underline the continuous evolution and ambition of Pakistan's 
nuclear and missile development programs at Kahuta. 

Reports by Albright et al in 2018 and subsequent studies by IHS Janes with Project Alpha 
at King’s College in 2016 using satellite imagery, indicated ongoing expansions and 
modifications at Kahuta. The introduction of new buildings and extension of existing 
facilities were seen as efforts to replace aging infrastructure, possibly boosting the 
centrifuge operations further. 

Missile Development and Strategic Alliances 
The narrative of Kahuta is not confined to nuclear capabilities alone. The facility has been 
instrumental in Pakistan's missile development program as well. KRL's successful 
development and testing of Intermediate Range Ballistic Missiles underscore the dual-
use nature of this complex. The visit by Saudi Prince Sultan Bin Abdul Aziz in May 1999 is 
often linked to discussions around the procurement of Ghauri missiles, highlighting the 
geopolitical dimensions of Pakistan’s missile program. 

A Cloak of Secrecy and Strategic Shifts 
Recent years have seen significant transformations at the Kahuta site, with facilities once 
assessed as joint DPRK-Pakistan missile development centers disappearing from 
satellite imagery. Such developments suggest a possible reorientation in Pakistan’s 
strategic partnerships and missile development paradigms, possibly moving towards 
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more lucrative, straightforward cash-and-carry arrangements with nations like Saudi 
Arabia. 

The Kahuta facility continues to be a cornerstone in Pakistan’s strategic military 
capabilities, embodying the complexity and contentious nature of nuclear proliferation 
and missile development in South Asia. Despite international scrutiny and numerous 
operational challenges, the site remains a testament to Pakistan’s enduring ambition to 
maintain and advance its position in the global nuclear hierarchy. Through continuous 
technological upgrades and strategic alliances, Kahuta remains at the forefront, not only 
as a symbol of national pride but also as a focal point of international diplomatic and 
security concerns. 

Plutonium Production 
The production of plutonium in Pakistan is concentrated at the Khushab Nuclear 
Complex, approximately 33 kilometers south of Khushab in Punjab province. This 
complex houses four heavy-water reactors, three of which were added within the last 
decade. The completion of these reactors significantly enhances Pakistan's plutonium 
production capacity, crucial for the development of plutonium-based nuclear weapons. 

The integration of a thermal power plant at Khushab, recently confirmed publicly, 
provides new data that helps in estimating the operational capacity of these reactors. The 
operational dynamics of these reactors are critical as they directly influence the quantity 
of plutonium that can be produced, thereby affecting Pakistan’s strategic nuclear 
reserves. 
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Image: Khushab Nuclear Compex - Reprocessing Plants 
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The Genesis of Pakistan's Nuclear Reprocessing Efforts 
Pakistan first initiated plans to acquire nuclear reprocessing technology in the 1960s, 
aiming to establish a self-sufficient nuclear program. In 1972, significant progress was 
made when Pakistan began negotiations with Saint Gobain Technique Nouvelle (SGN) of 
France to secure a nuclear reprocessing facility. This facility, with a planned design 
capacity of 100 tons of heavy metal per year, was poised to boost Pakistan's nuclear 
capabilities significantly. 

A preliminary contract for the basic design was signed in 1973, followed by a more 
detailed design contract in 1974. However, the project encountered a major setback in 
1978 when France, under pressure from the U.S. government, which expressed concerns 
about the potential military applications of the facility, cancelled the deal. 

Despite the cancellation, substantial design and specification knowledge had already 
been transferred from SGN to the Pakistan Atomic Energy Commission (PAEC). Pakistan 
declared its intention to complete the facility independently, but efforts to find a new 
supplier were unsuccessful, leading to a prolonged halt in construction. For years, the 
site at Chashma remained dormant and overgrown, as evidenced by historical satellite 
imagery. 

Pakistan's nuclear capabilities have been a focal point of its national security and energy 
strategy for decades. Central to these capabilities is the New Labs Reprocessing Plant 
located at Nilore, east of Islamabad. This facility is not just a component of the country's 
nuclear infrastructure; it's a cornerstone in the broader context of Pakistan's ability to 
manage and leverage its nuclear resources.  

The New Labs Reprocessing Plant was established to enhance Pakistan’s self-
sufficiency in nuclear technology. Specializing in the processing of spent nuclear fuel, 
the facility's primary function is the extraction of plutonium, which is a key material for 
both energy generation and potential defense applications. The operation of this plant 
involves several high-tech stages, each critical to the safe and efficient processing of 
nuclear material. 

The Process of Reprocessing Spent Nuclear Fuel 
• Receipt and Storage of Spent Fuel: The initial stage involves the safe transport 

and storage of spent nuclear fuel from reactors across the country. This fuel 
contains valuable plutonium that can be extracted and reused. 

• Chemical Processing: Spent fuel rods are then chemically processed in a series 
of complex steps. This process involves dissolving the fuel in a chemical bath and 
separating plutonium and other fission products from the spent fuel matrix. 
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• Plutonium Extraction: The separated plutonium is purified through further 
chemical reactions and prepared for reuse in nuclear reactors or for other 
purposes. 

Each step is conducted under stringent safety protocols to manage the high radioactivity 
and toxicity associated with spent nuclear fuel. 

Recent Expansions and Technological Upgrades 
Recognizing the strategic importance of the New Labs Reprocessing Plant, recent years 
have seen significant expansions and upgrades. These enhancements aim to increase 
the plant’s capacity and efficiency in processing spent nuclear fuel. The upgrades include 
advanced automation systems for handling nuclear materials, improved chemical 
processing technologies that increase yield and safety, and enhanced security systems 
to protect the facility and its materials. 

Strategic Importance of the New Labs Facility 
The strategic value of the New Labs Reprocessing Plant extends beyond its technical 
capabilities. In the realm of international politics and regional security, the facility 
provides Pakistan with essential leverage. It supports Pakistan’s stance on energy 
independence and contributes to its standing in the global nuclear community, albeit 
amidst considerable international scrutiny due to the dual-use nature of plutonium. 

Resumption of Construction and Expansion Efforts 
The deadlock ended in the early 2000s when construction at the Chashma site resumed 
between 2000 and 2002. During this period, Pakistan also undertook the development of 
the New Labs reprocessing facility at PINSTECH, near Islamabad. This smaller facility 
was designed to reprocess spent fuel from the unsafeguarded Khushab I heavy water 
reactor. 

Simultaneously, construction of three additional heavy water reactors, Khushab II, III, 
and IV, took place between 2001 and 2015 at the Khushab site, located approximately 80 
km east of Chashma and 200 km from the New Labs facility. The completion of these 
reactors, all operational and primarily focused on plutonium production, underscored 
the need for enhanced plutonium separation capabilities. 

The Chashma Nuclear Complex: Enhancing Capabilities 
The Chashma site itself saw significant developments, with the construction of four 300 
MWe pressurised water reactors (CHASNUPP 1-4) between 2000 and 2017. Plans for a 
fifth unit were also announced. These reactors, unlike the facilities at Khushab, operate 
under International Atomic Energy Agency (IAEA) safeguards. 
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In a 2019 presentation at an IAEA conference, PAEC outlined plans for on-site dry storage 
of spent nuclear fuel from the CHASNUPP reactors, indicating that all safeguarded spent 
fuel was currently in wet storage. This statement, coupled with a graphic questioning the 
future reprocessing of this spent fuel, highlighted the ongoing deliberations within PAEC 
regarding its nuclear waste management strategy. 

Recent Developments and Strategic Enhancements 
The most notable recent expansion at the Chashma reprocessing plant was documented 
through satellite imagery between 2018 and 2020. This expansion included the 
construction of a new extension near the existing tall stack. The extension, designed to 
be partially underground, began in 2018 and progressed rapidly, showcasing new security 
measures and infrastructure tailored for handling high dose rate materials such as spent 
nuclear fuels or radioactive wastes. 

This strategic expansion suggests an enhancement of the facility’s capacity to handle 
different types of nuclear materials, potentially including light water reactor (LWR) fuel, 
alongside the existing heavy water reactor outputs from Khushab. The design of the new 
extension, with its thick concrete walls and specialized compartments, reflects a 
sophisticated approach to nuclear material handling and safety. 

 

 

Image. The construction of the extension to the Plutonium Separation Facility at an early 
stage in September 2018. 
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Image. By October 2018, a 30 x 30 m foundation for the extension below ground level is 
visible in Google Earth imagery. 

 

 

Image. More than a year later, in January 2020, construction of the extension has 
progressed in height with steel reinforcement. 
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Image. In this March 2020 Google Earth image the layout of one of the upper stories is 
visible: six cells with double concrete walls, and a hallway. 

 

 

Image. The extension is near external completion in May 2020, with a roof structure 
covering roughly half of the extension. 
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Image. The extension is externally complete in September 2020. 
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Evolution and Analysis of Nuclear Reprocessing Facilities and Co-located Structures: A 
Comparative Study from 2002 to 2020 

The analysis of nuclear reprocessing facilities and their auxiliary buildings provides 
critical insights into the operational capabilities and strategic development within 
nuclear programs globally. This article delves into the evolution and functional analysis 
of specific buildings associated with a reprocessing plant, comparing satellite imagery 
from 2002 and 2020. Such comparative studies are instrumental in understanding the 
shifts in nuclear strategy and infrastructure enhancement over nearly two decades. 

Overview of the Reprocessing Area 
The reprocessing facility under analysis has undergone significant changes between 
2002 and 2020. These changes, documented through satellite imagery and analytical 
reports, reveal a complex that is not only expanding but also evolving in its function and 
security measures. 

In 2002, the area encompassed several buildings with distinct uses, primarily 
constructed from concrete, indicating a focus on durability and protection. The analysis 
by the Institute for Science and International Security (ISIS) in 2015 highlighted several 
key features, including a network of trenches connecting these buildings to the main 
reprocessing plant, suggesting a highly integrated facility aimed at streamlining the 
nuclear reprocessing operations. 

Detailed Examination of Building A and B 
Within the secured perimeter, Building A and Building B serve as focal points of the facility 
due to their strategic importance and distinct architectural features. Building A, 
measuring 58 x 45 meters, is directly associated with a bank of external cooling fans. The 
building is connected to these fans through an intricate system of piping, underscoring 
its role in managing heat generated from either the reprocessing activities or adjacent 
structures. The presence of three small stacks on the north face of Building A, and its 
construction being slightly taller than the main facility, aligns with the requirements for 
effective cooling and possible support functions. 

Building B, larger in size at 82 x 32 meters, includes a double-height section that likely 
accommodates a crane gantry system. This feature is critical for handling spent nuclear 
fuel, if indeed Building B functions as a spent fuel storage facility. However, the absence 
of additional security measures such as an expanded security fence or an evident access 
checkpoint raises questions about the building’s use in storing fissile materials. 

Historical Context and Evolution 
The earliest satellite images from Google Earth, dated October 19, 2002, and Landsat 5 
imagery from 1988, show that Buildings A and B were part of the original infrastructure of 
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the reprocessing facility. This historical continuity suggests that their roles have been 
pivotal from the early stages of the facility’s development. Interestingly, no rail spur 
approaching Building B was visible in the 2002 imagery, which complicates assumptions 
about its function as a spent fuel storage site, perhaps pointing instead towards a support 
or laboratory role. 

Peripheral Structures and Their Implications 
The analysis extends beyond the central reprocessing area to include peripheral 
buildings such as Buildings C and D. Building C, a tall concrete structure with an 
associated stack, was completed by 2015 as per ISIS reports. Its design includes heavy 
shielding and potential compartments for handling high-level radioactive wastes, 
suggesting a role in waste vitrification. 

Building D, characterized by its damaged paneled roof and concrete construction, aligns 
with the storage of liquid high-level waste (HLW), requiring active cooling systems to 
manage decay heat. This building’s connection to the reprocessing facility via a concrete-
lined trench system supports its function in the nuclear waste management chain. 

Comparative Analysis with International Standards 
The scale and design of these facilities can be compared with international examples 
such as the Tokai Vitrification Facility in Japan. The footprint and structural features of the 
rear wing of Building C suggest a similar capacity and functionality to manage vitrified 
high-level radioactive wastes effectively. This comparison not only underscores the 
sophistication of the facility but also highlights the global parallels in nuclear waste 
management strategies. 

Conclusions on Facility Development and Functionality 
The evolution of the reprocessing facility and its associated buildings from 2002 to 2020 
paints a picture of strategic development aimed at enhancing nuclear reprocessing 
capabilities and managing the associated wastes more efficiently. While the primary 
roles of Buildings A and B within the complex remain subjects of analytical scrutiny, the 
broader context of their development and the technological enhancements observed 
align them closely with global standards in nuclear facility operations. 

This detailed analysis, based on satellite imagery and expert interpretations, provides a 
clearer understanding of the infrastructure dynamics at nuclear reprocessing facilities. 
Such insights are crucial for policy makers, researchers, and the global community in 
assessing the implications of nuclear infrastructure development and its security 
ramifications. 
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Image. A comparison of the buildings associated with the Plutonium Separation Facility 
in 2002 and 2020. Three of the four key buildings appear to have been part of the original 
design of the site; the fourth was added to the site in 2007-2009. 

 

 

 

Image. Visible key features of two of the original buildings associated with the Plutonium 
Separation Facility. 
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Image. The buildings of interest are connected to one another and the Plutonium 
Separation Facility by a network of trenches, some of which are concrete-shielded. 
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Image. One of original buildings of interest (here shown in 2002) shows features 
consistent with a HLW tank storage facility. 
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Image. One of the buildings of interest was added to the site more recently; construction 
was first visible in Google Earth in 2009 imagery and external construction was largely 
complete by 2011. This Imageshows the building from 2009 to 2018 (top left, top right, 
bottom left, bottom right). 
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Nuclear-Capable Missiles and Launch Platforms 

Development and Production Complexes 
The National Defence Complex, located in the Kala Chitta Dahr mountain range west of 
Islamabad, is a pivotal element in Pakistan’s missile strategy. This complex is divided into 
two main sections: the western section near Attock and the eastern section near Fateh 
Jang. 

The western section is primarily involved in the development, production, and test-
launching of missiles and rocket engines. Meanwhile, the eastern section focuses on the 
assembly and production of road-mobile transporter erector launchers (TELs). These 
TELs are essential for the deployment of ballistic and cruise missiles, providing strategic 
mobility and operational flexibility. 

In June 2023, satellite imagery revealed the presence of TEL chassis for various missiles, 
including the Nasr and Shaheen-IA ballistic missiles and the Babur cruise missiles. This 
indicates not only the ongoing production activities but also the operational readiness of 
these systems. The Fateh Jang section has seen significant expansion over the past 
decade, with several new buildings dedicated to launcher assembly, suggesting a scaling 
up of capabilities in missile deployment. 
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Image1. Pakistani missile TEL visible at expanded National Development Complex near 
Fateh Jang. (Image: Maxar Technologies/Federation of American Scientists). 

 

 

Other Production Facilities 
Additional production and maintenance facilities for missile-related components are 
reportedly located near Tarnawa and Taxila. These facilities likely contribute to the 
broader logistical and maintenance support required for Pakistan’s missile arsenal, 
ensuring sustained operational capability. 

Warhead Production and Design Efficiencies 

Suspected Production Facilities 
Little is publicly known about the specific locations and processes involved in Pakistan's 
nuclear warhead production. However, the Pakistan Ordnance Factories near Wah, 
northwest of Islamabad, are often suspected to play a crucial role in this regard. Notably, 
one of the facilities near Wah is associated with six earth-covered bunkers, commonly 
referred to as igloos, which are situated within a multi-layered security perimeter guarded 
by armed personnel. These features are characteristic of facilities intended for sensitive 
materials or operations such as the assembly or storage of nuclear warheads. 

Estimating Warhead Numbers: A Complex Equation 
The task of estimating the number of nuclear warheads in Pakistan's arsenal involves 
more than just calculating the amount of weapon-grade fissile material produced. As of 
early 2023, the International Panel on Fissile Materials estimated Pakistan's stockpile to 
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include approximately 4,900 kilograms of highly enriched uranium (HEU) and about 500 
kilograms of weapon-grade plutonium. This quantity of fissile material theoretically 
enables the production of a substantial number of nuclear warheads; however, the 
actual number is likely lower due to several factors: 

• Warhead Design and Efficiency: Over time, nuclear warhead designs tend to 
become more efficient. This means they require less fissile material for the same 
or increased yield. The efficiency of these designs plays a significant role in 
determining how much fissile material is actually converted into warheads. 

• Operational and Strategic Considerations: The number of operational nuclear-
capable launchers and the dual-capability of these launchers (able to carry both 
nuclear and conventional warheads) significantly influence the number of 
warheads. Not all launchers are equipped with nuclear warheads at all times, 
especially those intended for shorter ranges, which might frequently undertake 
conventional missions. 

• Reserve Fissile Material: Like other nuclear powers, Pakistan likely maintains a 
reserve of fissile material as a strategic buffer and for maintenance of existing 
warheads, which means not all fissile material is immediately fabricated into 
warhead cores. 

Boosting Techniques and Warhead Yields 
The incorporation of tritium in nuclear warhead designs can significantly alter the 
dynamics of yield and material requirements. Tritium, when used to boost the fission 
process, can enhance the explosive yield of a warhead while requiring less fissile 
material. Estimates from early 2021 suggest that Pakistan could have produced enough 
tritium to boost over 100 weapons. This capability implies that Pakistan might be 
developing or has developed second-generation boosted warheads for its newer missile 
systems like the Babur, Ra’ad, Nasr, and Abdali. 

The potential use of boosted warhead designs suggests that the estimates of warheads 
based on unboosted designs might significantly overstate the number of warheads 
Pakistan can field. These boosted designs are more efficient and require less HEU or 
plutonium, potentially allowing for the production of more warheads from the same 
amount of fissile material. 

Current Production and Future Trends 
The continuous production of fissile material indicates that Pakistan is maintaining, if not 
increasing, its nuclear capabilities. Current estimates suggest that Pakistan produces 
enough fissile material annually to build between 14 to 27 new warheads. However, the 
actual increase in the stockpile is estimated to be around 5 to 10 warheads per year, 
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reflecting a cautious approach to the expansion of the arsenal, likely influenced by 
strategic, operational, and international considerations. 

Implications and Strategic Considerations 
The expansion of Pakistan’s nuclear facilities and the development of its missile delivery 
systems signify a commitment to maintaining a robust nuclear deterrent. The strategic 
implications of these developments are profound, not only for regional security 
dynamics, particularly concerning India, but also for international nuclear non-
proliferation efforts. 

The continuous modernization and expansion of nuclear capabilities by Pakistan 
underscore the complex challenges faced by global non-proliferation regimes. It also 
highlights the critical need for diplomatic engagement and dialogue to address the 
security concerns that drive such nuclear developments. 

In conclusion, Pakistan's strategic advancements in nuclear technology and missile 
capabilities continue to be a significant factor in South Asia's security landscape. 
Understanding these developments helps in assessing the balance of power in the region 
and the broader implications for international security and non-proliferation efforts. 
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Pakistan's Airborne Nuclear Deterrent: The Strategic 
Role of Mirage Fighter Squadrons 
In the strategic landscape of South Asia, Pakistan's military capabilities, particularly its 
airborne nuclear arsenal, play a crucial role in maintaining regional balance and 
deterrence. The cornerstone of Pakistan's airborne nuclear capability is its fleet of Mirage 
III and Mirage V fighter aircraft. These aircraft are not only a testament to Pakistan's 
defense strategies but also an embodiment of its ability to adapt legacy platforms to 
modern warfare demands. 

Mirage Fighter Squadrons: Guardians of Pakistan’s 
Nuclear Arsenal 
The Mirage III and Mirage V aircraft, originally designed by Dassault Aviation of France, 
have been a significant part of the Pakistan Air Force (PAF) since their induction in the 
early 1970s. Over the decades, these aircraft have been upgraded and modified to carry 
out a variety of roles, most notably, the nuclear delivery role which underscores their 
strategic importance. 

Operational Bases and Squadrons 
The operational readiness and strategic positioning of the Mirage squadrons are critical 
for Pakistan's defense strategy. The PAF has these squadrons stationed primarily at two 
air bases: Masroor Air Base and Rafiqui Air Base. 

Masroor Air Base: A Strategic Nuclear Hub 

Masroor Air Base, located on the outskirts of Karachi, is one of the most significant 
airbases in Pakistan’s strategic arsenal. Home to the 32nd Wing, the base hosts three 
Mirage squadrons: the 7th Squadron ("Bandits"), the 8th Squadron ("Haiders"), and 
the 22nd Squadron ("Ghazis"). These squadrons are reputed for their agility and 
readiness to perform nuclear strike missions if required. 

A notable aspect of Masroor Air Base is its proximity to a suspected nuclear weapons 
storage site, located approximately five kilometers northwest. Since 2004, the base has 
seen significant enhancements, including the construction of underground facilities that 
are likely designed to support nuclear strike missions. These facilities possibly include an 
alert hangar equipped with underground weapons handling capabilities, a critical 
element in the quick deployment of nuclear assets. 
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Rafiqui Air Base: Celebrating Legacy and Readiness 
Rafiqui Air Base, situated near Shorkot, is another pivotal facility for Pakistan’s Mirage 
squadrons. It houses the 34th Wing with two operational squadrons: the 15th Squadron 
("Cobras") and the 27th Squadron ("Zarras"). The base gained media attention on 
February 25, 2021, when Pakistan's President Dr. Arif Alvi attended a ceremony 
commemorating the 50th Anniversary of the Mirage aircraft in the PAF, alongside the 
Colours Award ceremony. This event not only celebrated the historical significance of 
these aircraft but also demonstrated their ongoing operational capabilities, with at least 
11 Mirages on display, signaling their continued relevance in Pakistan’s defense strategy. 

The Nuclear Strike Role of Mirage Aircraft 
The strategic use of the Mirage V and Mirage III in Pakistan’s defense architecture cannot 
be overstated. The Mirage V, in particular, has been adapted to carry Pakistan's small 
arsenal of nuclear gravity bombs. This adaptation extends the aircraft's utility beyond 
conventional missions, positioning it as a cornerstone of the country’s nuclear second-
strike capability. 

The Mirage III, on the other hand, has been actively involved in the test launches of 
Pakistan’s indigenous Ra'ad air-launched cruise missiles (ALCM) and its more advanced 
variant, the Ra'ad-II. These cruise missiles are designed for precision strike capabilities, 
capable of evading radar detection and hitting targets at strategic distances, thus 
enhancing the deterrence value of the Mirage III. 

Furthermore, the introduction of aerial refueling capabilities to the Mirage squadrons has 
significantly enhanced their operational range and flexibility. The presence of refueling 
pods during the 2021 award ceremony at Rafiqui Air Base is a clear indicator of this 
strategic enhancement. This capability ensures that the Mirages can maintain prolonged 
air presence, a critical factor in extended-range missions which is essential for a credible 
nuclear deterrence posture. 

The strategic role of Mirage III and Mirage V squadrons in Pakistan's defense strategy is a 
clear reflection of the country's commitment to maintaining a credible nuclear deterrent. 
Positioned at key airbases and equipped with necessary modifications for nuclear 
delivery, these aircraft are central to Pakistan's strategy of maintaining balance and 
ensuring regional stability. As tensions in South Asia fluctuate, the operational readiness 
and technological adaptation of Pakistan’s Mirage squadrons will remain a key factor in 
the country's defense and strategic posture. 
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Evolution and Strategic Implications of Pakistan's Air-Launched Cruise 
Missile Capabilities: The Case of Ra’ad and JF-17 Aircraft 
In the context of modern military strategies, the development and deployment of 
advanced weapons systems are critical for maintaining national security and regional 
stability. For Pakistan, a country positioned in a complex and often volatile geopolitical 
environment, the enhancement of its strategic capabilities remains a top priority. This 
chapter delves into Pakistan’s advancements in air-launched cruise missiles (ALCMs), 
particularly the Ra’ad systems, and the transition of delivery platforms from older Mirage 
aircraft to the more modern JF-17 Thunder. This transition reflects not only technological 
advancement but also strategic recalibration in response to evolving defense and 
security dynamics. 
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Ra'ad Air-Launched Cruise Missile Systems: A 
Technological Leap in Strategic Arsenal 

Development and Testing of Ra'ad Missiles 
The Ra’ad (Thunder in Urdu) ALCM represents a significant leap in Pakistan’s missile 
technology, primarily designed to enhance the country's strategic deterrence capability. 
The missile, believed to be test-launched at least six times, with the most recent known 
test occurring in February 2016, is a testament to Pakistan’s ongoing efforts to advance 
its military capabilities. According to the Inter-Services Public Relations (ISPR), the 
Ra’ad can deliver both nuclear and conventional warheads with high precision over a 
distance of up to 350 kilometers, effectively complementing Pakistan's strategic standoff 
capabilities on land and at sea. 

Enhancements and Strategic Relevance of Ra’ad-II 
Building on the success of the Ra’ad, Pakistan developed the Ra’ad-II, which was first 
displayed during a military parade in 2017. The Ra’ad-II features significant 
enhancements over its predecessor, including a new engine air-intake and tail wing 
configuration, which extend its range to approximately 600 kilometers. This 
enhancement was showcased during a test in February 2020, as reported by the ISPR, 
underlining the missile's increased range and improved capabilities. Such advancements 
are crucial for Pakistan as they provide a greater strategic depth and deterrence flexibility 
against potential adversaries. 

Operational Deployment and Prospective Bases 
While there is no conclusive evidence of the operational deployment of the Ra’ad 
systems as of mid-2023, Masroor Air Base in Karachi stands out as a potential site for 
their deployment. The base's strategic significance is amplified by its underground 
facilities, which are likely designed for enhanced security measures, including the 
storage and handling of nuclear weapons. This makes Masroor Air Base a critical element 
of Pakistan's strategic defense infrastructure. 

Transition to JF-17 Thunder: Ensuring Future Readiness 

Introduction of JF-17 Aircraft 
In response to the aging fleet of Mirage III and V aircraft, Pakistan has initiated a significant 
transition by incorporating the JF-17 Thunder, a lightweight, single-engine, multi-role 
combat aircraft developed jointly with China. This aircraft is seen as the backbone of the 
Pakistan Air Force (PAF) in the coming decades. To date, Pakistan has acquired over 100 
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JF-17s and plans to add approximately 188 more, reflecting a substantial investment in 
upgrading its aerial combat and strategic capabilities. 

Integration of Ra’ad Missiles with JF-17 
The integration of the Ra’ad ALCM with the JF-17 aircraft is a strategic move to enhance 
the operational flexibility and capability of the PAF. This integration not only ensures that 
the newer JF-17 can take over the nuclear strike role from the Mirage fleet but also 
leverages the advanced avionics and combat capabilities of the JF-17. In March 2023, 
during the rehearsals for the Pakistan Day Parade, imagery surfaced showing a JF-17 
Thunder Block II equipped with a Ra’ad-I ALCM. This was a significant revelation, 
indicating ongoing efforts to certify the newer JF-17 variants for strategic missile delivery 
roles. 

Future Prospects and Strategic Enhancements 
The induction of the first batch of JF-17 Block III aircraft into the 16th Squadron ("Black 
Panthers") in March 2023 marks a significant upgrade. The Block III variant of the JF-17 
incorporates advanced avionics, improved radar systems, and enhanced weapon 
carrying capabilities, making it a formidable platform for both conventional and strategic 
roles. The continuous upgrades and the planned expansion of the JF-17 fleet underscore 
Pakistan’s commitment to maintaining a robust and versatile air force capable of meeting 
future challenges. 

Pakistan's strategic focus on enhancing its missile capabilities through the development 
of the Ra’ad ALCMs and the integration of these systems with the JF-17 aircraft highlights 
a comprehensive approach to national defense. These advancements not only bolster 
Pakistan’s deterrence capabilities but also ensure the PAF remains adaptable and 
effective in the face of evolving security challenges. The strategic implications of these 
developments are profound, as they contribute to regional stability and reflect Pakistan’s 
commitment to safeguarding its sovereignty and strategic interests in the South Asian 
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The Evolution and Strategic Importance of the JF-17 
Thunder: A Joint Sino-Pakistani Endeavor 
In the realm of modern warfare, the significance of having a capable and advanced air 
force is undeniable. For nations like Pakistan, which faces various regional threats and 
security challenges, possessing a technologically advanced and reliable fleet of fighter 
aircraft is not just a strategic asset but a necessity. This necessity led to the inception of 
the JF-17 Thunder program, a collaborative effort between Pakistan and China to develop 
a fourth-generation multirole fighter aircraft. The JF-17 Thunder is not merely a symbol of 
military prowess but also an emblem of the deep-rooted strategic partnership between 
Pakistan and China. 

Historical Context and Genesis of the JF-17 Program 
The origins of the JF-17 Thunder program date back to the late 1980s when the Pakistan 
Air Force (PAF) recognized the need to modernize its fleet. The PAF's primary combat 
aircraft included the Nanchang Q-5, Chengdu J-7, and Dassault Mirage III. These aircraft, 
though once cutting-edge, were becoming obsolete against the evolving technological 
landscape. 

The Nanchang Q-5, known by its NATO reporting name Fantan, was a Chinese single-seat 
close support ground attack aircraft developed in the 1960s, based on the Shenyang J-6. 
The Chengdu J-7, NATO reporting name Fishcan, was a third-generation fighter, which 
was a Chinese-built version of the Soviet Mikoyan-Gurevich MiG-21. Lastly, the Dassault 
Mirage III, developed by French aircraft company Dassault Aviation in the 1950s, was a 
lightweight all-weather fighter. These aircraft formed the backbone of the PAF but were in 
dire need of replacement to keep pace with technological advancements in aerial 
combat. 

The Catalyst of US Sanctions 
The pivotal moment for the JF-17 Thunder came as a direct consequence of political 
tensions and subsequent US sanctions. In the late 1980s, Pakistan, along with China, 
faced US sanctions that notably affected their military acquisitions and technological 
upgrades. For Pakistan, the sanctions were primarily due to its clandestine nuclear 
weapons program, which triggered the Pressler Amendment leading to a military 
embargo. Concurrently, China faced sanctions following the Tiananmen Square protests, 
which included restrictions on military technology and hardware from the US. 

These sanctions catalyzed the need for an indigenous solution, leading to the formation 
of a strategic alliance between Pakistan and China. Both nations, driven by mutual 
interests in countering their technological shortfall caused by US sanctions, embarked 
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on a joint venture to develop a multirole combat aircraft that would be affordable, 
capable, and versatile. 

The Development and Costs 
The formal inception of the JF-17 Thunder program began with a Memorandum of 
Understanding (MoU) signed in 1995, marking a significant collaboration between the 
Pakistan Aeronautical Complex (PAC) and Chengdu Aircraft Corporation (CAC) of China. 
This partnership aimed to combine the technological and industrial strengths of both 
countries. The development cost of the JF-17 Thunder was estimated at around $500 
million, shared equally between Pakistan and China. 

The first prototype of the JF-17 Thunder rolled out of the CAC factory on May 31, 2003. 
This event marked a significant milestone in the Sino-Pakistani defense collaboration. 
The prototype underwent a series of tests, including low-speed taxiing trials followed by 
its maiden flight in late August 2003. By March 2004, the aircraft had completed 20 
successful flights, demonstrating its capabilities and the potential to meet the diverse 
needs of the PAF. 

Production and Enhancement 
The initial production of the JF-17 Thunder faced several challenges, including the 
integration of advanced avionics, radar systems, and weapon systems. By 2006, six 
prototype aircraft had been built, each incorporating improvements and refinements over 
its predecessors. The production gradually shifted to Pakistan, with the PAC taking a 
more significant role in the assembly and eventual manufacture of the aircraft. 

In November 2007, the testing of a new radar system developed by China's Nanjing 
Research Institute for Electronic Technology marked another advancement in the JF-17's 
capabilities. This radar system, coupled with the integration of radar-guided LETRI SD-10 
homing air-to-air missiles, significantly enhanced the aircraft's combat capabilities. 

By 2009, the PAC began assembling the JF-17 in Pakistan, with an initial production rate 
of six aircraft per year, aiming to increase to 25 aircraft per year. The focus was not only 
on producing sufficient numbers to replace the older aircraft but also on enhancing the 
JF-17's capabilities to keep it relevant in modern combat scenarios. 

The Introduction of Block III Variants 
In 2013, the production of the next-generation JF-17 Thunder fighters began. These new 
variants, known as Block III, included several significant upgrades such as air-to-air 
refueling capability, advanced avionics, and enhanced electronic warfare capabilities. In 
2015, further developments were announced, including the introduction of a two-seat 
variant and the incorporation of an Active Electronically Scanned Array (AESA) radar and 
a helmet-mounted display system. 
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The culmination of these enhancements was witnessed on October 3, 2019, when the 
first Block III JF-17 Thunder was unveiled. This variant represented the zenith of the JF-17 
development, incorporating the latest in aerospace technology and offering a range of 
capabilities that made it a formidable asset in the PAF's arsenal. 

Operational Use and Strategic Impact 
The JF-17 Thunder has been actively employed by the Pakistan Air Force in various 
operational roles. It has participated in combat operations against terrorist groups within 
Pakistan and in retaliatory strikes against India. The aircraft's versatility and reliability 
have made it a vital component of the PAF's operational strategy, enhancing its capability 
to conduct multi-dimensional warfare. 

Moreover, the JF-17 Thunder program has significantly contributed to the defense 
industry in Pakistan. It has fostered technological growth, skilled workforce 
development, and the establishment of a robust aerospace sector capable of sustaining 
and advancing Pakistan's military aviation capabilities. 

The JF-17 Thunder is not just a combat aircraft; it is a symbol of Pakistan's resilience and 
strategic foresight. It embodies the collaboration and shared strategic interests between 
Pakistan and China, serving as a cornerstone of their defense and technological 
partnership. Through the JF-17 program, both nations have not only enhanced their 
defense capabilities but have also demonstrated their ability to collaborate in sectors of 
critical national security relevance. 

Initial Combat Deployments 
The operational deployment of the JF-17 Thunder marked a new era for the Pakistan Air 
Force (PAF). On February 18, 2010, the PAF officially formed its first JF-17 squadron, 
consisting of 14 fighter jets. This milestone was quickly followed by the aircraft's baptism 
by fire later that year. The JF-17 was first used in combat operations against the Tehrik-i-
Taliban Pakistan (TTP) and their extremist allies in South Waziristan. This operation 
provided the PAF with a critical opportunity to evaluate the JF-17 in live combat scenarios, 
testing various weapons systems and gaining valuable insights into the aircraft's 
performance and capabilities under operational stresses. 

Role in Operation Zarb-e-Azb 
The JF-17's combat role was further expanded during Operation Zarb-e-Azb, a 
comprehensive military campaign launched by the Pakistan military. This operation was 
a direct response to the terrorist attack on Jinnah International Airport in Karachi on June 
8, 2014. On June 15, 2014, JF-17 aircraft were once again called into action. This operation 
aimed at eliminating terrorist hideouts and infrastructure in North Waziristan, a notorious 
safe haven for various militant groups. The use of the JF-17 in such a significant national 
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security operation underscored its growing importance within the PAF's tactical and 
strategic frameworks. 

Engagement with Iranian UAV 
On June 19, 2017, a new type of engagement showcased the JF-17's versatility and 
responsiveness when a Pakistan Air Force JF-17 shot down an Iranian unmanned aerial 
vehicle (UAV) over the western part of Balochistan province. This incident highlighted the 
aircraft's capability to engage a diverse array of aerial threats, reinforcing its role as a key 
asset in Pakistan's aerial defense strategy. 

The 2019 Balakot Airstrike and Retaliation 
One of the most notable engagements involving the JF-17 came in the wake of the 
February 26, 2019, airstrike by Indian warplanes on an alleged terrorist training camp in 
Balakot, Pakistan. The very next day, in a significant retaliatory move, the PAF deployed 
two JF-17s to strike Indian ground targets using Mk. 83 REK 1,000lb bombs. During this 
operation, a PAF JF-17 also achieved a critical milestone by shooting down an Indian Air 
Force MiG-21, a testament to the aircraft's capabilities in an intense aerial combat 
scenario. 

Recent Operations in 2024 
The JF-17 Thunder's operational history took another significant turn on January 18, 2024, 
following an Iranian missile and drone attack against the Iranian Baloch militant group, 
Jaish ul-Adl, operating from inside Pakistan. In response to these circumstances, the PAF 
used the JF-17 to carry out strikes against Baloch separatist insurgents engaged in 
conflict against Pakistan within Iran's Sistan province. This operation underscored the JF-
17's role in cross-border security operations and its utility in complex geopolitical 
contexts involving multiple state and non-state actors. 

Analysis of the JF-17's Impact on Regional Security 
The operational history of the JF-17 Thunder reflects its pivotal role in shaping regional 
security dynamics. Each deployment and engagement has provided valuable lessons for 
the PAF, contributing to an evolving understanding of the aircraft's operational 
capabilities and limitations. The JF-17's versatility in various combat scenarios—from 
counter-insurgency operations to high-intensity conflict—demonstrates its strategic 
value as a multirole fighter. 

Moreover, the JF-17 Thunder has not only enhanced Pakistan's defense capabilities but 
also its geopolitical leverage. By successfully employing an indigenously developed 
fighter in complex and high-stakes situations, Pakistan has demonstrated its aerospace 
industry's maturity and technological independence, which are critical in the modern 
geopolitical landscape. 
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Specifications and general characteristics of the CAC/PAC JF-17 Thunder  

Crew One (single-seat JF-17A/C) or two (dual-seat JF-17B) 

Length 47 feet 

Wingspan 31 feet 

Height 15 feet 

Wing area 261 square feet 

Empty weight 17,560 ibs 

MTOW 29,762 lbs 

Powerplant 1 × Klimov RD-93 afterburning turbofan 

Maximum speed Mach 1.6 

Cruise speed 844 mph 

Stall speed 93 mph 

Combat range 560 miles 

Rate of climb 59,000 feet per minute 

  

https://youtu.be/-cMMxZNH0oQ  

  

https://youtu.be/-cMMxZNH0oQ
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JF-17 Thunder Variant Specifications and Armaments 

Attribute 
JF-17A Block 
1 JF-17A Block 2 JF-17A Block 3 JF-17B Block 2 

Variant Type Single-seat Single-seat Single-seat Dual-seat 

Production 
Start June 2006 

18 December 
2013 

2017 (Design 
finalized, 
projected start) 2016 

Initial Cost 
(Approx.) 

US$15 million 
per unit 

US$25 million 
per unit Not specified Not specified 

Primary 
Armament 

PL-5E II AAM, 
SD-10 AAM, C-
802A 

Enhanced 
capabilities of 
Block 1 

Helmet-
mounted 
display, AESA 
radar, IRST 
system 

Similar to Block 2, 
adapted for 
training roles 

Notable 
Features 

First 
integration of 
Chinese 
weapons 

Air-to-air 
refueling, 
enhanced 
avionics 

Advanced 
avionics, new 
engine, 2-seater 
option 

Used as a trainer, 
LIFT, ground-
attack aircraft 

Production 
Completion 

18 December 
(50th aircraft) 

Continuous till 
2016 

Projected to 
begin post-2016 

Ongoing as of 
December 2019 

Operational 
Roles Combat 

Increased load, 
electronic 
warfare 

Fourth 
generation plus 
capabilities 

Multi-role, 
including 
reconnaissance 

Notable 
Deployments 

Initial combat 
evaluations 

Formation of the 
4th squadron in 
December 2015 

Expected to 
enhance PAF's 
strategic 
capabilities 

Maiden test flight 
on 28 April 2017 

Manufacturing 
Capacity 

58% 
production in 
Pakistan 

25 units per year 
capacity 

50 units planned 
for first order 

8 units rolled out in 
December 2019 
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Attribute 
JF-17A Block 
1 JF-17A Block 2 JF-17A Block 3 JF-17B Block 2 

Additional 
Systems - 

Data link 
systems 

Single panel 
MFD, side-stick 
cockpit - 

Additional Notes: 

1. JF-17A Block 1: This was the initial production version, which incorporated the 
first use of Chinese weapons systems in the JF-17. It marked the beginning of the 
JF-17 as a viable multirole combat aircraft for the PAF. 

2. JF-17A Block 2: Introduced significant upgrades over Block 1, particularly in terms 
of avionics and combat capabilities, including air-to-air refueling which greatly 
extended its operational range and flexibility. 

3. JF-17A Block 3: Represents a major leap in technological advancement with the 
integration of next-generation avionics and weapons systems. This block is 
described as "fourth generation plus", indicating its enhanced capabilities over 
earlier versions. 

4. JF-17B Block 2: While similar in some capabilities to the single-seat Block 2, the 
dual-seat version serves multiple roles, including training new pilots and 
conducting complex missions requiring two crew members. This version is crucial 
for training within the PAF as it transitions to more advanced blocks of the JF-17. 

This table encapsulates the evolution of the JF-17 program through its different blocks, 
highlighting the significant enhancements in technology, capability, and role with each 
subsequent version. The detailed specifications and operational history provided 
illustrate the strategic importance of the JF-17 Thunder in modern aerial warfare and its 
pivotal role in the defense capabilities of Pakistan. 
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Image : JF-17 Block III Fighter   
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The Uncertain Nuclear Role of Pakistan's F-16 Fleet 
Pakistan's airpower, particularly its F-16 fleet, occupies a crucial role in the country's 
defense strategy, not just in conventional warfare capabilities but also in the context of 
nuclear deterrence. Despite the strategic importance, the extent to which Pakistan's F-
16s are integrated into its nuclear force structure remains a subject of ambiguity and 
intense speculation. This analysis delves into the historical, operational, and strategic 
dimensions of Pakistan's F-16 aircraft and their potential role in nuclear deterrence. 

Historical Context and Contractual Obligations 
The induction of F-16 aircraft into the Pakistan Air Force (PAF) began in the early 1980s, 
with the United States delivering these advanced fighter jets under strict contractual 
agreements. Key among these was the condition that the aircraft must not be modified 
for nuclear delivery, a stipulation aimed at ensuring compliance with non-proliferation 
objectives. However, despite these restrictions, reports have consistently surfaced over 
the years, suggesting that Pakistan has considered, or even attempted, modifications to 
these aircraft for nuclear weapon delivery. A significant disclosure in this context came 
from an Associated Press report in 1989, which highlighted concerns about Pakistan's 
intentions regarding its F-16 fleet. 

Recent Developments and U.S. Involvement 
The relationship between the United States and Pakistan concerning the F-16 program 
saw a notable development in September 2022, when the Biden administration approved 
a $450 million deal to sustain Pakistan’s F-16 fleet. This deal, according to the US Defense 
Security Cooperation Agency, is aimed at upgrading and extending the operational 
capabilities of these aircraft, though it again underlines the non-nuclear stipulation. 

Deployment and Nuclear Mission Speculations 

Mushaf Air Base Operations 
The older models of the F-16 fleet, specifically the F-16A/B variants, are stationed at 
Mushaf Air Base (formerly Sargodha Air Base). This base is strategically positioned 160 
kilometers northwest of Lahore, playing a pivotal role in the air defense and operational 
strategy of the PAF. The aircraft based here are organized into the 9th and 11th 
Squadrons—known as "Griffins" and "Arrows" respectively. These units possess a 
significant operational range of approximately 1,600 kilometers, extendable with drop 
tanks. 

Speculations about these aircraft’s nuclear roles suggest that they might be configured 
to carry single nuclear bombs on their centerline pylons. However, it is highly unlikely that 
nuclear ordnance is stored directly at Mushaf Air Base. More plausible scenarios suggest 
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that nuclear warheads are kept at the nearby Sargodha Weapons Storage Complex, 
roughly 10 kilometers to the south. This facility likely serves as a rapid armament site in 
crisis scenarios, allowing for swift armament of aircraft. Enhancements in security 
measures and infrastructure at this complex, including the construction of new tunnels 
and munitions bunkers, corroborate the strategic significance of this site. 

Shahbaz Air Base and the Introduction of F-16C/Ds 
Shahbaz Air Base, located outside Jacobabad, houses the newer F-16C/D variants within 
the 39th Wing, which transitioned from Mirages in 2011. This base, too, has seen 
considerable expansion since its inception, with significant additions to its weapons 
storage facilities, indicating a possible nuclear role. The base's sole squadron, the 5th 
Squadron ("Falcons"), operates these newer jets, which, like their older counterparts, are 
likely to have nuclear weapons stored at separate, secure locations rather than at the 
base itself. 

Visibility at Other Bases 
The F-16Cs have also been prominently displayed in public military parades, such as the 
2022 Pakistan Day Parade, signaling their importance in the national defense framework. 
Additionally, some F-16s have been spotted at Minhas (Kamra) Air Base, indicating a 
broader dispersion and possibly a diversified role across several bases, including roles 
possibly linked to the aircraft industry located at the base. 

While the integration of F-16 aircraft into Pakistan's nuclear doctrine remains shrouded 
in secrecy and speculation, the circumstantial evidence points to a nuanced, albeit 
unconfirmed, nuclear capability. The operational patterns, base enhancements, and 
strategic deployments of these aircraft suggest a potential readiness for a nuclear role, 
aligning with Pakistan’s broader strategic objectives of maintaining a credible deterrence 
posture. However, without official confirmation or more explicit evidence, the nuclear 
capabilities of Pakistan's F-16 fleet will remain a subject of strategic ambiguity. 
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Pakistan's Land-Based Ballistic Missile Capabilities 
Pakistan’s strategic military assets, specifically its land-based ballistic missiles, form a 
critical component of its defense and deterrence strategy. Over the past few decades, 
the country has developed a robust arsenal of nuclear-capable missiles, which are 
intended to secure its borders and maintain a balance of power in the region. This 
analysis delves deep into the current status of Pakistan's ballistic missile program, 
examining the capabilities, developments, and strategic implications of each missile 
system. 

Operational Missile Systems 

Short-Range Ballistic Missiles (SRBMs) 
• Abdali (Hatf-2): First developed in the late 1990s, the Abdali missile has a 

reported range of 200 kilometers. Despite being an older model, the Abdali was 
shown in military parades until 2013, after which it has not been publicly tested or 
displayed. This suggests that while the Abdali remains a part of Pakistan's arsenal, 
it may have been overshadowed by more advanced systems. 

• Ghaznavi (Hatf-3): The Ghaznavi missile is capable of delivering multiple 
warhead types over a range of up to 290 kilometers. Notably active, it has been 
tested several times in recent years, including night launches that underscore its 
readiness and reliability. The missile’s range, however, limits its ability to strike 
deep into Indian territory, implying its likely deployment near the border to target 
nearby strategic locations. 

• Shaheen-I (Hatf-4) and Shaheen-IA: The Shaheen-I series represents a 
significant step forward in range and technology. These missiles are road-mobile 
and solid-fueled, enhancing their operational flexibility and response time. The 
Shaheen-IA, an upgraded variant, offers improvements in range and accuracy, 
making it a more formidable part of the arsenal. 

• Nasr (Hatf-9): The Nasr missile system is designed for tactical nuclear warfare. 
With a quick deployment time and the ability to carry nuclear warheads, Nasr is 
tailored for battlefield use, aiming to deter and respond to any armored advances 
by adversaries. 

Medium-Range Ballistic Missiles (MRBMs) 
• Ghauri (Hatf-5): The Ghauri missile has a longer range, capable of striking targets 

up to 1,300 kilometers away. This system is liquid-fueled, which generally requires 
longer preparation time before launch, potentially making it less responsive 
compared to solid-fuel missiles. 
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• Shaheen-II (Hatf-6): As an advanced MRBM, the Shaheen-II significantly 
enhances Pakistan’s strike capabilities with a range of around 2,000 kilometers, 
making it capable of reaching deeper targets in India and beyond. It’s a more 
technologically sophisticated missile, with improved guidance and payload 
capacity. 

Under Development and Future Prospects 
• Shaheen-III: Currently under development, the Shaheen-III is anticipated to 

extend Pakistan's reach further, with an expected range exceeding 2,500 
kilometers. This development signals Pakistan’s intent to maintain and enhance 
its strategic deterrence capabilities. 

• Ababeel: The development of the Ababeel missile introduces Multiple 
Independently targetable Re-entry Vehicle (MIRV) capabilities to Pakistan's 
arsenal. MIRV technology allows a single missile to carry multiple nuclear 
warheads, each capable of being directed to a different target. This represents a 
significant leap in ballistic technology, potentially increasing the effectiveness of 
Pakistan's nuclear deterrence by complicating missile defense efforts against it. 
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Evolution and Strategic Context of Pakistan's Shaheen 
Ballistic Missiles 
In the realm of international security and regional power dynamics, Pakistan’s 
development of ballistic missile technology is a subject of significant interest and 
concern. Among the various systems that Islamabad has developed, the Shaheen series 
of ballistic missiles stand out due to their capabilities and strategic implications. This 
comprehensive analysis explores the evolution, deployment, and technological 
advancements of the Shaheen-I and Shaheen-IA missiles, alongside the tactical Nasr 
missile system, providing insights into Pakistan's defense strategy and regional 
deterrence. 

The Shaheen-I Ballistic Missile: Development and Capabilities 
The Shaheen-I (Hatf-4) missile is a pivotal component of Pakistan's strategic arsenal. 
Introduced into service in 2003, this single-stage, solid-fuel missile can strike targets up 
to 650 kilometers away, making it a significant tool for short to medium-range attacks. 
The mobility of the Shaheen-I is facilitated by a four-axle, road-mobile Transporter 
Erector Launcher (TEL), similar to that used for the Ghaznavi missile. This mobility 
provides strategic flexibility and enhances the survivability of the system under potential 
preemptive strikes. 

Since its induction, the Shaheen-I has seen several test launches, with notable 
developments aimed at extending its range and improving its accuracy. These tests have 
not only demonstrated the missile's operational readiness but have also highlighted 
advancements in Pakistan's missile technology. 

Shaheen-IA: Extended Range and Enhanced Capabilities 
The evolution of the Shaheen-I missile led to the development of its extended-range 
variant, the Shaheen-IA, which was introduced around 2012. The Shaheen-IA boasts an 
increased range of 900 kilometers, substantially augmenting its threat profile to include 
deeper targets within adversarial territories. This missile has been part of a series of test 
launches, with the most recent ones conducted in March and November 2021. These 
tests were critical in validating the missile’s enhanced capabilities and readiness for 
operational deployment. 

Deployment locations for the Shaheen-I series are strategically chosen to maximize 
coverage and deterrence. Potential locations such as Gujranwala, Okara, and Pano Aqil 
not only provide geographical advantages but also facilitate rapid deployment and 
response capabilities against emerging threats. 
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Operational Deployment and Strategic Display 
The strategic importance of the Shaheen-I and its extended variant Shaheen-IA is 
regularly highlighted in military parades, such as the Pakistan Day Parade. While the 
Shaheen-I was prominently displayed in the 2021 parade, it was notably replaced by the 
Shaheen-IA in the 2022 edition, signaling a shift towards newer, more capable systems 
within Pakistan’s missile forces. 

The Nasr (Hatf-9) Missile System: Tactical Nuclear Deterrence 
The Nasr missile system, known for its rapid deployment capability, represents a 
significant development in Pakistan’s tactical nuclear strategy. Designed for short-range 
use, it features a road-mobile Transporter Erector Launcher (TEL) that can accommodate 
multiple launch tubes, enhancing its salvo firing capability, which is crucial for battlefield 
scenarios. Since its deployment in 2013, as confirmed by the National Air and Space 
Intelligence Center, the Nasr has undergone numerous tests, solidifying its status within 
Pakistan's military arsenal. 

Deployment of the Nasr is strategically focused on areas such as Gujranwala, Okara, and 
Pano Aqil—locations that offer tactical advantages in terms of range and response time 
against potential threats. The system's development and operational testing underscore 
its role in Pakistan's defense posture, particularly as a countermeasure to conventional 
force accumulations on the border. 

The Nasr Missile System: Tactical Use and Controversy 
Alongside the strategic class of the Shaheen missiles, the Nasr (Hatf-9) short-range 
missile occupies a unique position in Pakistan’s arsenal. Initially reported to have a range 
of only 60 kilometers, recent enhancements have extended its reach to approximately 70 
kilometers. Despite its limited range, which restricts its ability to strike strategic depth 
targets, the Nasr missile is specifically designed for tactical use on the battlefield. Its 
development was driven by the need to counter specific military doctrines and scenarios, 
particularly as a deterrent against conventional troop advancements. 

The Nasr missile is lauded for its quick deployment capabilities, often described as a 
"shoot and scoot" system. This attribute allows Pakistani forces to launch nuclear-
capable warheads with high precision and then swiftly relocate to avoid counterattacks. 
Recent tests, particularly those conducted in January 2019, have focused on 
demonstrating the Nasr’s salvo-launch capabilities, which involve firing multiple missiles 
in rapid succession to overwhelm enemy defenses. These tests also showcased the 
missile's in-flight maneuverability, an essential feature for evading missile defense 
systems. 
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Shaheen-II (Hatf-6): Enhancing Medium-Range Capabilities 
The development of the Shaheen-II missile marks a significant step in extending 
Pakistan’s strike capabilities. As a medium-range, two-stage, solid-fuel missile, it has 
been part of the strategic arsenal since the early 2000s, with consistent updates and test 
launches to validate its effectiveness. According to US intelligence assessments, there 
are fewer than 50 Shaheen-II launchers deployed, a testament to the missile's 
operational importance. 

Despite discrepancies in reported ranges—with Pakistan declaring a 1,500 km range and 
US sources suggesting 2,000 km—the Shaheen-II remains a crucial element of Pakistan’s 
medium-range deterrent capability. The missile can carry both conventional and nuclear 
warheads, adding a versatile option to the strategic forces. It is transported via a six-axle 
road-mobile TEL, enhancing its survivability and responsiveness in a conflict scenario. 

Shaheen-III: Extending Reach and Strategic Intent 
The introduction of the Shaheen-III missile has significantly expanded Pakistan’s 
strategic reach. First publicly displayed in 2015, this medium-range missile can deliver 
warheads to a range of up to 2,750 km, making it the longest-range missile in Pakistan’s 
arsenal. Its development was likely influenced by strategic necessities, including the 
need to counter developments in distant territories, such as the Indian Andaman and 
Nicobar Islands, which have been identified as potential strategic bases by Indian forces. 

The Shaheen-III’s capability to reach these distant outposts underscores Pakistan’s 
strategic planning, extending its deterrent reach well beyond the immediate region. The 
missile, carried on an eight-axle TEL reportedly sourced from China, represents a 
significant technological advancement in terms of range and payload delivery. Its test 
launches, including the most recent in April 2022, are part of ongoing efforts to validate 
and refine its capabilities, ensuring that it meets operational requirements before full 
deployment. 
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Image : The Pakistani army test-launched a Shaheen-III medium-range ballistic missile in 
April 2022. (Archive image from 2015 via Pakistani military). 

Strategic Implications of Pakistan’s Missile Development 
The ongoing development and deployment of ballistic missile systems such as the Nasr, 
Shaheen-II, and Shaheen-III reflect Pakistan's strategic priorities and its perception of 
regional threats. These missile systems are not merely tools of war but instruments of 
strategic policy, designed to serve as deterrents against potential aggression and to 
reinforce Pakistan's position in regional and global geopolitics. 

The strategic deployment of these systems across various locations in Pakistan 
enhances the country's readiness and flexibility in response to emerging threats. The 
choice of deployment locations and the specific capabilities of each missile system are 
indicative of a well-thought-out strategy aimed at maximizing the effectiveness of 
Pakistan's nuclear and conventional deterrents. 

Operational and Technological Advancements 
Pakistan's investment in missile technology has yielded significant advancements in 
terms of operational capabilities and technological sophistication. The development of 
multi-launch platforms, extended-range capabilities, and enhanced mobility of missile 
systems like the Shaheen-III and Nasr underscores the country's commitment to 
maintaining a credible and effective deterrent force. These technological enhancements 
not only improve the strategic capabilities of Pakistan's armed forces but also complicate 
the strategic calculations of potential adversaries. 
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The development and enhancement of the Shaheen and Nasr missile systems reflect 
Pakistan’s strategic imperatives in the South Asian region. By advancing its ballistic 
missile capabilities, Pakistan aims to maintain a credible deterrence posture and ensure 
its security in a complex regional security environment. The strategic deployment of 
these missiles, coupled with their showcased capabilities in various military parades and 
tests, sends a clear signal of Pakistan's readiness and willingness to use these advanced 
systems to protect its national interests. 
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Pakistan’s Ballistic Missile Development 

Ghauri Ballistic Missile: An Overview 
The Ghauri missile, also known as Hatf-5, has been a staple of Pakistan's ballistic missile 
arsenal. It is a medium-range, road-mobile, single-stage missile that uses liquid fuel. The 
design of the Ghauri missile is believed to be based on North Korea's Nodong missile. The 
most recent test-launch of the Ghauri missile occurred in October 2018, as reported by 
the Inter-Services Public Relations (ISPR), the media wing of the Pakistan Armed Forces. 

The Ghauri missile is capable of carrying a single warhead, which can be either 
conventional or nuclear. According to the Pakistani government, the missile has a 
maximum range of 1,300 kilometers. However, assessments by the National Air and 
Space Intelligence Center (NASIC) suggest a slightly lower range of about 1,250 
kilometers. NASIC also estimates that fewer than fifty Ghauri missile launchers have 
been deployed. 

Operational Challenges and Deployment 
The operational readiness of the Ghauri missile is hampered by its reliance on liquid fuel, 
which requires time to fuel before launch. This extended preparation time increases the 
missile’s vulnerability to preemptive strikes, particularly in an escalating conflict 
scenario. The physical characteristics of the Ghauri necessitate specific storage and 
maintenance needs, further complicating its deployment. 

Strategic deployment locations for the Ghauri missile include the Sargodha Central 
Ammunition Depot area and the Khuzdar Garrison. Notably, the perimeter of the 
Khuzdar Garrison was expanded in late 2017 to accommodate three additional 
transporter erector launchers (TEL) garages, indicating a significant investment in 
maintaining and potentially expanding this missile's role in Pakistan’s defense strategy. 

Shift Towards Solid-Fuel Missiles 
The vulnerabilities associated with the Ghauri missile have prompted Pakistan to invest 
in newer, solid-fuel missiles, which offer quicker launch times and reduced 
maintenance. These developments suggest a strategic shift that could eventually lead to 
the phasing out of the Ghauri system in favor of more advanced technologies such as the 
Shaheen series. 

Ababeel Missile: Technological Advancement 
In contrast to the Ghauri, the Ababeel missile represents a significant technological leap 
for Pakistan’s ballistic missile program. Launched for the first time on January 24, 2017, 
the Ababeel is a three-stage, solid-fuel missile capable of carrying multiple warheads 
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using Multiple Independently targetable Reentry Vehicle (MIRV) technology. This 
capability allows a single missile to deploy several warheads at different targets 
simultaneously, significantly complicating missile defense efforts by adversaries. 

The Ababeel has a reported range of 2,200 kilometers and is currently under development 
at the National Defense Complex. The missile’s design and technology are derived from 
the Shaheen-III missile’s airframe and motor, showcasing an indigenous evolution in 
missile technology. 

Strategic Implications of MIRV Technology 
The development of the Ababeel missile with MIRV technology is a strategic response to 
the growing ballistic missile defense (BMD) capabilities in the region. India’s investment 
in BMD systems has prompted Pakistan to enhance its missile technology to ensure the 
survivability and effectiveness of its ballistic arsenal. The ability to deploy multiple 
warheads simultaneously not only reinforces Pakistan’s deterrence capabilities but also 
ensures a credible second-strike capability. 

Pakistan’s ballistic missile program, particularly through the development and 
deployment of missiles such as Ghauri and Ababeel, plays a crucial role in its national 
defense strategy. While the Ghauri missile continues to serve as a key component of 
Pakistan's strategic arsenal, the development of advanced systems like Ababeel 
highlights Pakistan’s commitment to enhancing its deterrence capabilities in the face of 
regional challenges. The evolution from liquid-fueled to solid-fueled systems, along with 
the integration of advanced technologies such as MIRV, indicates a significant shift in 
Pakistan’s approach to maintaining strategic stability in South Asia 
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Pakistan's Strategic Missile Garrisons: A Detailed 
Analysis of Nuclear-Capable Bases and Facilities 
Pakistan's nuclear capabilities have long been a subject of intense scrutiny and strategic 
calculations within the international defense community. The strategic deployment of its 
nuclear arsenal, particularly through land-based missile garrisons, remains a critical 
component of its national defense strategy. This article delves into the known extents of 
Pakistan’s nuclear-capable missile bases, providing an analytical overview of their 
locations, structures, and potential strategic roles. 

The Enigmatic Footprint of Pakistan’s Missile Bases 
The total number of Pakistan’s nuclear-capable missile bases is shrouded in secrecy. 
Distinguishing between bases that are intended strictly for conventional roles and those 
capable of supporting nuclear strikes poses significant challenges. However, through 
rigorous analysis of commercial satellite imagery, defense analysts have identified at 
least five missile bases that likely play a role in housing Pakistan's strategic nuclear 
forces. 

Akro Garrison: A Key Pillar in Nuclear Strategy 
Located 18 kilometers north of Hyderabad, Sindh, Akro Garrison is a significant military 
base approximately 145 kilometers away from the Indian border. Spanning an area of 
about 6.9 square kilometers, this garrison has seen gradual expansions since 2004. It 
includes six missile transporter erector launcher (TEL) garages designed to 
accommodate up to 12 launchers. Notably, an underground facility with a complex layout 
has been revealed through satellite imagery, highlighting its strategic importance. 

The presence of a vehicle training area in the garrison's northeast corner, displaying five-
axle TELs likely intended for the Babur cruise missile system, underscores the site’s 
operational capabilities in deploying advanced missile systems. 

Gujranwala Garrison: A Complex Military Hub 
The Gujranwala Garrison is one of Pakistan’s largest military installations, covering nearly 
30 square kilometers in Punjab. Approximately 60 kilometers from the Indian border, this 
site has expanded since 2010 to include a TEL launcher area east of a conventional 
munitions storage site. The design and layout of this area, which includes multiple 
launcher garages and a reinforced weapons storage bunker, suggest it is prepared to 
facilitate rapid deployment and handling of missile systems. The presence of vehicles 
resembling the Nasr short-range missile system in satellite images provides a glimpse 
into the type of armaments that might be deployed from this garrison. 
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Khuzdar Garrison: Remote Yet Strategically Vital 
Situated 220 kilometers west of Sukkur in southeast Balochistan, Khuzdar Garrison is 
notably distant from the Indian border. Its layout includes two main sections, with the 
southern section housing TEL garages that expanded in late-2017. The design similarities 
between this garrison and Akro Garrison, particularly the underground facilities and 
weapon handling buildings, point to a standardized approach in managing Pakistan’s 
strategic missile assets. Commercial satellite imagery has occasionally captured what 
appear to be nuclear-capable missile launchers, such as Ghauri or Shaheen-II TELs, at 
this location. 

Pano Aqil Garrison: Near the Border, High Readiness 
Located just 85 kilometers from the Indian border in northern Sindh, Pano Aqil Garrison 
comprises several sections covering nearly 20 square kilometers. Its TEL area, notable 
for its robust security and design, can potentially accommodate up to 50 TELs. Regular 
satellite imagery captures large numbers of TELs, including those for Babur and Shaheen-
I missiles, indicating a high state of readiness at this garrison. 

Sargodha Garrison: A Legacy of Nuclear Testing 
Sargodha Garrison, situated within and around the Kirana Hills, is steeped in nuclear 
history, having served as a site for nuclear tests from 1983 to 1990. This garrison features 
a non-uniform layout with dispersed TEL garages, suggesting adaptations to its older 
infrastructure. An underground storage area, visible through imagery, and adjacent 
facilities for weapon and missile handling, emphasize its ongoing strategic importance. 

The strategic configuration of Pakistan's missile garrisons reflects a complex, multi-
layered approach designed to enhance the survivability and effectiveness of its nuclear 
forces. While definitive details on the number and full capabilities of these bases remain 
closely guarded, the available evidence points to a robust infrastructure capable of 
supporting a formidable nuclear deterrent. This analysis not only sheds light on the 
current status of Pakistan's missile garrisons but also underscores the broader 
implications of its strategic military postures in the region. 

Note: The information provided in this article is based on open-source intelligence and 
commercial satellite imagery analysis. The details mentioned are subject to changes and 
updates as new information becomes available. 

 

 

Image: Similar design of TEL areas at Gujranwala and Pano Aqil Garrisons. (Image: Maxar 
Technologies/Federation of American Scientists). 
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Image: Pano Aqil Garrison – Weapons storage – copyright debuglies.com – 2024 
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Image: Gujranwala – Weapons storage – copyright debuglies.com – 2024 
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Advances and Developments in Pakistan's Ground and 
Sea-Launched Cruise Missile Capabilities 
In recent years, Pakistan has significantly advanced its arsenal of ground- and sea-
launched cruise missiles, reflecting a concerted effort to enhance its strategic military 
capabilities. The development of these missiles, including the Babur family and the new 
Harbah variant, underscores Pakistan's strategic aims in the regional and global security 
environment. This detailed exploration provides an analytical overview of the ongoing 
advancements, operational deployments, and strategic implications of Pakistan's cruise 
missile technology. 

The Babur Missile Series: A Keystone of Pakistan’s Strategic Arsenal 
The Babur missile, named after the founder of the Mughal Empire, is Pakistan’s 
indigenously developed cruise missile and a cornerstone of its strategic weaponry. It is a 
subsonic, dual-capable cruise missile with similarities in design and functionality to the 
US Tomahawk, the Chinese DH-10, and the Russian AS-15. The Pakistani military touts 
the Babur as having stealth capabilities, pinpoint accuracy, and a low-altitude, terrain-
hugging trajectory that enhances its maneuverability and ability to evade radar detection. 

Babur-1 and Its Evolutions 
The Babur-1, the initial variant, has undergone nearly a dozen test launches and is likely 
operational within the Pakistani armed forces. It features a unique mobile launcher with 
a three-tube box configuration, distinct from the more commonly seen quadruple box 
launcher. Discrepancies in reported ranges—a typical feature in missile development 
narratives—highlight the contested nature of strategic weapon capabilities. Pakistani 
sources have claimed ranges of 600 to 700 km, while the US intelligence assessments 
suggest a lower operational range closer to 350 km. 

Recent upgrades have led to the Babur-1A, which features improved avionics and 
navigation systems, enabling it to engage targets effectively both on land and at sea. This 
variant has been tested multiple times, with the most recent in 2021, where it reportedly 
achieved a range of 450 km. 

Babur-2: The Enhanced Ground-Launched Cruise Missile 
The development of Babur-2 or Babur-1B represents a significant enhancement over its 
predecessors. Despite facing setbacks in test launches, as reported by Indian media—
claims not confirmed by Pakistan—this variant purportedly extends the operational range 
to 700 km and can carry various types of warheads. The repeated reference to a 700 km 
range for both Babur-1 and Babur-2 suggests an initial underestimation of the original 
system’s capabilities. The Babur-2’s development has been integral in maintaining a 
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credible deterrent posture, especially considering the regional ballistic missile defense 
developments. 

The Babur-3: Extending Deterrence to the Sea 
Pakistan’s strategic vision encompasses a triad of nuclear-capable platforms, reflecting 
the increasing importance of maritime assets in regional security dynamics. The Babur-
3, a sea-launched variant of the Babur missile, is a pivotal component of this strategy. 
Tested from underwater platforms in the Indian Ocean, the Babur-3 has a reported range 
of 450 km and is capable of delivering various payloads. Its development is seen as a 
response to India’s nuclear triad and the broader nuclearization of the Indian Ocean 
Region. 

The deployment of the Babur-3 is anticipated primarily on the Agosta-90B and upcoming 
Hangor-class submarines, enhancing Pakistan’s second-strike capabilities and 
reinforcing its policy of credible minimum deterrence. The ongoing construction of these 
submarines in collaboration with China marks a significant step in Pakistan’s naval 
expansion and strategic depth. 

The Development and Induction of the Harbah Missile into the 
Pakistan Navy 
In the intricate landscape of modern naval warfare, missile technology continues to play 
a pivotal role, with nations striving to enhance their maritime defense capabilities 
through advanced armaments. A notable development in this arena is Pakistan’s 
advancement in cruise missile technology, specifically with the introduction of the 
Harbah missile. This strategic move not only marks a significant enhancement in 
Pakistan's naval offensive capabilities but also represents a key step in its ongoing 
defense strategy. 

Introduction to the Harbah Missile 
The Harbah missile, a variant of the well-established Babur cruise missile, has been 
tailored specifically for deployment from surface vessels. This missile was prominently 
featured during the 11th Doha International Maritime Defence Exhibition and Conference 
(DIMDEX) held in March 2022. The event served as a platform for Pakistan to showcase 
its latest advancements in military technology to the international defense community. 

Capabilities and Features of the Harbah Missile 
Described by a Pakistan Navy spokesperson as an “all-weather” subsonic cruise missile, 
the Harbah possesses both anti-ship and land-attack capabilities. Its versatility in 
engaging various types of targets makes it a formidable addition to Pakistan's naval 
arsenal. The missile has an operational range of approximately 290 kilometers, which 
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enables it to effectively engage targets from a significant distance without exposing the 
host ship to counterattacks. 

The technology underlying the Harbah missile allows for precise targeting, thanks to its 
advanced guidance and navigation systems. These systems ensure that the missile can 
maintain a low-altitude flight path, making it harder to detect and intercept. The 
combination of these features underscores the strategic utility of the Harbah in 
enhancing Pakistan's maritime defense posture. 
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Induction into the Pakistan Navy 
Following its introduction and testing phases, the Harbah missile has been officially 
inducted into the Pakistan Navy. It is currently deployed on Azmat-class fast attack craft, 
which are among the key surface vessels in the Pakistan Navy’s fleet. These ships are 
designed for quick maneuvering and can effectively utilize the Harbah missile to engage 
a wide range of surface and land-based targets. 

The decision to deploy the Harbah missile on Azmat-class ships is indicative of the 
Pakistan Navy's strategy to bolster its littoral combat capabilities. By arming fast attack 
craft with the Harbah, the Navy enhances its ability to conduct operations in the near-
shore environments, which are crucial for the defense of Pakistan's maritime interests. 

Strategic Implications 
The induction of the Harbah missile into the Pakistan Navy is not merely a technological 
upgrade but also a strategic enhancement. This development is particularly significant 
given the geopolitical complexities of the South Asian region. The increased range and 
versatility of the Harbah provide Pakistan with greater deterrence capabilities, enabling it 
to secure its maritime borders more effectively against potential threats. 

Moreover, the ability of the Harbah missile to carry out land-attack missions adds an 
additional layer of strategic depth to Pakistan's defense posture. In scenarios where land-
based targets need to be engaged promptly, the Harbah-equipped surface vessels can 
be mobilized to deliver precise strikes, thereby extending the operational reach of the 
Pakistan Navy beyond the immediate maritime zone. 
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Escalating Tensions: Iran and Pakistan’s Strained 
Relations Amid Regional Instabilities 
The geopolitical landscape of South Asia has witnessed a significant escalation of 
tensions between Iran and Pakistan, marking a potential spillover of Middle Eastern 
conflicts into South Asia. Recent events have underscored Iran's reputation as a 
disruptive geopolitical actor, particularly through its support for regional proxies like 
Hamas and the Houthis. This pattern of behavior has been consistent with Iran's strategic 
posturing in the Middle East, but recent developments have brought this dynamic to the 
fore in its relationship with Pakistan. 

On January 16, 2023, Iran initiated a military operation against what it claimed were 
strongholds of Jaish al-Adl (Army of Justice) in the Pakistani province of Baluchistan, 
which borders Iran. Jaish al-Adl, a Sunni Islamist militant group, has been a thorn in the 
side of Tehran, engaging in several attacks within Iran's Sistan and Baluchistan province. 
In retaliation, Pakistan conducted air strikes on January 18, targeting alleged havens of 
the Baluchistan Liberation Army and Baluchistan Liberation Front within Iran's territory. 
These actions resulted in civilian casualties and escalated the tension between the two 
nations. 

The diplomatic fallout was immediate. Pakistan recalled its ambassador from Tehran and 
barred the return of the Iranian ambassador to Pakistan. However, diplomatic efforts 
were quickly mobilized to de-escalate the situation, culminating in a visit by Iran’s Foreign 
Minister, Hossein Amir-Abdollahian, to Pakistan in late January. This visit aimed to restore 
diplomatic relations and calm the fraught nerves on both sides. 

Despite the volatile exchange, both countries have so far managed a calibrated response. 
Official statements from both nations emphasized that the military actions were targeted 
at insurgent groups and not at each other's sovereign territory. This indicates that neither 
country is eager to engage in a broader conflict. Iran, already stretched thin across 
multiple fronts in the Middle East, and Pakistan, grappling with economic challenges and 
political transitions, are both keen to avoid a new regional conflict. 

The interactions between Iran and Pakistan have not always been fraught with hostility. 
In fact, the relationship has been relatively stable compared to Pakistan's tumultuous 
ties with other neighbors like India and Afghanistan. Just hours before the airstrikes, 
Pakistan’s interim Prime Minister Anwar ul-Haq Kakar and Iran’s Foreign Minister met on 
the sidelines of the World Economic Forum in Davos. Additionally, joint naval exercises 
were conducted near the Strait of Hormuz on the same day, signaling a complex 
relationship that blends cooperative and competitive elements. 
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The two countries have also attempted to collaborate on stabilizing Afghanistan, though 
their support has often diverged along ethnic and sectarian lines. Pakistan has 
historically supported Sunni majority groups like the Taliban, while Iran has supported the 
Persian-speaking Tajik and Shia Hazara communities. This divergence was starkly evident 
prior to the U.S. invasion of Afghanistan in 2001 when Iran and Pakistan supported 
opposing factions in the Afghan civil war. 

The ethnic Baluch communities in Iran and Pakistan have been central to the recent 
tensions. On the Iranian side, the insurgency has taken on a Sunni Islamist character, with 
groups like Jaish al-Adl, which has affiliations with ISIS, playing a prominent role. This 
group is responsible for numerous attacks in Iran, including a significant attack in Kerman 
on January 3, 2023, which resulted in over 80 fatalities. This attack prompted Iran to 
undertake military strikes not only in Pakistan but also in Iraq and Syria. 

Conversely, the Baluch insurgency in Pakistan has more secular nationalist roots, linked 
to long-standing grievances dating back to the partition of India in 1947. The current 
insurgency intensified post-2001, exacerbated by the influx of militants from Afghanistan 
into the Baluchistan province. This region, despite its vast resources, remains 
underdeveloped and impoverished, fueling discontent and insurgency. 

The risk of accidental escalation remains a significant concern. Both nations are keen to 
project strength and protect their sovereignty, especially in regions where their legitimacy 
and control are challenged. Iran's eagerness to demonstrate its capacity to secure its 
borders is matched by Pakistan's need to reinforce its military prowess, particularly 
following the political upheaval associated with the ouster of Imran Khan in 2022. 

The broader implications of Iran-Pakistan tensions on their relations with third parties like 
India, China, and Sunni Arab states are also crucial. Iran's airstrikes coincided with a 
strategic visit by India's Foreign Minister to Tehran, which could be perceived by Pakistan 
as an attempt by India to encircle it geopolitically. Meanwhile, China, which maintains 
robust relationships with both Iran and Pakistan, could play a mediating role, similar to 
its recent facilitation of diplomatic talks between Iran and Saudi Arabia. 
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Nuclear Program Collaboration and Its Geopolitical 
Implications 
Despite the tensions, Iran and Pakistan have engaged in varying degrees of dialogue and 
cooperation concerning nuclear technology and safety. Pakistan, one of the few nuclear-
armed states outside the Nuclear Non-Proliferation Treaty (NPT), has developed a 
substantial nuclear arsenal and has significant experience in nuclear technology. Iran, on 
the other hand, has faced international scrutiny and sanctions over its nuclear program, 
which it insists is for peaceful purposes. 

Historically, there have been suspicions and reports, albeit unconfirmed, suggesting 
some level of nuclear collaboration between the two countries. Such reports have often 
pointed to the early days of Iran’s nuclear program, when it was believed to have sought 
expertise and possibly material support from Pakistan. This was particularly speculated 
during the tenure of A.Q. Khan, Pakistan's infamous nuclear scientist who was accused 
of running a clandestine network that supplied nuclear technology and knowledge to 
several countries, including Iran. 

The potential for nuclear collaboration between Iran and Pakistan brings with it a complex 
array of geopolitical implications. For Pakistan, any perceived cooperation with Iran could 
strain its relations with Arab Gulf states and the United States, who view Iran’s nuclear 
ambitions with suspicion. For Iran, enhanced cooperation or even the perception of 
nuclear ties with Pakistan could provide it with a strategic deterrent against regional 
adversaries, particularly given the ongoing tensions with Israel and Saudi Arabia. 
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Detailed Overview of Nuclear and Military 
Collaborations Between Iran and Pakistan 
While there is limited open-source information that explicitly confirms official nuclear or 
military collaborations between Iran and Pakistan, several historical contexts and 
developments suggest interactions or influences between the two nations in these fields. 
Here is a detailed examination of the alleged collaborations and influences in their 
nuclear and military programs: 

Historical Nuclear Links and Allegations of Collaboration 
• A.Q. Khan Network and Early Collaboration Allegations: The most significant 

connection between the nuclear programs of Iran and Pakistan revolves around 
the activities of Dr. Abdul Qadeer Khan, the father of Pakistan’s nuclear bomb. It 
was alleged that in the late 1980s and early 1990s, technology and knowledge 
transfer might have occurred from Pakistan to Iran. Dr. A.Q. Khan's network was 
accused of providing centrifuges and designs to Iran, which helped jumpstart 
Tehran's uranium enrichment capabilities. These allegations were based on 
documents and Western intelligence reports that surfaced in the early 2000s, 
indicating that Iran had acquired centrifuge designs similar to those used by 
Pakistan. 

• International Scrutiny and Denials: Both Iran and Pakistan have faced 
significant scrutiny over these allegations. Iran has consistently denied that its 
nuclear program has military objectives, emphasizing its peaceful intentions and 
compliance with the Nuclear Non-Proliferation Treaty (NPT), to which it is a 
signatory. Pakistan has officially denied any state involvement in the proliferation 
activities, attributing them to rogue elements within the country. Dr. A.Q. Khan 
himself admitted to transferring technology to Iran but claimed it was done 
without the Pakistani government's authorization. 

Conventional Military Interactions 
• Joint Exercises and Training: Iran and Pakistan have occasionally conducted 

joint military exercises, primarily focusing on naval operations. These exercises 
are aimed at promoting regional stability and securing important maritime routes 
like the Strait of Hormuz. Such collaborations help both countries enhance their 
tactical and operational readiness in key strategic maritime zones. 

• Security Conferences and Dialogues: The two countries have participated in 
various security dialogues and conferences aimed at addressing mutual concerns 
such as border security, the fight against terrorism, and narcotics trafficking. 
These interactions, while not directly linked to explicit military program 
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collaborations, contribute to building trust and understanding between their 
military establishments. 

Strategic and Defense Diplomacy 
• Defense Diplomacy and High-level Visits: High-level visits and meetings 

between Iranian and Pakistani defense officials have occasionally touched on 
matters of military cooperation and regional security. These meetings often focus 
on issues like the Afghan conflict, where both nations have vested interests. The 
discussions sometimes lead to agreements on intelligence sharing and 
coordinated border management to combat insurgency and smuggling. 

• Regional Coalitions and Alliances: Iran and Pakistan's military strategies are 
also influenced by their participation in regional coalitions and alliances. For 
example, both countries have shown interest in the Shanghai Cooperation 
Organisation (SCO), which deals with political, economic, and security-related 
issues in the region. Such platforms provide indirect avenues for military 
cooperation and alignment on security policies. 

Sales and Transfers of Military Equipment 
• Potential Military Hardware Discussions: There have been sporadic reports of 

discussions related to military hardware sales or transfers between Iran and 
Pakistan, though detailed information and concrete deals are rarely made public 
due to the sensitive nature of such transactions and the potential international 
repercussions, especially considering Iran’s position under various international 
sanctions. 

Technological and Research Collaboration 
• Research Institutes and Think Tanks: Both countries have established various 

research institutes and think tanks that focus on defense and security issues. 
While these are primarily academic and diplomatic in nature, they occasionally 
collaborate on joint research projects that cover strategic military issues, 
contributing to a deeper understanding of mutual security dynamics and potential 
areas of cooperation. 

Advanced Military Development and Strategic Posturing 
In terms of military development, both Iran and Pakistan have pursued significant 
advancements in their defense capabilities, albeit with different strategic focuses and 
under varying constraints. Iran has heavily invested in its missile technology and 
asymmetric warfare capabilities, developing a range of ballistic missiles and drones. 
These advancements are part of Iran's broader strategy to compensate for its 
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conventional military limitations, providing it with a potent means to project power and 
deter adversaries. 

Pakistan’s military development, meanwhile, has been heavily influenced by its ongoing 
rivalry with India. Pakistan has focused on enhancing its nuclear arsenal and developing 
a variety of delivery systems, including ballistic missiles capable of carrying nuclear 
warheads. Additionally, Pakistan has invested in improving its conventional military 
capabilities, though economic constraints have often limited the scope of these 
advancements. 

The development of military capabilities in both countries is closely watched by their 
neighbors and the international community. Iran's missile tests and military exercises 
often draw criticism from the West and regional rivals, who fear that such capabilities 
enable Iran to support its proxies more effectively. Conversely, Pakistan's military 
developments are primarily viewed through the lens of Indo-Pakistani tensions, with 
significant international attention focused on ensuring that both nations' nuclear 
arsenals remain secure. 

The dynamic interplay of insurgency, suspicion, and strategic collaboration between Iran 
and Pakistan underscores the complexity of their bilateral relations. While both countries 
face significant internal and external challenges, their interactions on the nuclear front 
and military developments are pivotal in shaping the regional security architecture. How 
Tehran and Islamabad navigate their relationship amid these multifaceted challenges will 
significantly influence not only their bilateral ties but also the broader stability of South 
Asia and the Middle East. 
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The Evolution of North Korea's Nuclear Arsenal and 
Strategic Ambitions 
North Korea's nuclear ambitions have been a significant point of concern on the global 
stage, particularly as it has advanced its nuclear weapons and missile technology over 
the past two decades. This article delves into the developments, strategies, and potential 
implications of North Korea's growing nuclear capabilities. It explores the country's 
progress in nuclear weapon development, the strategic goals set by its leadership, and 
the complex dynamics of regional and global security influenced by its actions. 

North Korea’s Nuclear Weapons Development 
Since the turn of the century, North Korea has made substantial advancements in its 
nuclear weapons program. It has conducted six nuclear tests, with one detonation 
surpassing a yield of 100 kilotons. These tests, coupled with a series of ballistic missile 
launches, underscore North Korea's intent to refine and expand its nuclear arsenal. 
Among these missiles, several are believed capable of carrying nuclear warheads to 
targets not only in Northeast Asia but also potentially reaching as far as the United States 
and Europe. 

Nuclear Device Detonations and Missile Tests 
The North Korean regime has test-flown a diverse array of new ballistic missiles. However, 
there remains significant uncertainty about the number of these missiles that are fully 
operational with nuclear capabilities. While it is generally assumed that North Korea 
possesses operational nuclear warheads for its short-range and medium-range missiles, 
the capability of its long-range ballistic missiles, especially those capable of 
intercontinental reach, remains ambiguous. 

Challenges in Assessing Nuclear Capabilities 
The opacity of North Korea's nuclear program poses substantial challenges for global 
intelligence agencies and security experts. This difficulty is compounded by the secretive 
nature of the regime and its strategic communications, which often blend factual 
development with aspirational rhetoric. As a result, much of the analysis relies on 
satellite imagery and publicly available information to estimate the scope and scale of 
North Korea's nuclear capabilities. 

Strategic Goals Announced in 2021 
In a pivotal announcement in 2021, Kim Jong-un outlined several strategic objectives for 
the enhancement of North Korea’s nuclear arsenal. These goals include: 
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• Production of Super-Sized Nuclear Warheads: This goal suggests an intention 
to develop warheads with significantly greater yield and destructive capacity. 

• Development of Smaller and Lighter Nuclear Weapons: These weapons are 
intended for more tactical uses, potentially altering the strategic calculus in 
regional conflicts. 

• Enhancement of Precision in Nuclear Strikes: North Korea aims to achieve the 
capability to strike strategic targets up to 15,000 kilometers away with high 
precision. 

• Introduction of Hypersonic Gliding Flight Warheads: This technology would 
complicate missile defense efforts due to the high speeds and maneuverability of 
hypersonic weapons. 

• Advancement of Solid-Fuel Propulsion: The focus on solid-fuel engines could 
lead to more mobile and thus less detectable missile systems. 

• Development of Nuclear-Powered Submarines: Such capabilities would 
enhance the survivability of North Korea’s nuclear forces by providing a second-
strike capability. 

These goals were set within the framework of a proposed five-year plan, indicating a 
structured approach to expanding and modernizing the nuclear arsenal. 

North Korea’s Nuclear Doctrine and Policy Statements 
Over the years, North Korea has articulated its nuclear doctrine through various official 
statements, underscoring its approach to nuclear deterrence. Key aspects of this 
doctrine include: 

• Tactical Use of Nuclear Weapons: Similar to strategies outlined by countries like 
Pakistan, North Korea emphasizes the tactical use of nuclear weapons early in a 
conflict to deter or repel a superior conventional force. 

• Pre-delegation of Launch Authority: There are indications that North Korea 
might consider pre-delegating nuclear launch authority to lower levels of 
command, although the exact structure of command and control remains 
unclear. 

• No-First-Use Policy: Officially, North Korea maintains a no-first-use policy, 
stating that it would not initiate nuclear hostilities. However, this stance is 
nuanced by caveats that allow for nuclear responses if the sovereignty of the state 
is threatened. 
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The trajectory of North Korea's nuclear development presents a complex challenge for 
global security. As the regime continues to enhance its nuclear capabilities and refine its 
strategic goals, the international community remains vigilant, seeking strategies to 
mitigate risks and engage with North Korea on a diplomatic level. Understanding the 
nuances of North Korea’s nuclear strategy and capabilities is crucial for developing 
informed responses that uphold regional and global stability. 

Fissile Material and Warhead Estimates 
North Korea's nuclear capabilities are not just based on the missiles it develops or the 
tests it conducts; a crucial component of its nuclear program is the production and 
management of fissile materials, primarily plutonium and uranium. The developments at 
various nuclear sites, particularly at Yongbyon, shed light on the potential growth and 
sophistication of its nuclear arsenal. 

Plutonium Production at Yongbyon 
At the heart of North Korea's plutonium production is its 5-megawatt-electric (MWe) 
graphite-moderated nuclear reactor, located at the Yongbyon Nuclear Scientific 
Research Center in North Pyongan province. This reactor has been a critical site for North 
Korea’s nuclear program, capable of producing plutonium, one of the key materials 
needed for nuclear weapons. 

Operational Status and Recent Activities 
Between December 2018 and July 2021, the Yongbyon reactor showed no signs of 
operational activity. However, in July 2021, the International Atomic Energy Agency (IAEA) 
observed signs that suggested the reactor might have been restarted. These signs 
included the intermittent discharge of cooling water and the emergence of steam plumes 
from the reactor’s hall, which are consistent with the operation of the reactor. As of May 
2022, satellite imagery analysis supports the likelihood that the 5 MWe reactor remains 
operational (Makowsky, Heinonen, and Liu 2022a). 

Reprocessing Activities 
In its 2021 annual report, the IAEA discussed the operation of Yongbyon’s thermal plant, 
which provides steam to the radiochemical laboratory used for plutonium reprocessing. 
The plant operated for about five months from mid-February 2021 to early July 2021, a 
period consistent with the time required to reprocess a complete core of irradiated fuel. 
Although a United Nations Panel of Experts report in March 2022 mentioned that 
reprocessing might have occurred, this has not been independently verified (United 
Nations 2022). 
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Experimental Light Water Reactor 
North Korea has also been constructing an experimental light water reactor at Yongbyon. 
Throughout 2020 and 2021, the IAEA reported possible infrastructure tests of the 
reactor’s cooling system. While this reactor is purportedly for civilian electricity 
production, it has a latent capacity to produce weapons-grade plutonium or tritium, 
which could be used in nuclear weapons (International Atomic Energy Agency 2021). 

Recent construction updates in 2021 and 2022 included new buildings like a cooling 
water pump house and electric switchyards, indicating ongoing development at the 
reactor complex (Makowsky, Heinonen, and Liu 2022a). 

The Dormant 50 MWe Reactor 
Significant attention has been drawn to the long-dormant 50 MWe reactor, which had 
been inactive since 1994. In May 2022, there were indications of resumed construction 
at this site, with efforts to connect the reactor’s secondary cooling loop to a pump house. 
If completed, this reactor could produce approximately 55 kilograms of plutonium per 
year, enough to potentially manufacture about a dozen new nuclear weapons annually, 
depending on the warhead design (Lewis, Pollack, and Schmerler 2022). 

Plutonium Stockpile Estimates 
Siegfried Hecker, former director of the Los Alamos National Laboratory, estimated in 
April 2021 that North Korea might have a plutonium inventory of 25 to 48 kilograms. At full 
operation, North Korea could produce up to six kilograms of plutonium per year (38 North 
2021). 

The ongoing activities and developments in North Korea's nuclear facilities, particularly 
at Yongbyon, highlight the continued focus and strategic expansion of its nuclear arsenal. 
While the international community remains concerned about the opaque nature of these 
programs, the evidence from satellite imagery and IAEA reports provides a glimpse into 
the scale and potential trajectory of North Korea’s nuclear capabilities. These 
developments not only underscore the technical advancements in North Korea’s nuclear 
program but also reflect the complex challenge they pose to regional and global security. 
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Uranium Enrichment: Assessing North Korea's 
Capabilities 
Uranium enrichment represents a significant facet of North Korea's nuclear capabilities, 
complementing its plutonium production efforts. The assessment of uranium 
enrichment activities is notably challenging due to the smaller and less detectable nature 
of these facilities compared to those involved in plutonium production. 

Uranium Production and Enrichment Facilities 

Nam-chon Chemical Complex 
At the Nam-chon Chemical Complex in Pyongsan, North Korea processes yellowcake, a 
type of uranium concentrate powder. This material is a critical precursor in the 
production of enriched uranium, which can be used as reactor fuel or further enriched 
for use in nuclear weapons. 

Yongbyon Nuclear Fuel Rod Fabrication Plant 
North Korea has publicly acknowledged the existence of its uranium enrichment facility 
at the Yongbyon Nuclear Fuel Rod Fabrication Plant. This facility houses approximately 
4,000 centrifuges and was actively operational throughout 2021, as evidenced by 
satellite imagery showing consistent steam plumes and the presence of a liquid nitrogen 
tank trailer, which is typically used in the uranium enrichment process. In September 
2021, analysis from the James Martin Center for Nonproliferation Studies indicated an 
expansion of the facility, potentially to accommodate an additional 1,000 centrifuges, 
increasing the plant’s capacity by 25 percent (Lewis, Pollack, and Schmerler 2021). 

Covert Enrichment Facilities 

The Kangson Site 
The existence of at least one additional centrifuge facility outside the known Yongbyon 
complex has been a topic of considerable speculation. In May 2018, a Washington Post 
report highlighted a potential covert uranium enrichment site at Kangson, near 
Pyongyang. This was followed by further analysis identifying a specific complex in 
Kangson as the likely location of this centrifuge facility. However, the exact nature and 
role of the Kangson site in North Korea's uranium enrichment program remain subjects 
of debate among experts. 

In September 2020, the IAEA noted that if Kangson is indeed a centrifuge enrichment 
facility, this would align with the agency's assessed development timeline of North 
Korea’s uranium enrichment program. Recent independent analyses have suggested that 
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Kangson might be used for manufacturing components for centrifuges rather than for 
enrichment itself. In 2022, the United Nations Panel of Experts referred to Kangson as a 
“suspected clandestine uranium enrichment facility” and observed ongoing 
construction and vehicular activities at the site since July 2021 (United Nations 2022). 

Highly-Enriched Uranium Estimates 
Estimating the amount of highly-enriched uranium (HEU) produced by North Korea is 
fraught with uncertainties due to the secretive nature of its nuclear program. In early 
2021, Siegfried Hecker estimated that North Korea might have produced between 600 
and 950 kilograms of HEU by the end of 2020. Other assessments vary, with the 
Stockholm International Peace Research Institute suggesting a possible range of 230 to 
1,180 kilograms of HEU by early 2021, and the International Panel on Fissile Materials 
estimating between 400 and 1,000 kilograms in 2022. 

Implications of Uranium Enrichment 
The expansion of North Korea’s uranium enrichment capabilities, particularly through 
covert facilities, highlights the dual-use nature of nuclear technology and the challenges 
in monitoring and verifying such activities. The ability to enrich uranium significantly 
enhances North Korea's potential to produce nuclear weapons independently of its 
plutonium-based weapons program, complicating international efforts to denuclearize 
the Korean Peninsula. 
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Warhead Estimates: Assessing North Korea's Nuclear 
Arsenal 

Challenges in Estimating Warhead Counts 
Estimating the number of nuclear weapons that North Korea possesses is a complex task 
that cannot be solely determined by the amount of fissile material it has produced. The 
number of nuclear weapons North Korea can build from its fissile material reserves 
depends significantly on the design of the weapons and the types of delivery systems 
available. 

Warhead Design Variability 
North Korea's nuclear strategy may include a mix of higher-yield thermonuclear weapons 
and lower-yield fission or boosted fission weapons. The 2017 test indicated the 
possibility of an advanced thermonuclear weapon design, which would require more 
fissile material or specialized hydrogen fuel. Conversely, simpler, lower-yield fission 
weapons would consume less material. This variability leads to differing assessments of 
the total number of weapons North Korea could potentially assemble. 

Current Warhead Estimates 
Estimates vary widely regarding the actual number of nuclear weapons North Korea has 
constructed: 

• A 2020 assessment suggested that if North Korea dedicated its fissile material to 
producing high-yield thermonuclear weapons, it might only have between 10 and 
20 such devices (Fedchenko and Kelley 2020). 

• Conversely, if the focus was on lower-yield fission weapons, the number could be 
around 40, with only a few being thermonuclear bombs (Hecker 2020; 38 North 
2021). 

Based on publicly available data, it is estimated that North Korea has produced enough 
fissile material for 45 to 55 nuclear weapons but has likely assembled fewer—around 20 
to 30. These are primarily believed to be single-stage fission weapons, with yields similar 
to those tested in 2013 and 2016, and only a few being thermonuclear warheads. 

Comparative Estimates 
This estimation aligns with various reports: 

• A July 2020 report by the US Army estimated that North Korea's nuclear arsenal 
could be anywhere from 20 to 60 bombs, with the capability to produce six new 
devices annually (US Department of the Army 2020). 
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• In October 2018, South Korea’s then-Unification Minister reported an intelligence 
assessment that estimated the arsenal at 20 to 60 weapons (Kim 2018). 

Future Projections 
Projections for the future number of North Korean nuclear weapons vary significantly: 

• A 2021 study projected that North Korea could have between 67 and 116 nuclear 
weapons already, with potential growth to 151 to 242 weapons by 2027 (Bennett 
et al. 2021). However, this estimate was considered overly inflated by some 
analysts (38 North 2021). 

• It appears more reasonable to suggest that North Korea could add enough fissile 
material annually for a few to half a dozen new warheads, potentially reaching a 
total of 80 to 90 weapons by the end of the decade. 

The wide range of estimates and projections underscores the significant uncertainties 
involved in assessing North Korea's nuclear capabilities. Factors such as warhead 
design, fissile material usage, and technical advancements play critical roles in these 
assessments. The secretive nature of North Korea's nuclear program only adds to the 
challenges of accurate estimation. 
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The Persistent Enigma: Assessing North Korea's Nuclear 
Capabilities and Milestones 
North Korea’s nuclear ambitions have been a focal point of international concern for 
decades. With a history of six nuclear tests, including devices with varying yields, the 
nation has demonstrated a resolute intent to develop and enhance its nuclear 
capabilities. This article delves into the intricate details of North Korea's nuclear testing 
and warhead capabilities, milestones, and the global assessments that paint a complex 
picture of threat and technological prowess. 

Nuclear Testing and Warhead Capabilities 
North Korea's journey into nuclear armament is marked by significant milestones that 
reveal both its capabilities and ambitions. Since its first declared nuclear test in 2006, 
North Korea has conducted a series of tests, each varying in yield and technical 
sophistication, signaling its advancement in nuclear technology. 

The Initial Tests 
The first nuclear test on October 9, 2006, was a modest one, yielding less than one 
kiloton. This test was widely regarded as a failure or a "fizzle." However, it marked North 
Korea's emergence as a nuclear-capable state, despite the limited success of the 
detonation. The U.S. intelligence community later assessed that the yield was well below 
those of other nations' first tests, indicating a nascent stage in nuclear development. 

The second test, conducted on May 25, 2009, displayed a slightly improved capability 
with a yield of a few kilotons. This test suggested that North Korea was progressing 
towards more reliable nuclear weapons, albeit still limited in their destructive capacity. 

Advancements and Escalation 
A significant shift occurred with the third nuclear test on February 12, 2013. The yield was 
estimated to be around 10 kilotons, a considerable increase from previous tests. This 
event prompted speculation about North Korea's ability to miniaturize nuclear warheads 
for ballistic missile delivery. However, assessments remained divided, with some experts 
suggesting potential miniaturization, while others deemed it premature. 

Further tests in January and September 2016 reinforced the notion that North Korea was 
advancing its nuclear technology. The September test, in particular, yielded between 10 
to 15 kilotons, underscoring a more robust thermonuclear capability. Speculations arose 
about the possible use of tritium to boost the efficiency of the device, allowing for greater 
yields with less fissile material. 
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The Pinnacle of Testing: The Claim of a Thermonuclear Weapon 
The test on September 3, 2017, was North Korea's most powerful to date, with estimates 
suggesting a yield exceeding 100 kilotons, potentially reaching up to 250 kilotons 
according to some sources. This test was a clear demonstration of a thermonuclear 
capability or a sophisticated composite design. It marked a significant technological 
leap, confirming fears of North Korea's potential to produce high-yield nuclear weapons. 

Milestones and Global Assessments 

Early Development and External Influences 
North Korea's nuclear program accelerated in the late 1990s, reportedly influenced by 
interactions with Pakistani nuclear scientist Abdul Qadeer Khan. Khan's visit to a North 
Korean facility around 1999 highlighted the existence of plutonium devices, which later 
contributed to North Korea's nuclear tests. 

International Concerns and Assessments 
Throughout the early 2000s, various global leaders and intelligence agencies expressed 
concerns over North Korea's nuclear capabilities. In 2002, Colin Powell, then U.S. 
Secretary of State, acknowledged that North Korea possessed nuclear weapons. This 
was followed by North Korea's own declaration in 2005 that it had manufactured nuclear 
weapons for self-defense. 

Despite these declarations, there remained a significant ambiguity over the reliability and 
delivery capabilities of these weapons. Assessments varied, with some sources 
suggesting that North Korea had achieved miniaturization and others cautioning against 
overestimation of its capabilities. 

Diverging Views and Strategic Ambiguities 
The U.S. Defense Intelligence Agency's 2013 assessment sparked debate by suggesting 
that North Korea could deliver nuclear weapons via ballistic missiles, though this was not 
unanimously agreed upon within the U.S. intelligence community. Subsequent 
statements by U.S. military officials reflected a cautious approach, emphasizing the lack 
of testing and proven capability regarding long-range nuclear delivery systems. 

Ongoing Uncertainties and Global Implications 
Despite the advancements demonstrated through nuclear tests, significant 
uncertainties persist about the practical deployment of these capabilities. The ability to 
mount a nuclear warhead on a long-range missile, successfully re-enter the Earth's 
atmosphere, and detonate as intended remains unproven and speculative. 
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The international community continues to monitor North Korea's nuclear developments 
closely, with each test adding layers to the understanding of its capabilities and 
intentions. The implications of North Korea's nuclear ambitions extend far beyond 
regional security issues, influencing global non-proliferation efforts and strategic military 
considerations. 

Latest Nuclear Testing Activities at Punggye-ri 

Reactivation of the Punggye-ri Test Site 
North Korea's Punggye-ri test site, located in North Hamgyong province, has been the 
epicenter of all its nuclear tests. The site, which features a complex network of tunnels 
within a large mountainous area, was partially dismantled in May 2018 as part of a 
confidence-building measure ahead of a high-profile summit between North Korean 
leader Kim Jong-un and U.S. President Donald Trump. The destruction included the 
collapsing of three tunnel entrances and several buildings, signaling a temporary halt to 
nuclear testing activities. 

However, this site has not been fully decommissioned, and its infrastructure allows for 
potential reconstitution. In early 2022, new activities were detected via satellite imagery, 
indicating significant construction efforts at the site. Between March and June 2022, 
these images revealed the erection of new buildings, renovations of existing structures, 
the movement of materials such as lumber and equipment, and the creation of a new 
portal into the mountain (Makowsky, Heinonen, and Liu 2022b; Bermudez, Cha, and Jun 
2022; Lewis and Schmerler 2022). These developments suggest that North Korea might 
be gearing up for future nuclear tests, with both U.S. and South Korean officials 
anticipating a seventh test imminently (Kang 2022; BBC 2022). 

In June 2022, the UN Panel of Experts reported that North Korea had conducted tests of 
"nuclear triggering devices," though the specific locations and dates of these tests 
remained unverified. The panel's report highlighted assessments from two member 
states suggesting that preparations for these nuclear tests were in their final stages, 
underscoring a continuous advancement in North Korea's nuclear capabilities (Lederer 
2022). 
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Land-based Ballistic Missiles and Delivery Systems 

Diverse Missile Arsenal 
Over the last decade, North Korea has significantly expanded its missile program, 
developing a diverse array of ballistic missiles that cover all major range categories. This 
expansion includes short-range, medium-range, and intercontinental ballistic missiles 
(ICBMs), though the operational status and nuclear capability of these missiles remain 
subjects of international scrutiny and uncertainty. 

The operational readiness of North Korea's missile forces is a critical element of its 
strategic military capabilities. According to the Pentagon's 2019 Missile Defense Review, 
none of the modern longer-range missiles had been fully operationalized at that time (US 
Defense Department 2019). Despite this, North Korea has escalated its missile testing 
frequency dramatically, with the UN Panel of Experts reporting 31 missile tests by August 
2022—a significant increase from previous years (Lederer 2022). 

Analysis of Missile Capabilities 
Given the secretive nature of North Korea's missile program, much of what is known 
about these weapons comes from public displays, test launches, and satellite imagery. 
Researchers like Joseph Bermudez Jr. and Victor Cha have contributed extensively to the 
public understanding of North Korea's missile capabilities through their work on the 
Beyond Parallel website (Beyond Parallel 2022). This research provides valuable insights 
into the deployment, testing, and potential strategic purposes of various missile types. 

While North Korea has a broad arsenal, the nuclear mission capability of each missile 
type is not definitively known. Analysts and international observers can only hypothesize 
which missiles are likely designated for nuclear roles based on their range, payload 
capacity, and testing history. This ongoing analysis is crucial for assessing the threat level 
posed by North Korea's missile program and understanding the potential nuclear reach 
of its arsenal. 

Implications of Recent Developments 
The reactivation of the Punggye-ri site and the increased missile testing activity represent 
a significant escalation in North Korea's nuclear and missile programs. These 
developments have heightened concerns among international observers and 
policymakers regarding the stability of regional security and the challenges of nuclear 
proliferation. 

North Korea's continued advancement in both nuclear and missile technologies 
underscores the complex challenge facing the international community in addressing the 
security risks associated with proliferation. While diplomatic efforts have sought to curb 
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these activities, the tangible progress in North Korea's capabilities suggests a persistent 
commitment to enhancing its strategic military assets. 

As the situation continues to evolve, the international community remains vigilant, 
closely monitoring North Korea's actions and strategizing responses to mitigate the risks 
posed by its nuclear and missile advancements. The ongoing developments at the 
Punggye-ri test site and the expansion of missile testing activities are critical factors that 
will influence future diplomatic and security dynamics in the region. 
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The Evolution and Implications of North Korea's Short-
Range Ballistic Missile Program 
North Korea's arsenal of short-range ballistic missiles (SRBMs) constitutes a critical 
component of its military capabilities, reflecting both an advanced technological 
prowess and a strategic deterrence philosophy. This detailed analysis explores the variety 
of SRBMs deployed by North Korea, their developmental history, tactical nuclear 
capabilities, and the implications for regional security dynamics. 

Development and Characteristics of North Korea's SRBMs 
North Korea's missile program includes several types of SRBMs, which, while part of the 
same missile "family," exhibit unique designs and characteristics. A notable moment in 
the program's history was a May 2021 speech by Kim Jong-un, wherein he revealed the 
development of "tactical nuclear weapons including new-type tactical rockets." Kim 
emphasized the need to enhance technology to make nuclear weapons more compact 
and lighter, suitable for tactical uses in modern warfare. This development marks a 
significant shift towards the operational use of tactical nuclear weapons, designed to 
meet specific military objectives and target profiles ("North Korean Ministry of Foreign 
Affairs, 2021"). 

Among the diverse array of missiles, the Toksa (KN02) missile stands out. This solid-
fueled ballistic missile, which has a maximum range of 120 kilometers (75 miles), and 
potentially an extended range of 170 kilometers (106 miles), is modeled after the Russian 
Tochka (SS-21 Scarab) missile, known for its dual-capable (conventional and nuclear) 
potential. However, there is no credible public evidence of North Korea having equipped 
the Toksa with nuclear capabilities (E. Kim, 2014). 

Moreover, North Korea possesses liquid-fueled missiles like the Hwasong-5 and 
Hwasong-6, based on the Soviet Scud B and Scud C missiles. These missiles have ranges 
of 300 and 500 kilometers (186 and 311 miles) respectively. It is estimated that North 
Korea maintains fewer than 100 launchers for these missiles (National Air and Space 
Intelligence Center, 2020). 

Modernization Efforts 
Recent years have seen North Korea focus on modernizing its missile arsenal. The 
modernized Hwasong-5, now designated KN21, and the Hwasong-6, designated KN18, 
have been equipped with maneuverable re-entry vehicles. These enhancements are 
designed to evade missile defense systems like the Terminal High Altitude Area Defense 
(THAAD) deployed by the United States in South Korea. The KN21 was tested three times 
in August 2017, with one failure, while the KN18 saw a successful flight test in November 
2017 (James Martin Center for Nonproliferation Studies, 2022). 
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The Emergence of Indigenous Solid-Fueled SRBMs 
A notable advancement in North Korea's missile technology is the development of a new 
series of solid-fueled SRBMs, known as KN23, KN24, and KN25. These missiles have 
been tested over 40 times since early 2019 and show similarities to other well-known 
missile systems such as the American ATACMS, South Korean Hyunmoo-2B, and Russian 
Iskander SRBMs. Despite their potential to carry heavy warheads, these newer models 
are primarily anticipated to serve conventional roles, although the possibility of their 
adaptation for nuclear delivery remains open (Voice of Korea, 2021a). 

Tactical and Operational Innovations 
The tactical use of SRBMs has also evolved, with missiles like the KN23 capable of 
executing complex maneuvers in their terminal flight phases, complicating adversary 
missile tracking efforts. In an innovative move, September 2021 witnessed the launch of 
two KN23 missiles from a rail-mobile platform, a strategy aimed at enhancing the mobility 
and survivability of North Korea's missile force. This test led to the announcement of 
plans to expand the Railway Mobile Missile Regiment into a more formidable brigade 
(Voice of Korea, 2021b). 

Continuing this trajectory, in April 2022, Kim Jong-un oversaw the testing of a "new-type 
tactical guided weapon," explicitly linked to North Korea's nuclear strategy. This system 
was touted as enhancing the tactical nuclear operation capabilities of the country (Voice 
of Korea, 2022b). 

Implications for Regional Security 
The sophisticated testing program and the expansion of tactical nuclear capabilities 
signify a significant evolution in North Korea's military strategy. These developments pose 
considerable challenges for regional security, as they complicate the strategic calculus 
for both the United States and its allies in the region. The rapid deployment and 
unpredictable launch patterns, exemplified by the June 2022 test where North Korea fired 
eight SRBMs in less than an hour, underscore the growing prowess and confidence of 
North Korea's missile forces (Yonhap News Agency, 2022a). 
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Medium-Range Ballistic Missiles of North Korea: A 
Strategic Overview 
Continuing with North Korea's diverse missile arsenal, the medium-range ballistic 
missiles (MRBMs) represent a crucial segment of their strategic military capabilities, 
largely due to their potential nuclear deliverability and the inherent threat they pose to 
regional stability. 

The Hwasong-9 (Scud-ER) 
One of the prominent MRBMs in North Korea's inventory is the Hwasong-9, also known 
as Scud-ER. This missile is a single-stage, liquid-fueled, road-mobile medium-range 
ballistic missile. It is launched from a four-axle transporter erector launcher, similar to 
those used with the Scud B and Scud C missiles. Despite some sources classifying the 
Scud-ER as a short-range missile, its performance in a triple test launch on September 5, 
2016, demonstrated a range of 1,000 kilometers (621 miles), qualifying it as a medium-
range missile according to the criteria used by the National Air and Space Intelligence 
Center (National Air and Space Intelligence Center, 2020). 

The Hwasong-7 (Nodong/Rodong) 
Another critical MRBM is the Hwasong-7, also known as Nodong or Rodong. This missile, 
carried on a five-axle road-mobile transporter erector launcher, was first test-flown in 
1993 and exists in two versions (Mod 1 and Mod 2). It boasts an estimated range 
exceeding 1,200 kilometers (746 miles). Intelligence estimates suggest that North Korea 
deploys fewer than 100 Hwasong-7 launchers. Originally intended to carry a first-
generation nuclear warhead, naval intelligence from the United States warned as early 
as 1994 that North Korea could likely arm the Nodong with a nuclear warhead by 2000 
(Bermudez, 1999; Pinkston, 2008). Due to its relatively poor accuracy compared to more 
modern missiles, the Nodong's conventional utility is limited, leading some analysts to 
consider it highly likely to possess an operational nuclear capability (Albright, 2013; 
James Martin Center for Nonproliferation Studies, 2006; Center for Strategic and 
International Studies, 2021). 

The Pukguksong-2 (KN15) 
The Pukguksong-2, sometimes referred to as Polaris-2, represents North Korea's first 
foray into solid-fuel, land-based medium-range ballistic missile technology. Launched 
from a canister on a road-mobile caterpillar-type transporter erector launcher, the 
missile was first tested in 2017. It appears to be a modification of the submarine-
launched Pukguksong-1. The first two flight tests in 2017 demonstrated a range of up to 
1,200 kilometers (746 miles), aligning with the estimates from the National Air and Space 
Intelligence Center for medium-range capabilities. Solid-fueled missiles like the 
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Pukguksong-2 require less logistical support and are quicker to prepare for launch 
compared to liquid-fueled counterparts, offering strategic advantages in rapid response 
scenarios (Wright, 2017). 

The Hwasong-8 and Advances in Missile Technology 
The Hwasong-8, a newer addition to the MRBM category, was first revealed in 2021. This 
missile features a modified Hwasong-12 booster and can carry multiple different 
payloads, including a hypersonic glide vehicle (HGV) and a maneuverable re-entry 
vehicle (MaRV). The HGV variant was tested in September 2021, while the MaRV variant 
underwent testing twice in February 2022. During one of these tests, the missile 
reportedly executed a "corkscrew" maneuver, prompting the US Federal Aviation 
Administration to temporarily halt commercial airline departures along the west coast for 
approximately 15 minutes due to safety concerns (Liebermann, Muntean, and Starr, 
2022). This missile was also showcased at North Korea’s “Self-Defence 2021” exhibition, 
indicating its significance within the regime's strategic arsenal (Chongnyon, 2022). 

Fuel Ampoule Technology 
A significant innovation in the Hwasong-8's development is the use of a "fuel ampoule," 
which allows pre-fueled liquid-fueled missiles to be stored in temperature-controlled 
canisters, facilitating faster launches. This advancement is part of a broader plan by 
North Korea to convert all its liquid-fueled missiles to this new, more rapid deployment 
system (DPRK Today, 2021; Xu, 2021). 

Overall, the development and operationalization of North Korea's medium-range ballistic 
missiles underscore the country's commitment to enhancing its military capabilities and 
strategic deterrence. These missiles not only pose a significant threat to regional security 
but also complicate the strategic calculus for North Korea's adversaries, influencing 
defense planning and international diplomatic engagements across the region. 
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Intermediate-Range Ballistic Missiles in North Korea's 
Strategic Arsenal 
The intermediate-range ballistic missile (IRBM) segment of North Korea's missile program 
includes significant developments that further complicate the security landscape of East 
Asia and beyond. Among these, the Hwasong-10 and Hwasong-12 have been central to 
North Korea's efforts to enhance its missile technology and expand its reach beyond its 
immediate neighbors. 

The Hwasong-10 (Musudan) 
The Hwasong-10, often referred to as Musudan or by its designation BM-25, is a single-
stage, liquid-fuel missile launched from a six-axle transporter erector launcher. This 
missile has an estimated range exceeding 3,000 kilometers (1,864 miles), positioning it 
as a significant strategic tool capable of reaching targets well beyond the Korean 
Peninsula. Despite its potential, the Hwasong-10 program has been plagued by reliability 
issues, with several test failures reported in 2016, raising questions about its operational 
viability (James Martin Center for Nonproliferation Studies, 2022). By 2020, the National 
Air and Space Intelligence Center estimated that North Korea possessed fewer than 50 
Hwasong-10 launchers, indicating a limited deployment (National Air and Space 
Intelligence Center, 2020). The continual challenges faced by the Hwasong-10 program 
have led to speculation that it may have been superseded by the more advanced 
Hwasong-12 as the primary IRBM in North Korea's arsenal. 

The Hwasong-12 (KN17) 
The Hwasong-12 represents a significant step forward in North Korea's missile 
technology. This single-stage, liquid-fuel missile is transported on an eight-axle road-
mobile launcher with a detachable firing table, enhancing its mobility and operational 
flexibility. After initial failures, the missile achieved a successful test launch on a highly 
lofted trajectory on May 14, 2017. This test demonstrated that the Hwasong-12 could 
potentially cover approximately 4,500 kilometers (2,796 miles) if flown on a standard 
trajectory, significantly exceeding the earlier estimates of its range (Wright, 2017b). 

Following this, a test on August 28 overflew Japan and crashed into the western Pacific 
after traveling around 2,700 kilometers (1,678 miles) from its launch site. Another test on 
September 14 showed even greater capability, with the missile traveling approximately 
3,700 kilometers (2,299 miles) (Panda, 2017c; Wright, 2017f). These tests not only 
confirmed the Hwasong-12's extended range but also demonstrated North Korea's ability 
to target areas well beyond the immediate region, including U.S. military bases in Guam, 
which could be within reach. 
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In a notable development, North Korea resumed testing of the Hwasong-12 in January 
2022 after nearly five years, following a similar trajectory to its earlier launches (Japanese 
Ministry of Defence, 2022a). This launch was part of North Korea's ongoing efforts to 
refine its missile capabilities and to perhaps signal its sustained commitment to 
advancing its military technology despite international sanctions and diplomatic 
pressures. 

The advancements in North Korea's IRBM capabilities, particularly with the 
operationalization and testing of the Hwasong-12, represent a significant escalation in 
the regional and global missile threat posed by Pyongyang. These developments 
necessitate continued vigilance and strategic planning by the international community, 
particularly by countries within the potential reach of these missile systems. 
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The Ascension of North Korea's ICBM Program: A 
Comprehensive Analysis 
North Korea's intercontinental ballistic missile (ICBM) program has marked a significant 
evolution in the country's military capabilities, manifesting a strategic shift that poses 
considerable implications for global security.  

This detailed analysis delves into the development, testing, and potential operational 
status of North Korea's ICBM arsenal, focusing on the most notable missiles such as the 
Taepo Dong-2, Hwasong-13, Hwasong-14, Hwasong-15, and the more recent Hwasong-
17. 

Taepo Dong-2: The Genesis of ICBM Ambitions 
The Taepo Dong-2 represents an early step in North Korea's long-range missile efforts. 
Originating as a derivative of the Unha-3 space-launch vehicle, which notably placed a 
satellite into an unstable orbit in 2016, the Taepo Dong-2 is a three-stage, liquid-fuel 
missile.  

However, despite its initial promise, the National Air and Space Intelligence Center 
(NASIC) in their 2020 report categorized it merely as a "space launch vehicle," not an 
operational military system. The lack of a demonstrated functioning re-entry vehicle 
further relegates the Taepo Dong-2 to a lesser role within the broader ICBM program as 
North Korea pivots towards more advanced systems. 

Hwasong-13: The Elusive KN08 
First unveiled during a military parade in 2012, the Hwasong-13, also known as KN08, is 
a three-stage, liquid-fueled ICBM. It features an eight-axle transporter erector launcher 
(TEL) similar to that used for the later Hwasong-14.  

Despite initial assessments by the US Air Force Global Strike Command in 2013 
suggesting its potential deployment within five years, the Hwasong-13 has not undergone 
flight testing. The emergence of more sophisticated ICBMs has subsequently sidelined 
the Hwasong-13, casting doubts on its future role in North Korea's strategic arsenal. 

Breakthrough with Hwasong-14 
July 2017 marked a significant milestone with the first-ever test launches of the 
Hwasong-14 (KN20), a two-stage, liquid-fueled ICBM that shares its first stage with the 
intermediate-range Hwasong-12. Launched from an eight-axle road-mobile TEL, the 
Hwasong-14 demonstrated potential capabilities that could extend to striking the U.S. 
west coast.  
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The initial launch on July 4 reached an apogee of 950 kilometers, with assessments 
suggesting a possible range of 7,500 to 9,500 kilometers under normal trajectory 
conditions. However, a subsequent test on July 28 reached an apogee of 3,700 
kilometers, hinting at an even greater range exceeding 10,000 kilometers. Despite these 
developments, challenges related to re-entry vehicle performance and payload weight 
remain unresolved, casting uncertainty over the operational readiness of the Hwasong-
14. 

Hwasong-15: An Expanded Reach 
The Hwasong-15, first tested on November 29, 2017, further extended the potential reach 
of North Korea's ICBM capabilities. Launched from a nine-axle TEL, it achieved an apogee 
of nearly 4,500 kilometers, indicating a maximum potential range of around 13,000 
kilometers with a light payload, thereby bringing most of the United States within its 
potential strike zone.  

The Hwasong-15 was again featured in North Korea's military parade in October 2020, 
underscoring its ongoing relevance within the ICBM portfolio. 

The Advent of Hwasong-17 
The unveiling and subsequent test of the Hwasong-17 have signified yet another leap in 
North Korea's missile capabilities. First displayed in October 2020, this missile is 
significantly larger than its predecessors, with a diameter between 2.4 and 2.5 meters 
and a length of approximately 24 to 25 meters.  

Its first known test on March 24, 2022, demonstrated a remarkable apogee of nearly 6,200 
kilometers and a travel distance of 1,100 kilometers over 71 minutes, suggesting a 
potential range of about 15,000 kilometers. This test, however, was marred by suspicions 
of a prior failed attempt, leading to questions about the reliability and true capabilities of 
the Hwasong-17. 

Indigenization of Missile Technology 
A pivotal aspect of North Korea's missile development strategy has been its emphasis on 
indigenously producing missile technology, particularly TELs. Historically dependent on 
imported heavy launchers from countries like China, Russia, and Belarus, North Korea 
has faced significant challenges due to stringent international sanctions. 

 In response, Kim Jong-un's regime has focused on domestic production capabilities, as 
evidenced by visits to several factories associated with heavy-duty vehicle production. 
The display of a new eleven-axle TEL for the Hwasong-17 during the October 2020 parade 
suggests some success in these efforts, though the full extent of North Korea's capacity 
to mass-produce these launchers remains uncertain. 
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Strategic Implications and Concluding Thoughts 
Despite considerable advancements in its ICBM program, North Korea's journey towards 
a reliable, operational intercontinental ballistic missile capability is fraught with 
technical challenges and strategic uncertainties. Issues such as re-entry vehicle 
reliability, missile accuracy, and warhead miniaturization continue to impede the 
operational deployment of these systems. Moreover, the international community 
remains vigilant, with ongoing concerns about the potential escalation of tensions and 
the broader implications for regional and global security. 
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Expanding the Underwater Arsenal: North Korea's 
Submarine-Launched Ballistic Missiles 
North Korea's pursuit of submarine-launched ballistic missile (SLBM) technology 
represents a significant component of its broader strategic aims to diversify and 
strengthen its nuclear delivery capabilities. The development of the Pukguksong family of 
missiles, also known as "Polaris," underscores Pyongyang's intent to establish a viable 
second-strike capability, enhancing its deterrence posture. According to the National Air 
and Space Intelligence Center's 2020 report, none of North Korea's SLBMs had been 
deployed as of 2020, indicating ongoing developmental phases rather than operational 
readiness. 

The Early Pukguksong Series 

Pukguksong-1: The Initial Step 
The Pukguksong-1 (KN11), a two-stage, solid-fuel missile, marks the inception of North 
Korea's foray into SLBM technology. Designed for deployment from the Sinpo-class 
submarine, which is equipped with a single missile tube, the Pukguksong-1 underwent a 
series of test launches between 2015 and 2016. Out of six attempts, three were declared 
successful. This missile reportedly has a range exceeding 1,000 kilometers (621 miles), 
according to NASIC assessments, positioning it as a noteworthy advancement in North 
Korea's missile program despite its limited deployment capability. 

Pukguksong-3: Enhancing Range and Capabilities 
In a significant progression, October 2019 saw the test-launch of the Pukguksong-3, 
potentially capable of reaching between 1,900 and 2,500 kilometers (1,181 and 1,553 
miles). The development of the Pukguksong-3 was first hinted at during Kim Jong-un's 
2017 visit to a chemical materials institute, indicating a strategic continuation of the 
SLBM program. This missile represents a leap in capability, featuring advancements that 
could potentially increase its operational role within North Korea's strategic forces. 

The Next Generation: Pukguksong-4 and Pukguksong-5 

Pukguksong-4: A Step Towards Multiple Warhead Capability 
Revealed during the October 2020 military parade, the Pukguksong-4 appears to be an 
evolution in the SLBM series, with a design that suggests the potential for carrying 
multiple warheads or penetration aids. This solid-fuel, two-stage missile is not only wider 
but also slightly shorter than its predecessor, the Pukguksong-3. Despite its promising 
design, the Pukguksong-4 has yet to be flight-tested, leaving assessments of its 
capabilities largely speculative. 
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Pukguksong-5: Increasing Range and Payload 
Further expanding the series, the Pukguksong-5 was showcased at the January 2021 
military parade. Similar in length to the Pukguksong-3 but with a more elongated shroud, 
it potentially offers greater range and payload capacity. Like the Pukguksong-4, the 
Pukguksong-5 has not undergone flight testing, making its operational capabilities and 
enhancements over previous models a subject of conjecture. 

Recent Developments and Emerging Capabilities 

A New Addition to the Pukguksong Family 
April 2022 brought another reveal in the form of an unnamed, likely sixth member of the 
Pukguksong family. Displayed during a military parade, this new missile is longer and 
wider than any of North Korea's previously shown SLBMs, suggesting a significant 
enhancement in range and payload capabilities. The absence of a formal name and flight 
test data keeps this missile shrouded in mystery but underscores the ongoing evolution 
of North Korea's SLBM technology. 

Development of a "New Type" of SLBM 
In addition to the main Pukguksong series, North Korea has been experimenting with a 
smaller SLBM, which shares characteristics with its newer short-range ballistic missile 
(SRBM) designs, such as the KN23. This missile was first showcased during the "Self-
Defence 2021" exhibition and was flight-tested shortly thereafter, achieving a range of 
nearly 600 kilometers (373 miles). The launch from the Gorae-class (Sinpo) experimental 
submarine, which supports only a single SLBM, was a demonstration of this missile's 
"flank mobility and gliding skip mobility," according to state media reports. 
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North Korea Escalates Missile Testing: A Deep Dive into 
the Submarine-Launched Cruise Missile Pulhwasal-3-
31 

A New Phase in North Korea’s Military Strategy 
In the dawn hours of Sunday, January 28, 2024, amid the watchful gaze of North Korean 
leader Kim Jong Un and a group of senior officials, North Korea conducted a test launch 
of its cutting-edge military technology— the submarine-launched cruise missile 
Pulhwasal-3-31. This event, reported by the state-run Korean Central News Agency 
(KCNA) on the following Monday, marks a significant step in North Korea’s ongoing 
military modernization aimed at bolstering its naval capabilities. The launch took place 
over the Sea of Japan, also known as the East Sea, and targeted a remote island, 
showcasing the missile’s precision and range capabilities. 

 

Image: The North Korean submarine-launched cruise missile Pulhwasal-3-31. KCNA 
Photo 

The Opaque Details of the Launch 

The exact details surrounding the launch remain shrouded in mystery. KCNA’s report did 
not specify the launch platform nor the location, aside from a brief mention of launch 

https://debuglies.com/wp-content/uploads/2024/04/The-North-Korean-submarine-launched-cruise-missile-Pulhwasal-3-31.-KCNA-Photo.jpg
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smoke obscuring the firing point. This has led to speculation among international 
observers and analysts about the operational status of the launch vehicle, believed to be 
the No. 841 Hero Kim Kun Ok — North Korea’s first operational tactical nuclear-attack 
submarine. Introduced in September of the previous year, this submarine, a modified 
Romeo-class vessel, is thought to be capable of launching both ballistic and cruise 
missiles. However, expert analysis remains divided regarding its full operational 
readiness and capabilities. 

Historical Context and International Implications 
This isn’t the first time North Korea has tested the Pulhwasal-3-31 missile. Earlier in the 
same week, initial tests were conducted from a surface platform into the sea. These 
actions highlight a nuanced approach to North Korea’s defiance of various United 
Nations resolutions, which ban ballistic missiles but not cruise missiles — the latter of 
which can also be equipped with nuclear warheads. 

The response from South Korea was measured, with the Joint Chiefs of Staff merely 
confirming the detection of several cruise missiles near Sinpo, a major hub for North 
Korea’s defense and submarine-building industries. The statement emphasized ongoing 
surveillance and coordination with U.S. forces, reflecting the regional tensions stirred by 
such military activities. 

Kim Jong Un’s Strategic Military Vision 
Further reports from KCNA revealed that Kim Jong Un expressed satisfaction with the 
missile tests, viewing them as essential for the protection of North Korea’s maritime 
sovereignty in light of current and future security challenges. The test was declared non-
threatening to neighboring countries and unrelated to the broader regional tensions. 
Following the successful launch, Kim Jong Un was briefed about ongoing projects, 
including the development of a nuclear-powered submarine, underscoring his 
commitment to expanding North Korea’s naval warfare capabilities. 

Parallel Naval Movements in the Region 
The regional military landscape during this period was also marked by the movements of 
Russian naval forces. The Russian cruiser RFS Varyag and destroyer RFS Marshal 
Shaposhnikov were observed navigating the Philippine Sea, having transited the East 
China Sea. These movements were closely monitored by Japan’s Maritime Self-Defense 
Force, indicating heightened military alertness in the region. Russian naval activities also 
included commemorative ceremonies and joint air-defense drills, reflecting a show of 
strength and cooperation within the Asia Pacific waters. 

Meanwhile, the United States Navy reported the redeployment of the cruiser USS 
Antietam from Yokosuka Naval Base to Pearl Harbor, Hawaii. This move is part of a 
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strategic realignment of U.S. naval forces in the Pacific, highlighting ongoing adjustments 
in response to regional security dynamics. 

The latest developments in North Korea’s missile program and the strategic maneuvers 
of neighboring naval forces paint a complex picture of the current military and security 
landscape in East Asia. North Korea’s advancements in submarine-launched missile 
technology, particularly the Pulhwasal-3-31, not only enhance its strategic deterrence 
capabilities but also complicate the regional security calculus. With the international 
community watching closely, the implications of these tests extend far beyond the 
Korean Peninsula, influencing geopolitical stability across the wider region. 

In conclusion, North Korea’s latest military drills serve as a reminder of the ongoing 
security challenges on the Korean Peninsula. Each missile launch and military exercise 
by North Korea not only enhances its own strategic capabilities but also influences the 
geopolitical dynamics of Northeast Asia. As regional powers and the international 
community continue to grapple with North Korea’s actions, the situation remains fraught 
with potential for further escalation, necessitating careful diplomatic and military 
responses to maintain stability and prevent conflict. 
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Expanding Strategic Reach: North Korea's Emerging 
Missile Capabilities 

Land-Attack Cruise Missiles (LACM) 

Development of the LACM 
In a significant development within North Korea's missile program, the country appears 
to be advancing its capabilities in the domain of land-attack cruise missiles (LACMs). 
These missiles have been described in ways that resonate with the characteristics 
typically associated with nuclear-capable systems. In September 2021, North Korea 
undertook two test launches of this newly developed cruise missile, achieving a notable 
range of 1,500 kilometers (932 miles). This marks the first instance of a missile in North 
Korea's arsenal being explicitly labeled as a “strategic weapon,” hinting at its possible role 
within the broader nuclear weapons program. 

Characteristics and Capabilities 
The test launches not only demonstrated the missile's significant range but also 
suggested enhanced capabilities, such as terminal guidance systems, that could 
potentially allow for precision strikes. The missile is reportedly capable of being launched 
from a transporter erector launcher (TEL) that can accommodate up to five missiles. This 
setup suggests an emphasis on mobility and readiness, enhancing North Korea's ability 
to deploy these systems rapidly in a conflict scenario. 

Implications of the LACM Development 
The strategic classification of this missile and its capabilities indicate that it might be 
dual-capable, able to carry either conventional or nuclear warheads. Kim Jong-un's claim 
that the missile's conventional warheads are “the most powerful in the world” adds an 
additional layer of ambiguity about its intended operational use. The development of 
such missiles, which are designed to fly at lower altitudes and follow maneuverable 
trajectories, represents a method for circumventing radar and missile defense systems, 
thereby providing North Korea with a new and unique capability to target regional 
adversaries effectively. 

Gravity Bombs and Coastal Defense Missiles 

The Question of Gravity Bombs 
While North Korea has demonstrated considerable advancements in its ballistic missile 
program, the development of nuclear warheads for gravity bombs remains uncertain. 
Typically, other nuclear-armed nations have developed nuclear bombs for aircraft 
delivery before advancing to missile-based warheads. However, North Korea has 
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predominantly focused on missile technology in its nuclear weapons development 
pathway. The potential for North Korea to have developed a crude gravity bomb for 
delivery by aircraft, such as the H-5 (Il-28) medium-range bomber, exists mainly as a 
theoretical possibility in strategic discussions, with no public evidence supporting such 
development. 

KN09 Coastal Defense Cruise Missile 
In 2013, the US Air Force Global Strike Command briefly listed a nuclear-capable coastal 
defense cruise missile, designated as KN09. However, this designation was removed in 
subsequent revisions of the briefing, leading to speculation about the actual status and 
capabilities of such a missile. The mention and subsequent removal of the KN09 from 
official documents contribute to the ambiguity surrounding North Korea's pursuit of 
various missile technologies and their integration into the country's strategic framework. 

North Korea's ongoing development of both land-attack cruise missiles and the 
exploration of other missile types underscores its intent to diversify its strategic arsenal. 
This approach not only enhances its offensive capabilities but also complicates the 
defensive strategies of its potential adversaries. The strategic ambiguity regarding the 
dual-capability of its new cruise missiles, coupled with unconfirmed reports of other 
missile systems, highlights the challenges in assessing and responding to North Korea's 
evolving military capabilities. 
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NORTH KOREA MISSILE FACILITIES 

Facility 

Date of 
First 
Test 

Date of 
Most 
Recent Test 

Numbe
r of 
Tests 

Latit
ude 

Longit
ude Location 

Tonghae Satellite 
Launching 
Ground 

09-apr-
84 05-apr-09 17 

40,84
9996

6 
129,6

66664 
Hwadae County, North 
Hamgyong Province 

Chihari Missile 
Base 

01-lug-
91 01-lug-91 1 

38,62
333 

126,6
847 

Chiha-ri , Kangwon 
Province, (North Korea) 

Chunghwa 
County 

30-dic-
22 26-mar-23 5 

38,87
5 

125,9
26 

Chunghwa County, North 
Hwanghae 

Jangyon 
13-mar-

23 13-mar-23 2 
38,27

5 
125,0

71 

Jangyon, Jangyon 
County, South Hwanghae 
Province 

Unknown 
26-lug-

14 17-dic-23 15 
Unkn
own 

Unkn
own Unknown 

Kittaeryong 
Missile Base 

05-lug-
06 25-ago-17 20 

38,99
083 

127,6
236 

Kittae Pass, Kangwon 
Province, (North Korea) 

Sohae Satellite 
Launching 
Station 

13-apr-
12 22-nov-23 14 

39,65
96 

124,7
057 

Cholsan County, North 
Pyongan Province 

Wonsan Kalma 
International 
Airport 

03-mar-
14 17-nov-22 14 

39,16
77 

127,4
817 

Kangwon Province, 
(North Korea) 

Sunchon Airbase 
26-mar-

14 31-ott-19 6 
39,41
2594 

125,8
9031 South Pyongan Province 

Hodo Peninsula 
18-mag-

13 28-mar-20 26 
39,40

167 
127,5

369 
Kangwon Province, 
(North Korea) 

Hwangju 
09-lug-

14 05-set-16 12 
38,68
6834 

125,7
02005 

Hwangju,  North 
Hwanghae province 

Kaesong 
13-lug-

14 13-lug-14 2 
37,93

82 
126,5

878 
North Hwanghae 
Province 

Nampo 
01-mar-

15 01-mar-15 2 
38,75

23 
125,3

247 South Pyongan Province 

Sinpo Shipyard 
08-mag-

15 07-mag-22 10 
40,03

68 
128,1

839 
South Hamgyong 
province 

Panghyon 
Airbase 

14-ott-
16 19-ott-16 2 

39,92
7472 

125,2
07889 Kusong, North Pyongan 

Kusong Testing 
Ground 

11-feb-
17 11-feb-17 1 

40,01
325 

125,2
2302 Kusong, North Pyongan 

Pukchang Airfield 
28-apr-

17 28-apr-17 1 
39,50
4417 

125,9
64333 South Pyongan Province 

Koksan 
03-nov-

22 03-nov-22 3 38,78 
126,6

7 
Koksan, North Hwanghae 
Province 

North Kusong 
Testing Ground 

14-mag-
17 14-mag-17 1 

40,06
59 

125,2
099 Kusong, North Pyongan 

Lake Yonpung 
21-mag-

17 21-mag-17 1 
39,61
8283 

125,8
03585

1 South Pyongan Province 
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Panghyon 
04-lug-

17 04-lug-17 1 
39,87
2153 

125,2
69192 Kusong, North Pyongan 

Mupyong-ni 
Arms Plant 

28-lug-
17 03-ott-22 6 

40,61
1208 

126,4
25743 

Mup'yong-ni, Chagang 
province 

Masikryong 
29-giu-

14 29-giu-14 2 
39,06
5962 

127,2
50257 

Kangwon Province, 
(North Korea) 

Munchon 
08-ott-

22 08-ott-22 2 
39,28

15 
127,3

77 
Munchon, Kangwong 
Province 

Lake Taesong 
09-mar-

23 09-mar-23 6 
38,90

7 
125,4

4 South Pyongan Province 
Pyongyang 
International 
Airport 

28-ago-
17 30-ago-23 22 

39,20
0159 

125,6
73256 Pyongyang, North Korea 

Pyongsong Field 
28-nov-

17 28-nov-17 1 
39,28

2 
125,8

69 
Pyongsong, South 
Pyongan Province 

Baegun 
09-mag-

19 09-mag-19 2 
40,02
9678 

125,2
27326 

North Pyongan, North 
Korea 

Kwail Airbase 
05-ago-

19 05-ago-19 2 
38,42
1522 

125,0
24421 

Kwail, Kwail-gun, South 
Hwanghae 

Hungnam 
09-ago-

19 16-apr-22 6 
39,81
1611 

127,6
6375 

Hamhung, South 
Hamgyong 

Tongchan 
15-ago-

19 28-ott-22 4 
38,95
3797 

127,8
91882 

Kangwon Province, 
(North Korea) 

Sondok Airbase 
23-ago-

19 24-mar-21 3 
39,74

37 
127,4

732 
Sondok, South 
Hamgyong Province 

Kaechon Air Base 
09-set-

19 02-nov-22 5 
39,75
2321 

125,8
99905 

Kaechon, South Pyongan 
Province 

Yonghung Bay 
01-ott-

19 01-ott-19 1 39,26 
127,5

8 
Kangwon Province, 
(North Korea) 

Yonpo Airport 
28-nov-

19 24-mar-21 3 
39,78

938 
127,5
3993 

Hamhung, South 
Hamgyong Province 

Samsok 
05-ott-

22 05-ott-22 2 
39,12

68 
125,9

579 
Samsok District, 
Pyongyang 

Samsok missile 
test site 

12-apr-
23 01-apr-24 4 

39,11
2 

125,9
98 

Samsok District, 
Pyongyang 

Samsok missile 
test site #2 

17-dic-
23 17-dic-23 1 

39,12
655 

125,9
6453 

Samsok District, 
Pyongyang 

Samsok missile 
test site #3 

17-mar-
24 17-mar-24 3 

39,10
5 

126,0
06 

Samsok District, 
Pyongyang 

Sangum-ri 
02-mar-

20 02-mar-20 2 
39,14

1 
127,6

16 

Anbyon County, 
Kangwon Province 
(North Korea) 

Sondok 
08-mar-

20 08-mar-20 3 
39,74

3 
127,4

99 
Sondok, South 
Hamgyong Province 

Sukchon 
09-nov-

22 19-feb-23 3 39,42 
125,6

3 
Sukchon, South Pyongan 
Province 

Sunan 
28-set-

22 22-nov-23 13 
39,20

299 
125,7
0926 

Sunan District, 
Pyongyang 

West Sunan 
30-set-

22 30-set-22 2 
39,39

42 
125,6

773 
Sunan District, 
Pyongyang 
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Sunchon 
20-mar-

20 29-set-22 4 
39,41

63 
125,8

907 North Pyongan Province 
Taechon 
Reservoir 

24-set-
22 24-set-22 1 

39,98
57 

125,5
186 

Taechon, North Pyongan 
Province 

Uiju 
14-gen-

22 01-nov-22 6 
40,02
5847 

124,5
77936 

Uiju County, North 
Pyongan Province 

Yangdok 
15-set-

21 15-set-21 2 
39,27
5721 

126,8
04867 

Yangdok, South Pyongan 
Province 

Overall 
09-apr-

84 01-apr-24 267    
 
This database exclusively encompasses all North Korean missiles with a minimum 
payload capacity of 500 kilograms (1102.31 pounds) and a range exceeding 300 
kilometers (186.4 miles), documenting advancements since April 1984 and designed for 
ongoing updates as new developments arise. 
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NORTH KOREA MISSILE – Count of Tests 
Count of Tests Column Labels       

Missile Types Failure Success Unknown 
Grand 
Total 

ER Scud 1 7   8 
Musudan 7 1   8 
Nodong 4 12   16 
Scud-B 3 7   10 
Scud-C   26 1 27 
Taepodong-1 1     1 
Unha 2     2 
Unha-3 1 2   3 
Unknown 6 17 32 55 
KN-02   20   20 
Hwasong-12 3 3 1 7 
Scud-C MaRV   1   1 
Hwasong-14   2   2 
Scud-B MaRV 1 2   3 
Hwasong-15   3   3 
KN-23   1   1 
KN-25 1 30   31 
Pukguksong-1 3 3   6 
Pukguksong-2   2   2 
Pukguksong-3   1   1 
Rail-mobile KN-23   4   4 
Hwasong-17 1 2   3 
New IRBM (2022)   1   1 
Silo-based KN-23   1   1 
Hwasong-11A (KN-23)   16   16 
Hwasong-11B (KN-24)   10   10 
Hwasong-11S (Navalized KN-23) 2   2 
Hwasong-11D   8   8 
Hwasong-18   3   3 
Hwasong-11C   4   4 
Chollima-1 2 1   3 
Hwasong-12A   1   1 
Hwasong-12A MARV?   2   2 
Hwasong-16A?   1   1 
Hwasong-16B   1   1 
Grand Total 36 197 34 267 

 
This database exclusively encompasses all North Korean missiles with a minimum 
payload capacity of 500 kilograms (1102.31 pounds) and a range exceeding 300 
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kilometers (186.4 miles), documenting advancements since April 1984 and designed for 
ongoing updates as new developments arise. 
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NORTH KOREA MISSILE – Count of Tests – Years 
Count of Tests Test Result    

Years Failure Success Unknown 
Grand 
Total 

1984 3 3  6 
1986   1 1 
1990 1 1  2 
1991  1  1 
1992 1   1 
1993  3 1 4 
1998 1   1 
2006 1 6  7 
2009 1 7  8 
2012 1 1  2 
2013  6  6 
2014  19  19 
2015 2 13  15 
2016 10 14  24 
2017 6 14 1 21 
2019 1 26  27 
2020  9  9 
2021  6  6 
2022 5 42 22 69 
2023 3 21 9 33 
2024  5  5 

Jan  1  1 
Mar  3  3 
Apr  1  1 

Grand Total 36 197 34 267 
 
This database exclusively encompasses all North Korean missiles with a minimum 
payload capacity of 500 kilograms (1102.31 pounds) and a range exceeding 300 
kilometers (186.4 miles), documenting advancements since April 1984 and designed for 
ongoing updates as new developments arise. 
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Table . North Korean missiles with potential nuclear 
capability, 2022* 

Designation Country 
Year First 
Displayed 

Range 
(km) Description and Status 

Hwasong-11 
KN02/Toksa 

North 
Korea 2004 

120–
170 

Single-stage, solid-fueled SRBMs 
launched from 6-axle wheeled TEL. 
Based on the Russian dual-capable SS-
21 Scarab, but no credible public 
evidence indicates a nuclear mission 
for North Korea’s Toksa. Operational. 

Hwasong-5, 
Hwasong-6 
Scud-B, Scud-C 

North 
Korea 

1984, 
1990 300/500 

Single-stage, liquid-fueled SRBMs 
launched from 4-axle wheeled TEL. 
NASIC estimated fewer than 100 
Hwasong-5 and −6 launchers in 2020. 
Operational. 

KN18, KN21 
North 
Korea 2017 250/450 

Hwasong-5 and −6 variants with 
separating maneuverable warhead. 
Flight-tested in May and Aug. 2017 from 
wheeled and tracked TELs. Status 
unknown; may have been superseded 
by newer solid-fueled SRBMs. 

Hwasong-
11Nad, KN23, 
KN24, KN25 

North 
Korea 

2018-
2019 

380–
800 

New generation of solid-fueled SRBMs 
resembling Russia’s Iskander-M, South 
Korea’s Hyunmoo-2B, and the United 
States’ ATACMS SRBMs. Successfully 
flight-tested dozens of times from 
wheeled, tracked, and rail-based 
launchers since 2019. Status unknown; 
probably operational. 

Hwasong-7 
Nodong/Rodong 

North 
Korea 1993 >1,200 

Single-stage, liquid-fueled MRBM 
launched from 5-axle wheeled TEL. 
NASIC estimated fewer than 100 
Hwasong-7 launchers in 2020. 
Operational. 
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Designation Country 
Year First 
Displayed 

Range 
(km) Description and Status 

Hwasong-9e 
KN04/Scud-ER 

North 
Korea 2016 1,000 

Single-stage, liquid-fueled Scud 
extended-range variant launched from 
4-axle wheeled TEL. Flight-tested in 
2016. Probably operational. 

Pukguksong-2 
KN15 

North 
Korea 2017 >1,000 

Two-stage, solid-fueled MRBM 
launched from tracked TEL. Land-
based version of Pukguksong-1 SLBM. 
Flight-tested in 2017. Probably 
operational. 

Hwasong-8, 
Unnamed 
“hypersonic 
missile” 

North 
Korea ? 2021 >1,000 

Two versions of HGV carried by a 
shortened Hwasong-12 booster. 
Hwasong-8 flight-tested in Sep. 2021 
with unknown result; unnamed missile 
successfully flight-tested twice in Jan. 
2022. Both systems displayed at 
exhibition in Oct. 2021. Under 
development. 

Hwasong-10 
BM-
25/Musudan 

North 
Korea 2010 >3,000 

Single-stage, liquid-fueled IRBM 
launched from 6-axle wheeled TEL. 
NASIC estimates fewer than 50 
Hwasong-10 launchers. Several failed 
flight tests in 2016. Status unknown; 
may have been superseded. 

Hwasong-12 
KN17 

North 
Korea 2017 >4,500 

Single-stage, liquid-fueled MRBM 
launched from 8-axle wheeled TEL. 
Flight-tested several times in 2017 with 
mixed success. Deployment status 
unknown. 

Hwasong-14 
KN20 

North 
Korea 2017 >10,000 

Two-stage, liquid-fueled ICBM 
launched from 8-axle wheeled TEL. First 
ICBM. Successfully flight-tested twice 
in 2017. Deployment status unknown; 
may have been superseded. 
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Designation Country 
Year First 
Displayed 

Range 
(km) Description and Status 

Hwasong-15 
KN22 

North 
Korea 2017 >12,000 

Two-stage, liquid-fueled ICBM 
launched from 9-axle wheeled TEL. 
Successfully flight-tested in Nov. 2017. 
Displayed at parade in Oct. 2020 and at 
exhibition in Oct. 2021. Deployment 
status unknown. 

Hwasong-17f 
KN28 

North 
Korea 2020 >14,000 

Two-stage, liquid-fueled ICBM 
launched from 11-axle wheeled TEL. 
Largest ICBM to date, possibly capable 
of carrying MIRVs and penetration aids. 
Tests of various components, as well as 
possible flight tests, conducted 
throughout early 2022. Displayed at 
parade in Oct. 2020 and at exhibition in 
Oct. 2021. Under development. 

Land-attack 
cruise missile 

North 
Korea 2021 1,500 

Flight-tested multiple times in 2021 
from wheeled TEL. Possibly dual-
capable. Under development. 

Pukguksong-1 
KN11 

North 
Korea 2014 >1,000 

Two-stage, solid-fueled SLBM. Flight-
tested several times in 2015 and 2016 
with mixed success. Displayed at 
exhibition in Oct. 2021. Deployment 
status unknown; may have been 
superseded. 

Pukguksong-3 
KN26 

North 
Korea 2017 

1,900–
2,500 

Two-stage, solid-fueled SLBM. 
Successfully flight-tested in Oct. 2019. 
Deployment status unknown. 

Pukguksong-4 
North 
Korea 2020 

3,500–
5,400 

Two-stage, solid-fueled SLBM. Appears 
wider than Pukguksong-1 and shorter 
than Pukguksong-3. No known flight 
tests. Displayed at parade in Oct. 2020. 
Deployment status unknown. 
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Designation Country 
Year First 
Displayed 

Range 
(km) Description and Status 

Pukguksong-5 
North 
Korea 2021 ? 

Two-stage, solid-fueled SLBM. Roughly 
same length as Pukguksong-3 with 
elongated shroud; possibly capable of 
carrying MIRVs and penetration aids. 
No known flight tests. Displayed at 
parade in Jan. 2021 and at exhibition in 
Oct. 2021. Deployment status 
unknown. 

(Pukguksong-6) 
North 
Korea 2022 ? 

Two-stage, solid-fueled SLBM. Longer 
than all previous Pukguksong-type 
missiles, but with similar nose cone to 
Pukguksong-5. No known flight tests. 
Displayed at parade in Apr. 2022. Under 
development. 

Small “New 
Type” SLBM 

North 
Korea 2021 

400–
600 

Appears to deviate from traditional 
Pukguksong SLBM design, instead 
bearing similarities to KN23 SRBM. 
Displayed at exhibition in Oct. 2021 and 
successfully flight-tested a week later. 
Deployment status unknown; probably 
under development. 

* The status and capabilities of North Korea’s missiles come with significant uncertainty. The inclusion of missiles in this table does not 
necessarily mean the authors conclude that they are all equipped with nuclear warheads or assigned a nuclear mission. Several may have 
been intended as prototypes, technology demonstrators, or early iterations that have been or will be superseded by newer missiles. Some 
missiles are also grouped due to their similarities or due to their role as part of a missile “family” or “generation.”  
Keys: ? = unknown; () = uncertain. 
a For overviews of names and designations for North Korean missiles, see: Matt Korda’s “The More You KN-0w About North Korean 
Missiles” and “The Hwasong That Never Ends” lists on Arms Control Wonk (https://www.armscontrolwonk.com/archive/1203680/the-
more-you-kn-0w-about-north-korean-missiles/; http:// 
www.armscontrolwonk.com/archive/1203797/thehwasong-that-never-ends/); the Center for Nonproliferation Studies’ “North Korea 
overview” on the Nuclear Threat Initiative (NTI) website (http://www.nti.org/learn/countries/north-korea/); the Center for Strategic and 
International Studies’ Missile Threat Project (https://missilethreat.csis.org/country/dprk/); and Ankit Panda’s reporting (@nktpnd). 

The Evolution of the United Kingdom's Nuclear 
Deterrence Policy 
The United Kingdom's approach to nuclear deterrence has evolved significantly over the 
years, marking a distinctive journey towards minimalism in its nuclear arsenal while 
maintaining a credible deterrent. This detailed exploration will delve into the intricacies 
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of the UK's nuclear strategy, its operational dynamics, and the geopolitical underpinnings 
that have influenced its decisions, drawing on a comprehensive array of sources to 
present an updated and thorough analysis. 

The United Kingdom's Strategic Nuclear Posture 
The United Kingdom operates a streamlined nuclear deterrent primarily centered around 
its fleet of four Vanguard-class nuclear-powered ballistic missile submarines (SSBNs). 
Each submarine is equipped with 16 missile tubes, and at any given time, one of these 
submarines is deployed under the Continuous At-Sea Deterrent (CASD) posture. This 
deployment strategy ensures that the UK has at least one submarine at sea, capable of 
launching nuclear missiles at reduced alert levels, which means that the missiles can be 
launched within days instead of minutes, a significant shift from Cold War-era 
immediacy. 

Operational Status and the Role of SSBNs 
The operational readiness of the UK's nuclear forces is structured to ensure flexibility and 
resilience. While one submarine maintains active patrol, two others are kept in port, 
ready to be deployed at short notice. The fourth submarine undergoes periodic overhauls 
and is not readily deployable. This structure supports the UK's strategic aim to maintain 
a deterrent that is not only effective but also adaptable to changing circumstances. 

Command and Control: The "Letters of Last Resort" 
One of the most unusual yet critical components of the UK's nuclear command and 
control system is the use of handwritten "Letters of Last Resort." These letters, written by 
the Prime Minister at the beginning of their term, contain orders on the actions to be taken 
by submarine commanders should the UK be incapacitated by a nuclear strike. These 
instructions could range from placing themselves under the command of the United 
States, relocating to Australia, retaliating, or using their judgment to decide the best 
course of action. 

Nuclear Arsenal and Stockpile Management 
Historically, the UK's nuclear arsenal has been subject to fluctuations based on strategic 
reviews and international security environments. In 2006, the UK government announced 
a reduction in operationally available warheads from under 200 to under 160. By 2010, 
further commitments were made to reduce the overall stockpile to no more than 225 
warheads. These figures were adjusted in subsequent Strategic Defence and Security 
Reviews (SDSR), with the 2015 review setting a future target of no more than 180 
warheads by the mid-2020s. However, these targets were not strictly adhered to, as 
evidenced by later statements and reviews. 
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The 2021 Integrated Review: A Strategic Pivot 
The 2021 Integrated Review marked a significant shift in the UK's nuclear policy by 
increasing the upper limit of the nuclear stockpile to no more than 260 warheads. This 
decision was explained as a response to the evolving security environment, including 
advances in ballistic missile defenses by other countries, notably Russia. This increase 
aligns the UK with other P5 countries, such as China and Russia, who have also expanded 
their nuclear arsenals in recent years. 

Transparency and Public Policy 
The UK's decision to increase its warhead stockpile was accompanied by a reversal in its 
transparency policy. Mirroring a move by the Trump administration in the United States, 
the UK announced that it would no longer publish specific figures regarding its 
operational stockpile, deployed warheads, or missile counts. This decision has 
implications for international arms control and non-proliferation efforts, as transparency 
has been a key component of trust and verification in international nuclear arms control. 

Reconstitution of Warheads 
In line with increasing the warhead ceiling, the UK may reintegrate previously retired 
warheads back into its active stockpile. Disassembled warheads are processed in a 
manner that prevents easy reassembly; however, some stored warheads could 
potentially be made operational if required. This flexibility in managing the warhead 
stockpile demonstrates the UK's strategic approach to maintaining a credible nuclear 
deterrent that can adapt to changes in the geopolitical landscape. 
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Nuclear Modernization and the UK Sea-Based Deterrent 
The United Kingdom's commitment to its nuclear deterrent is evidenced by its extensive 
plans for modernization, which include the introduction of the new Dreadnought-class 
submarines. These advanced submarines are set to replace the current Vanguard-class 
SSBNs in the early 2030s, indicating a significant long-term investment in the UK's 
strategic nuclear capabilities. 

Table . British nuclear forces, 2021 
Type/Designation Number Year 

Deployed 
Range 
(Km) 

Warhbeads 
x yeld 
(kilotons) 

Warheads 
(total 
available) 

Trident II D5 (LE) 48 1994 >10000 1-8 x 100 
kt(a) 

225 (b) 

a) A small number of warheads were previously modified to produce a low yield; 
however, these warheads are not deployed. 

b) Lists total warheads in stockpile. Of these, 120 are operationally available and 40 
are deployed on the single SSBN that is at sea. 

 

Development of the Dreadnought-Class Submarines 
The Dreadnought-class submarines represent a new era in British naval engineering, 
emphasizing enhanced stealth capabilities, advanced technology, and increased 
efficiency. Named Dreadnought, Valiant, Warspite, and King George VI, these submarines 
are being developed in collaboration with the US Navy, reflecting a continued partnership 
in nuclear deterrence. Each submarine will be equipped with three 'Quad Pack' Common 
Missile Compartments, each holding four launch tubes, totaling 12 tubes per 
submarine—a reduction from the 16 tubes in the current Vanguard-class. 

Challenges in Development 
Despite the strategic importance of these submarines, the project has encountered 
several technical and logistical challenges. The delay in the delivery of missile tubes due 
to quality control issues underscores the complexities of constructing such advanced 
military assets. By mid-2020, progress was reported with the integration of these tubes 
into the submarine's structure, marking a critical step in the Dreadnought's development. 

UK’s Reliance on US Nuclear Infrastructure 
The UK's nuclear deterrent strategy is closely tied to US technology and infrastructure. 
The UK does not possess its own missile designs but instead has rights to 58 Trident 
SLBMs (submarine-launched ballistic missile ) from a shared pool with the US Navy. This 
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interdependence raises questions about the autonomy of the UK's nuclear forces. 
Additionally, the ongoing US Navy program to extend the life of the Trident II D5 missiles 
to the early 2060s is crucial for the UK, as these missiles are expected to arm the 
Dreadnought-class submarines. 

Warhead Modernization Efforts 
Parallel to the submarine development, the UK is also upgrading its nuclear warheads. 
The current UK warhead, known as Holbrook, is undergoing refurbishment to be fitted 
onto the US-supplied Mk4A aeroshell. This program includes enhancements to the 
warhead's arming, fuzing, and firing systems, enabling more precise targeting 
capabilities, particularly for hard-target kill missions. These upgrades are being carried 
out at the Atomic Weapons Establishment (AWE) in Aldermaston, with further processes 
at nearby facilities. 

The New Warhead Program 
In 2020, the UK announced the initiation of a new warhead program, which is expected 
to replace the existing Holbrook warheads. This program is running in parallel with the US 
W93/Mk7 program, highlighting the synchronized efforts between the US and UK to 
maintain and enhance their nuclear arsenals. The close collaboration in design and 
production underscores the strategic ties between the two nations, albeit raising further 
questions about the independence of the UK's nuclear deterrent. 

Transportation and Security 
The transportation of nuclear warheads from AWE Aldermaston to other facilities, 
including the Royal Naval Armaments Depot Coulport, is a highly sensitive operation, 
monitored closely by disarmament groups such as Nukewatch. These groups provide an 
additional layer of oversight and transparency to the movements of nuclear materials, 
which are essential for both operational readiness and public accountability. 

Strategic Implications 
The modernization of the UK's sea-based deterrent through the Dreadnought-class 
submarines and the development of new warheads are critical components of the UK's 
future strategic posture. These efforts reflect an acknowledgment of the evolving security 
environment and the technological advancements necessary to maintain a credible 
nuclear deterrent. However, the deep integration with US nuclear programs and 
infrastructure continues to pose questions about the true independence of the UK's 
nuclear force, a debate that is likely to persist as these modernization efforts progress. 

The ongoing updates and developments in the UK's nuclear arsenal are pivotal not only 
for its national security but also for its standing in international relations, particularly 
within the frameworks of nuclear non-proliferation and arms control. As these 
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modernization initiatives unfold, they will undoubtedly attract scrutiny and interest from 
both allies and adversaries, shaping the geopolitical dynamics of nuclear deterrence in 
the 21st century. 

 

Image :  Estimated United Kingdom Nuclear Weapons Stockpile, 1953-2025. Note: The 
United Kingdom has not declassified the history of its nuclear weapons stockpile size, 
so this estimate is provided for illustrative purposes. 
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Concerns and Issues for the Future of UK's Nuclear 
Deterrent 
As the United Kingdom progresses with its ambitious plans to modernize its nuclear 
deterrent, several significant concerns have emerged that could influence the trajectory 
and success of these initiatives. These include escalating costs, management 
challenges, and the geopolitical implications of potential Scottish independence. 

Escalating Costs and Management Challenges 
The financial and managerial aspects of the UK's nuclear deterrent program have been a 
persistent issue. Initially estimated at £25 billion in 2011, the cost for the new 
Dreadnought-class submarines has escalated to £31 billion by 2015, with an additional 
£10 billion set aside to cover unforeseen cost overruns. By early 2020, nearly £8.5 billion 
had already been spent on the development of these submarines, highlighting the 
substantial financial commitment involved. 

Furthermore, a 2018 report by the National Audit Office (NAO) identified a £2.9 billion 
affordability gap in the UK's military nuclear spending planned through 2028. This gap 
underscores the financial strains and the need for stringent financial management and 
oversight within the Ministry of Defence. 

Project Delays and Overruns 
The UK's nuclear infrastructure projects have also faced significant delays and cost 
overruns. For instance, the MENSA project at Aldermaston, intended for warhead 
assembly and disassembly, exceeded its budget by 146 percent and was delayed by six 
years. Similar issues have affected other critical projects like Pegasus and Hydrus, which 
handle enriched uranium components and conduct hydrodynamic radiographic 
experiments, respectively. These setbacks reflect broader issues of project management 
and execution within the UK's nuclear program. 

Renationalization of the Atomic Weapons Establishment 
In response to these persistent management challenges, the UK government took a 
significant step by announcing the renationalization of the Atomic Weapons 
Establishment in November 2020. This strategic shift aims to enhance oversight and 
control over nuclear weapons development and maintenance, which had previously 
been managed by a contractor-operated consortium led by Lockheed Martin. 

Geopolitical Implications of Scottish Independence 
Another looming concern for the UK's nuclear deterrent is the potential impact of 
Scottish independence. Naval Base Clyde in Scotland is a critical part of the UK's nuclear 
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infrastructure, serving as the homeport for its SSBNs. Scottish independence could 
necessitate the relocation of these assets, a process that would be both costly and 
logistically challenging. The prospect of another Scottish referendum, especially in light 
of Brexit, adds a layer of uncertainty to the future of the UK's nuclear deterrent. 

Potential Relocation Sites 
In the event of Scottish independence, alternative locations such as HM Naval Base 
Devonport in Plymouth have been considered for relocating the SSBN force. However, the 
financial and logistical implications of such a move are substantial, raising questions 
about the feasibility and strategic wisdom of continuing with the current modernization 
plans under such circumstances. 

The UK's commitment to modernizing its nuclear deterrent faces a complex array of 
challenges, from financial overruns and project delays to geopolitical uncertainties. 
Effective management and strategic planning will be crucial for overcoming these 
obstacles and ensuring the long-term viability of the UK's nuclear deterrent capabilities. 
As these efforts continue, they will require careful oversight, robust financial 
management, and adaptable strategic planning to navigate the evolving international and 
domestic landscapes. 
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France's Nuclear Arsenal: A Detailed Insight into its 
Current Status, Doctrine, and Future Prospects 
France has maintained a relatively stable nuclear arsenal over the past decade, with the 
current inventory approximating 290 warheads. This figure is slightly less than previous 
estimates which included warheads considered as spares or in maintenance that are no 
longer counted separately. Nearly all of France's warheads are deployed or are 
operationally available for deployment at short notice, reflecting a state of readiness and 
strategic deterrence. 

France's transparency regarding its nuclear capabilities is notable among nuclear-armed 
states, surpassed only by the United States. The country has consistently disclosed 
details about its nuclear forces and operations for many years. The current force level 
was primarily influenced by the policy changes initiated under former President Nicolas 
Sarkozy. On March 21, 2008, Sarkozy announced a reduction of France's nuclear arsenal 
to fewer than 300 warheads, a policy that was later reaffirmed by his successors, 
François Hollande in 2015, and Emmanuel Macron in 2020. Sarkozy highlighted that this 
stockpile represented "half the maximum number of warheads France had during the 
Cold War," with the arsenal peaking around 540 warheads in 1991-1992. Today's stockpile 
mirrors the numbers from 1984, though its composition has significantly evolved. 

The Evolution of French Nuclear Doctrine 
The role of French nuclear weapons has been periodically articulated by various heads 
of state. France's 2017 Defense and National Security Strategic Review described its 
nuclear doctrine as "strictly defensive," stating that nuclear weapons would only be used 
in "extreme circumstances of legitimate self-defense" involving France's vital interests. 
However, the precise definition of these "vital interests" remains deliberately vague to 
prevent potential aggressors from calculating risks too accurately. 

In a significant statement in February 2020, President Macron expanded the notion of 
France's "vital interests" to include a European dimension, attempting to integrate 
France's nuclear deterrence into the broader context of EU collective security. However, 
he clarified in October 2022 that these interests would not extend to a nuclear ballistic 
attack in Ukraine or the region, thus delineating the boundaries of France's nuclear 
commitments. 

Despite being a NATO member, France's nuclear forces operate independently of the 
Alliance's integrated military command structure. This autonomy ensures France's 
decision-making independence and its freedom of action within the international arena, 
even under potential threat or blackmail in crisis situations. The 2013 White Paper on 
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Defense and National Security underscores this point, stating that the French nuclear 
deterrent permanently secures the nation's autonomy. 

The possibility of a "final warning" limited nuclear strike remains a component of French 
strategy. This action serves as a stark indication to an adversary that they have crossed a 
threshold, potentially escalating to further nuclear strikes if required to reestablish 
deterrence. This posture aligns with the historical ambiguity in nuclear strategy where the 
conditions under which nuclear weapons might be used are intentionally obscured. 

Modernization and Strategic Exercises 
Under President Macron's administration, France has embarked on a significant 
modernization of its nuclear forces. The 2018 Military Planning Law allocated 
approximately €37 billion for the maintenance and modernization of these capabilities 
through 2025, marking a substantial increase from previous budgets. The 2023 budget 
further increased funding to €5.6 billion, emphasizing the continued priority given to 
nuclear forces within French defense policy. 

France regularly conducts strategic exercises to ensure the readiness and effectiveness 
of its nuclear forces. The "Poker" exercises, involving simulated strategic air raids 
primarily by nuclear-capable Rafale aircraft, play a critical role in this regimen. These 
exercises, which occur four times a year, demonstrate France's capability to deploy its 
nuclear arsenal effectively and are a vital component of the operational training for 
French forces. 

Geopolitical Implications and Recent Developments 
The ongoing conflict in Ukraine has reaffirmed the strategic value of nuclear deterrence, 
illustrating its potential to moderate conflicts involving nuclear powers. The war has also 
revived Cold War-era dynamics, such as the balance of terror through the threat of force, 
highlighting the enduring relevance of nuclear capabilities in contemporary geopolitical 
conflicts. 

France's nuclear strategy and arsenal remain pivotal elements of its national defense and 
international security policy. While maintaining a robust deterrent capability, France 
continues to navigate the complex landscape of modern geopolitics, ensuring that its 
nuclear forces are aligned with both national and broader European security interests. 
The modernization efforts and strategic exercises underscore the country's commitment 
to maintaining a credible and effective nuclear deterrent in the face of evolving global 
threats. 
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Table . French nuclear weapons, 2023 

Weapon System No. 
Year 
Operational 

Range 
(kilometers)a 

Warheads x 
Yield 
(kilotons) 

Warhead 
Type 

Total 
Warheads 

Land-based 
aircraft 

      
Rafale 
BF3/ASMPA 40 2010c 2,000 1 × <300d TNA 40 

Carrier-based 
aircraft 

      
Rafale 
MF3/ASMPA 10 2011 2,000 1 × <300d TNA 10 

Submarine-
launched 
ballistic missiles 

      

M51.1 16 2010 6,000+ 
4–6 × 100 
(MIRV)d TN75 80 

M51.2 32 2016 9,000+ 
4–6 × 100 
(MIRV)d TNO 160 

Total 
     

290 

Abbreviations used: ASMPA = air-sol moyenne portée-amélioré (medium-range air-launched); MIRV = multiple independently targetable reentry 
vehicle; TN = tête nucléaire (nuclear warhead); TNA = tête nucléaire aéroportée (air-based air-launched nuclear warhead); TNO = tête nucléaire 
océanique (sea-based air- launched nuclear warhead). 

aRange for aircraft is shown. The range of the ASMPA air-launched cruise missile is close to 600 km. 

bThe Mirage-2000N, which served in the nuclear strike role, was retired in 2018. All nuclear Rafale F3s are currently at Saint-Dizier Air Base. France 
produced 54 ASMPA air-launched cruise missiles, including those used in test flights. 

cThe ASMPA air-launched cruise missile first entered service with the Mirage-2000N in 2009. 

dThere is considerable uncertainty regarding the yields of the new warheads. It appears that both the TNA and TNO are based on the same new 
design, which is different from that of their predecessors (Tertrais 2020). This design choice could potentially indicate that the new 
warheads might have the same yield. Although some French sources continue to attribute a high 300-kiloton yield to the TNA (the same 
yield as the TN81 warhead that armed the ASMP), the manufacturer of the ASMPA says the TNA has a “medium energy” yield, potentially similar 
to the TNO’s approximately 100 kilotons (Groizeleau 2015). In the absence of more concrete information, however, these numbers should 
be treated as estimates. 
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Strategic Deployment and Infrastructure Enhancements 
The Triomphant-class submarines and their SLBMs are pivotal to France's nuclear 
deterrence, offering a crucial second-strike capability that underscores the strategic 
depth and resilience of the nation's defense posture. These submarines ensure that 
France maintains a continuous at-sea deterrent, a practice that has been uninterrupted 
for nearly five decades, demonstrating France's commitment to its nuclear strategy. 

The operational routine of the French submarine force is a carefully orchestrated cycle of 
patrols, with each submarine undergoing a typical mission cycle of being on patrol, 
preparing for patrol, returning from patrol, and undergoing maintenance. This cycle 
ensures that there is always at least one submarine on patrol, thereby maintaining a 
constant state of readiness. The 500th patrol milestone in 2018 underlined the 
longstanding effectiveness and reliability of this strategy. 

The infrastructure supporting these operations, primarily located at the Île Longue naval 
base, is equally robust. Île Longue serves as the hub for the SSBNs, providing 
comprehensive facilities for maintenance, warhead storage, and missile handling. 
Recent satellite imagery has shown significant upgrades at the base, including a new 
electrical plant and what appears to be a covered bunker that may enhance the security 
and operational capabilities of the site. The relocation of the SSBN command center to 
Île Longue in 2000 further centralizes France’s nuclear command facilities, enhancing 
operational coherence and security. 

Modernization of Missile Systems: The M51 SLBM 
The backbone of the submarine's striking power, the M51 SLBM, represents significant 
advancements in missile technology. Initially deployed in 2010, the M51 SLBM was 
designed to replace the older M45 SLBM, with substantial improvements in range, 
accuracy, and payload capabilities. The M51 has undergone several iterations, with the 
M51.2 variant introducing capabilities for greater range and a new, stealthier warhead 
known as the tête nucléaire océanique (TNO). 

The development of the M51 SLBM highlights France's commitment to maintaining a 
cutting-edge nuclear arsenal. The missile shares several technological features with the 
Ariane 5 space-launch vehicle, indicating a high degree of sophistication in French 
missile technology. This includes the use of solid-fueled heavy boosters and advanced 
guidance systems, ensuring the missile's effectiveness and reliability. 

Future Prospects: Towards the SNLE−3G Submarines 
As the Triomphant-class submarines approach the end of their operational lifespan, 
France is already planning their successors, the SNLE−3G class. These next-generation 
submarines are expected to feature a longer hull and incorporate advanced stealth 
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technologies, enhancing their operational capabilities and survivability. The design and 
construction of these submarines are set to commence soon, with the first of the class 
expected to enter service around 2035. 

The SNLE−3G submarines are slated to be equipped with the future M51.3 SLBM, which 
is currently under development. This missile will feature an extended range and improved 
accuracy, and plans for an even further advanced M51.4 variant are already in the 
pipeline. These developments signify a forward-looking approach in French military 
planning, ensuring that the country's nuclear deterrent remains robust and responsive to 
future challenges. 

France's strategic investment in its submarine-launched ballistic missile force is a clear 
indication of the country's commitment to its nuclear deterrent capabilities. The 
continuous modernization of both the submarines and missile systems ensures that 
France not only maintains a credible and secure second-strike capability but also adapts 
to the evolving technological and geopolitical landscape. As international tensions 
persist and new threats emerge, France's nuclear forces, epitomized by its advanced 
submarine fleet and the potent M51 SLBM, remain a cornerstone of its national defense 
and a key component of its strategic military posture. 
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Guardians of the Sky: France's Evolving Nuclear Air 
Power and Naval Aviation Force 
The French Strategic Air Forces and Naval Nuclear Aviation Force are responsible for the 
air-launched segment of France's nuclear arsenal. This includes the deployment of the 
advanced ASMPA air-launched cruise missiles, which are capable of being delivered by 
fighter-bombers. The primary aircraft used for this mission is the Rafale BF3, with 
approximately 40 of these aircraft organized into two squadrons—the EC 1/4 "Gascogne" 
and EC 2/4 "La Fayette"—based at Saint-Dizier Air Base, around 190 kilometers east of 
Paris. Previously, EC 2/4 operated the Mirage 2000Ns at Istres Air Base until their 
retirement in 2018, which led to the consolidation of the nuclear mission under the 
Rafales. 

The Naval Nuclear Aviation Force (FANu) manages at least one squadron (11F and 
possibly 12F) of 10 MF3 aircraft for nuclear strike missions aboard the Charles de Gaulle, 
France's sole nuclear-capable aircraft carrier. The carrier itself, stationed at Toulon, 
houses the aircraft at the Landivisiau Naval Aviation Base in northern France. The ASMPA 
missiles, used by both the Strategic Air Forces and FANu, are thought to be stored at 
Avord Air Base, Istres Air Base, or both. 

Introduced in 2009, the ASMPA replaced the older ASMP and currently encompasses a 
total of 54 units, including those used for testing. France initiated a mid-life 
refurbishment program for these missiles in 2016 to extend their service into the 2030s, 
resulting in the updated ASMPA-R. These missiles are expected to remain operational 
until the end of 2023, when the new fourth-generation air-to-surface nuclear missile, 
ASN4G, is scheduled to enter service. The ASN4G promises enhanced stealth and 
maneuverability, utilizing hypersonic technologies, and is anticipated to reach initial 
operational capability by 2035. 

Further modernization efforts include updates to the Rafale aircraft, transitioning from 
the F3 to the F5 version by 2035, in anticipation of eventually replacing them with France's 
Next Generation Fighter. This future fighter, developed jointly with Germany, is expected 
to potentially possess nuclear capabilities and will replace the Rafale by the mid-2050s. 

Support for France's air-launched nuclear capability is provided by a fleet of refueling 
aircraft, currently consisting of Boeing C−135FR and KC−135R tankers. These are set to 
be replaced by the newer Airbus A330–200 “Phénix” Multi-Role Tanker Transport (MRTT) 
aircraft, with nine already delivered and additional units expected by the end of 2023. This 
transition is part of a broader strategy to modernize and maintain the effectiveness of 
France's nuclear forces. 
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Image: . France’s four SSBNs are based at the Ile Longue submarine base near Brest. 
(Credit: 2023 Maxar Technologies / Federation of American Scientists).  
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Deep Dive into France’s Nuclear Weapons Complex: 
Operational Excellence and Technological 
Advancements 
France’s national defense and strategic deterrence capabilities hinge significantly on its 
robust nuclear weapons program. This program is overseen and managed by the 
Direction des Applications Militaires (DAM), a specialized department within the 
Commissariat à l’énergie atomique et aux énergies renouvelables (CEA). The DAM is 
integral to the lifecycle of France's nuclear arsenal, encompassing research, design, 
manufacture, maintenance, and dismantlement of nuclear warheads. 

The Central Role of DAM 
Located approximately 30 kilometers south of Paris, the DAM facility in Bruyères-le-
Châtel is a cornerstone of France's nuclear weapons research and development. This site 
is home to the Tera 1000 supercomputer, the most powerful in Europe as of its last 
reported update in 2016, boasting a capacity of 25 petaflops. This computational power 
is essential for simulating nuclear detonations, a critical capability since the global 
moratorium on live nuclear tests. Approximately half of the personnel affiliated with the 
CEA’s military section are based at this facility, underscoring its significance in France’s 
nuclear defense strategy. 

Valduc Center: A Hub for Nuclear Warhead Lifecycle Management 
The Valduc Center, around 30 kilometers northwest of Dijon, plays a pivotal role in the 
operational aspects of France's nuclear arsenal. It is primarily involved in the production, 
maintenance, storage, and dismantlement of nuclear warheads. The expansion of this 
facility was notably influenced by the 2010 French-British Teutates Treaty, which set the 
framework for Franco-British collaboration on nuclear deterrence technologies. 

One of the critical installations at Valduc is the Epure facility, which houses three high-
power radiographic axes, including the AIRIX X-ray generator. This setup enables precise 
characterization of material behavior under conditions similar to those in the pre-nuclear 
phase of weapon functioning. The CEA’s 2017 report highlighted the AIRIX’s capability to 
deliver insights with unprecedented accuracy, crucial for the stewardship of the nuclear 
stockpile in the absence of actual nuclear testing. 
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CESTA: Spearheading Technological Innovations 
The CEA’s Centre d’Études Scientifiques et Techniques d’Aquitaine (CESTA), located near 
Le Barp, focuses on the technological development aspects of nuclear weapons. This 
includes designing equipment for nuclear warheads and reentry vehicles, and 
coordinating the overall development of these systems. A notable facility at CESTA is the 
Megajoule laser, analogous to the US National Ignition Facility. Construction of the 
Megajoule laser commenced in 2005, and it became operational for experiments in 2014. 

The Megajoule laser is a cornerstone of France’s nuclear simulation program, designed 
to validate theoretical models of nuclear weapons detonations. This high-energy laser 
facility simulates the physical conditions that occur during a nuclear explosion, providing 
critical data that informs the safety, reliability, and effectiveness of France’s nuclear 
arsenal. 

Strategic Implications and Technological Sovereignty 
The strategic importance of these facilities cannot be overstated. They not only ensure 
that France maintains a credible and secure nuclear deterrent but also underscore the 
country's commitment to technological sovereignty in the realm of nuclear capabilities. 
The integration of advanced technologies such as the Tera 1000 supercomputer and the 
Megajoule laser into France's nuclear program highlights the nation's proactive approach 
to adapting to the challenges posed by the contemporary security environment. 

Moreover, the collaborative efforts under the Teutates Treaty illustrate France's strategic 
partnerships, enhancing not only Franco-British relations but also contributing to 
broader European security. These partnerships facilitate the sharing of technological 
advancements and foster a cooperative approach to nuclear deterrence that is aligned 
with modern defense strategies. 

The continuous development and enhancement of France's nuclear weapons complex 
are vital to its strategic autonomy and national security. The facilities at Bruyères-le-
Châtel, Valduc, and CESTA are at the forefront of technological innovation in the nuclear 
domain, ensuring that France remains a key player in global nuclear deterrence. As 
geopolitical dynamics evolve, the role of these centers in maintaining and advancing 
France's nuclear capabilities will undoubtedly be of paramount importance. 
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Image : Saint-Dizier Air Base, France, with probable nuclear “K building.” (Credit: 2023 
Maxar Technologies / Federation of American Scientists). 
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Image: The CEA Valduc complex is responsible for the production, maintenance, 
storage, and dismantlement of France’s nuclear warheads. (Credit: 2023 Maxar 
Technologies / Federation of American Scientists).  



 

  
COPYRIGHT DEBUGLIESINTEL.COM  

 

366 2024 – Nuclear Dilemma 

India’s Nuclear Arsenal and Strategic Dynamics 
In the intricate and often opaque world of global nuclear arsenals, India's nuclear forces 
represent a particularly elusive subject. The challenges inherent in accurately assessing 
the size and capabilities of India’s nuclear arsenal are manifold. Unlike many nuclear-
armed nations, India has maintained a consistent policy of non-disclosure regarding the 
size and specific capabilities of its nuclear stockpile. Indian officials rarely comment on 
the nation’s nuclear capabilities, and the country does not partake in the more 
transparent practices observed by some other nuclear states. 

The Culture of Opacity 
India’s strategic culture of relative opacity concerning its nuclear arsenal has deep roots. 
Official information is seldom available, and when it is, it comes filtered through various 
governmental channels such as parliamentary inquiries, budget documents, and 
selective government statements. This practice is further compounded by India’s 
legislative actions, such as the 2016 amendment to the Right to Information Act. This 
amendment placed the Strategic Forces Command—responsible for the operation of 
India’s nuclear arsenal—under the list of organizations exempt from public information 
requests, thus shielding details of the nuclear program from journalists, researchers, and 
the general public. 

Challenges in Data Collection 
Given the lack of official transparency, the task of collecting and analyzing data on India's 
nuclear capabilities often falls to alternative sources. Local news and media outlets 
occasionally step into this breach, albeit with varying degrees of accuracy. Reports from 
these outlets sometimes assert that certain weapon systems are "nuclear-capable," 
despite there being no official confirmation of such capabilities. The reliability of these 
reports is frequently questionable, necessitating verification against multiple sources. 

In the realm of open-source intelligence, analysts have made significant contributions to 
understanding the scope of India’s nuclear capabilities. Utilizing commercially available 
satellite imagery, researchers like @tinfoil_globe have provided invaluable insights into 
the layout and activity at Indian military bases, offering a partial but pivotal glimpse into 
the otherwise concealed world of India's nuclear arsenal. 

Modernization and Strategic Developments 
India is not only maintaining but actively modernizing its nuclear arsenal. It is 
operationalizing a nascent nuclear triad, signaling a significant strategic evolution. 
Currently, India fields eight different nuclear-capable systems, including two aircraft, 
four land-based ballistic missiles, and two sea-based ballistic missiles. Further, at least 
four additional systems are under development, with most nearing completion and 
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expected to be combat-ready in the near future. The reach of India’s ballistic missiles now 
extends to major cities like Beijing, signaling a strategic capability to project power far 
beyond its immediate geography. 

Fissile Material and Warhead Estimates 
The fissile material inventory is crucial for understanding the potential scale of India’s 
nuclear arsenal. It is estimated that India has produced approximately 700 kilograms of 
weapon-grade plutonium, with a margin of error of about 150 kilograms. This quantity of 
plutonium is sufficient for constructing between 138 to 213 nuclear warheads. However, 
not all of this material has been weaponized. Current estimates suggest that India has 
assembled about 160 nuclear warheads. The ongoing development of new missile 
systems implies that additional warheads will likely be produced to arm these modern 
delivery platforms. 

Expansion of Plutonium Production 
The source of India’s weapon-grade plutonium is primarily the Dhruva plutonium 
production reactor located at the Bhabha Atomic Research Centre near Mumbai. In 
operation since its inception and supplemented until 2010 by the CIRUS reactor at the 
same facility, these reactors have been pivotal. Looking ahead, India plans to significantly 
enhance its plutonium production capacity. The construction of at least one more 
plutonium production reactor is on the horizon. Moreover, the 500-megawatt Prototype 
Fast Breeder Reactor (PFBR) under construction at the Indira Gandhi Centre for Atomic 
Research near Kalpakkam represents a further escalation in capability. Originally slated 
for criticality in 2010, the PFBR has faced considerable delays, with new expectations 
setting the criticality date around October 2022. Beyond this, plans for six additional fast 
breeder reactors over the next 15 years suggest a robust expansion strategy. The 
construction of the first two of these reactors is expected to commence in October 2022, 
with operational capability projected for the early 2030s. 
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Nuclear Doctrine and Regional Tensions 
The nuclear doctrine and the dynamics of regional tensions between India and its 
neighbors, particularly Pakistan and China, are critical in understanding the strategic 
landscape of South Asia. The historical context of these tensions, combined with recent 
incidents, underscores the precarious nature of nuclear diplomacy and the thin line that 
separates a contained skirmish from a full-blown nuclear crisis. 

Indo-Pakistani Nuclear Tensions 
The relationship between India and Pakistan remains one of the most volatile nuclear 
flashpoints globally. The recent history of military engagements between the two 
countries highlights the constant risk of escalation. In November 2020, an intense 
exchange of artillery and gunfire occurred over the Line of Control, resulting in significant 
casualties. This event was part of a series of confrontations, with a notable escalation in 
February 2019 following a suicide bombing by a Pakistan-based militant group. India's 
retaliatory airstrike near Balakot and the subsequent downing of an Indian aircraft by 
Pakistani forces marked one of the most severe escalations in recent years. The incident 
led to the convening of Pakistan’s National Command Authority, underscoring the 
nuclear undertones of such confrontations. 

The rhetoric from Pakistani officials during these incidents often hinted at the nuclear 
capabilities and readiness, reflecting the high stakes of any military engagement between 
the two nuclear-armed neighbors. The accidental launch of a BrahMos missile by India 
into Pakistani territory in March 2022 further exemplified the risks of mismanagement 
and miscalculation. The incident, which resulted in damage to civilian property, was met 
with significant military alertness from Pakistan, demonstrating the hair-trigger nature of 
regional security dynamics. 

Strategic Shift Towards China 
While Pakistan has long been considered India's primary nuclear deterrent focus, recent 
developments indicate a strategic pivot towards China. This shift has been precipitated 
by several factors, including the increasing militarization at the borders and a series of 
standoffs that have raised tensions. Notably, the Doklam standoff in 2017 and the 
Galwan Valley clash in 2020 were significant escalations that involved casualties and 
intense military posturing by both sides. 

India’s modernization of its nuclear arsenal, including the development of new Agni 
missiles with capabilities to reach deep into Chinese territory, reflects this strategic 
reorientation. This focus is not just a matter of capability but also of the broader strategic 
imperative to address the threats posed by China's superior conventional and nuclear 
forces. 
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Decoupling of Nuclear Strategies 
The evolving security dynamics with China might influence India's strategic posture 
towards Pakistan. Analysts have suggested a potential 'decoupling' of India's nuclear 
strategy between China and Pakistan, where the requirements to deter China could lead 
to a more assertive posture towards Pakistan. This could include scenarios where India 
might consider options like escalation dominance or even a first strike in extreme 
situations, despite traditionally adhering to a no-first-use policy. 

The Ambiguity of India's No-First-Use Policy 
India's no-first-use (NFU) policy has been a cornerstone of its nuclear doctrine since its 
inception. However, recent statements and developments have cast doubt on the 
unwavering nature of this policy. The remarks by former Defense Minister Manohar 
Parrikar, questioning the binding nature of the NFU, followed by Defense Minister Rajnath 
Singh's comments about the conditional aspects of the NFU, reflect a potential shift in 
India's strategic thinking. This ambiguity is further supported by scholarly analysis 
questioning the reliability of NFU as a predictor of India's nuclear use doctrine. 

Operational Readiness and Modernization 
There is ongoing debate and speculation about the operational readiness of India's 
nuclear arsenal. Recent analyses suggest that India may have increased the readiness 
level of its nuclear forces, potentially by integrating warheads with missile systems in 
canisters for quicker deployment. The development of a sea-based leg of its nuclear triad 
also points to a broader strategy to enhance the survivability and response capabilities 
of its nuclear forces. 

This trend of increased readiness and deployment flexibility is likely to continue, 
especially with the introduction of more canistered launch systems and the 
operationalization of India’s nuclear submarine fleet. These developments are part of a 
broader pattern of nuclear modernization that aims to ensure India's security and 
strategic deterrence in an increasingly complex regional environment. 
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Aircraft in India's Nuclear Strategy 
Aircraft have played a foundational role in India's nuclear strike capabilities, evolving 
from the exclusive airborne nuclear deterrent to a crucial component of a sophisticated 
triad that includes land and sea-based systems. This section delves deeper into the 
current status, deployment, and future prospects of the Indian Air Force's (IAF) strategic 
bomber squadrons that are integral to the country's nuclear posture. 

Mirage 2000H and its Evolution 
The Mirage 2000H, dubbed Vajr ("divine thunder"), has been a cornerstone of India's air-
based nuclear force. Operated primarily by the 1st, 7th, and potentially the 9th squadrons 
of the 40th Wing stationed at Maharajpur (Gwalior) Air Force Base, these aircraft have 
served as a critical component of India’s strike capabilities against both Pakistan and 
China. The strategic flexibility of the Mirage 2000H is enhanced by its deployment 
capabilities from additional bases like Nal (Bikaner) Air Force Station, which serves as 
potential nuclear dispersal bases. 

Originally sourced from France, the Mirage 2000H is undergoing significant upgrades to 
extend its service life and enhance its operational capabilities. These upgrades include 
advanced radar systems, modern avionics, and improved electronic warfare capabilities. 
The upgraded version, designated Mirage 2000I, encountered delays in its modernization 
program, with only about half of the 51 aircraft updated by the expected deadline in 2021. 
India's acquisition of additional Mirage 2000s from France's phased-out inventory 
indicates a commitment to maintaining a robust fleet of these aircraft, utilizing 
scavenged parts for ongoing maintenance and operational readiness. 

Jaguar Squadrons and Transition Challenges 
The Jaguar IS/IB, named Shamsher ("sword of justice"), represents another critical 
component of India's air-based nuclear strike capability. Deployed across several 
squadrons at Ambala, Gorakhpur, and Jamnagar Air Force Stations, the Jaguar has been 
a versatile platform for India’s defense strategy. However, the aircraft is aging, and its 
future in the nuclear role is uncertain. Significant upgrades under the DARIN-III project, 
which included precision-attack capabilities and new avionics, were only partially 
completed due to cost concerns and lengthy timelines. 

The planned phase-out of the Jaguar fleet reflects broader challenges in maintaining 
older aircraft in a modern nuclear force. This transition was initially scheduled to begin in 
early 2020 but was postponed to 2024, aligning with India's strategic goal of maintaining 
sufficient force levels to deter both Pakistan and China effectively. 
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Induction of Rafale and Future Prospects 
The induction of the Rafale jets marks a significant enhancement of India’s nuclear-
capable air fleet. The deal for 36 Rafales, reduced from an initial plan for 126, includes 
aircraft equipped with "India-Specific Enhancements" such as advanced radar 
capabilities, cold-weather engine startups, and comprehensive electronic warfare 
systems. These enhancements ensure the Rafales are well-suited for a potential nuclear 
role, similar to their use in the French Air Force. 

Deployed in two squadrons, the Rafales are positioned strategically near critical borders: 
the 17th "Golden Arrows" Squadron at Ambala Air Base, close to the Pakistani border, and 
the 101st "Falcons of Chamb and Akhnoor" Squadron in West Bengal, which is crucial for 
operations focused on the eastern front. The establishment of new infrastructure at these 
bases underscores the strategic importance of the Rafales in India's defense posture and 
its broader nuclear strategy. 

Strategic Implications and Operational Readiness 
The evolution of India’s aircraft-based nuclear capabilities reflects broader strategic 
shifts and the need for a flexible, credible deterrent. As older platforms like the Jaguar are 
phased out, newer and more capable aircraft like the Rafale are expected to take a more 
prominent role in the nuclear mission. The ongoing upgrades to the Mirage fleet and the 
strategic deployment of the Rafales indicate a continued reliance on air-based nuclear 
forces within India's triad, ensuring the IAF remains a key pillar of national defense 
strategy. 

These developments in India's air-based nuclear capabilities are part of a larger effort to 
modernize and adapt its military forces in response to evolving regional threats and 
technological advancements. This ongoing transformation is crucial for maintaining 
strategic stability and deterrence in a region marked by complex security challenges. 
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Land-based Ballistic Missiles in India's Nuclear Arsenal 
India's strategic land-based missile force comprises a range of operational and 
developmental systems that are pivotal to its nuclear deterrence strategy. This section 
details the current operational systems, ongoing developments, and strategic 
implications of India's missile capabilities. 

Operational Missile Systems 
Prithvi-II: As the cornerstone of India's Integrated Guided Missile Development Program, 
Prithvi-II marked the country's first indigenously developed ballistic missile dedicated to 
nuclear deterrence. With a range of 350 kilometers, its relatively compact size makes it 
less detectable, enhancing its strategic utility near border areas. Deployment is believed 
to be extensive, with several groups stationed close to the Pakistani border. 

Agni-I: This short-range missile can strike targets up to 700 kilometers away, primarily 
focusing on Pakistan. Agni-I's deployment includes up to 20 launchers, possibly part of 
the 334th Missile Group. Its operational status was confirmed in 2007, although it served 
as a test platform for advanced technologies like the scramjet-powered Hypersonic 
Technology Demonstrator Vehicle in 2020. 

Agni-II: An enhancement over Agni-I, this medium-range missile extends India's reach 
over 2,000 kilometers, allowing it to target areas in central and southern China. Despite 
initial technical challenges, recent successful tests suggest that earlier issues may have 
been resolved. Approximately 10 launchers are deployed, potentially including the 335th 
Missile Group. 

Agni-III: With a range exceeding 3,200 kilometers, Agni-III brings key Chinese cities within 
reach from India's northeastern territories. Although its introduction to service has seen 
challenges, including a failed night trial, fewer than ten launchers are currently believed 
to be operational. This missile marks a significant escalation in India's strategic 
capabilities, reflecting its extended deterrence objectives. 

Developmental Missile Systems 
Agni-IV: Positioned as an intermediate-range missile, Agni-IV can deliver warheads up to 
4,000 kilometers away, covering nearly all of China from launch points in northeastern 
India. Following successful development tests, serial production was anticipated to 
commence shortly after 2014, with several successful launches underscoring its near-
operational status. 

Agni-V: Representing a leap towards a quasi-intercontinental ballistic missile capability, 
Agni-V can strike over 5,000 kilometers away, enabling deployment well within Indian 
territory while still capable of reaching distant strategic targets. Its advanced canister 
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launch system enhances readiness and reduces launch preparation time significantly. 
The Agni-V's development has been marked by numerous successful tests, with the 
missile nearing operational deployment. 

Strategic Implications 
The diversity and capability of India's missile arsenal reflect a strategic posture aimed at 
balancing deterrence across two major regional adversaries, Pakistan and China. The 
development and deployment of these missile systems indicate India's intent to maintain 
a credible, flexible, and survivable nuclear force. As shorter-range systems potentially 
phase out, the focus seems to be shifting towards more capable medium- and long-range 
systems, ensuring comprehensive coverage of all strategic targets in the region. 

Operational Challenges and Future Directions 
While India continues to expand and modernize its missile forces, challenges such as 
technical failures and deployment delays highlight the complexities of developing and 
maintaining advanced missile systems. The strategic shift towards longer-range systems 
and the potential retirement of older, short-range missiles will likely continue as part of 
India's broader military modernization efforts. 

As India progresses with these advancements, the strategic landscape of South Asia and 
beyond will be significantly shaped by the capabilities and readiness of India's missile 
forces. The ongoing developments in missile technology and strategy not only enhance 
India's security but also play a crucial role in maintaining regional and international 
stability. 
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Image:  Left: Photograph of an Agni-V TCT-5 transporter-erector launcher (TEL) during a 
missile test-launch. Image: DRDO. Right: Satellite imagery of Agni-V ICBM TELs at 
DRDO missile complex near Shampirpet, India. Image: © 2022 Maxar Technologies 
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Continued Development and Testing of India's Missile 
Technology 
India's missile development program continues to evolve with significant advancements 
and strategic extensions, encompassing everything from medium-range ballistic missiles 
to anti-satellite capabilities. This section outlines recent developments and their 
implications for India's defense strategy and regional security dynamics. 

Development of the Agni-P Missile 
In 2021, India introduced the Agni-P missile, a medium-range ballistic missile that 
represents a leap in technology with enhancements borrowed from India's longer-range 
missiles. The Agni-P features advanced rocket motors, propellants, avionics, and 
navigation systems. Its deployment in a sealed canister similar to the Agni-V suggests a 
significant shift toward more rapid deployment capabilities and robust missile systems 
that could replace older models like the Agni-I and Agni-II. This development reflects 
India's focus on integrating sophisticated technology across its missile range, enhancing 
its strategic deterrence capabilities. 

Introduction of the Pralay Missile 
Simultaneously, India is developing the Pralay missile, a conventional short-range 
ballistic missile intended to assume the roles currently held by the dual-capable Prithvi-
II and Agni-I missiles. The separation of nuclear and conventional roles to different 
missile systems aims to diminish the risks of escalation from misinterpretation during 
conflicts. The Pralay's development is a strategic move to maintain clarity in missile 
deployment and reduce the potential for nuclear conflict stemming from conventional 
engagements. 

Speculation and Development of MIRV Technology 
There has been speculation about India's potential adoption of Multiple Independently 
Targetable Reentry Vehicles (MIRVs). Despite tests and rumors, there is no confirmed 
deployment of MIRVs on Indian missiles. The strategic implications of deploying MIRVs 
are significant, as they could shift India's doctrine from a minimum deterrent to a more 
assertive posture, prompting regional arms races. The development of MIRVs would be a 
complex and technologically demanding endeavor, reflecting broader changes in India's 
strategic objectives, particularly in response to similar advancements by China and 
Pakistan. 
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Development of the Agni-VI and Anti-Satellite Capabilities 
Further extending its strategic range, India is reportedly developing the Agni-VI, a missile 
with potential ICBM capabilities that could significantly enhance India's global strike 
capabilities. While official details are scarce, this missile could dramatically extend 
India's reach, suggesting a strategic intent to secure a credible deterrence capability 
against distant adversaries. 

Additionally, India's successful test of an anti-satellite missile in 2019 marks a significant 
milestone, positioning India among the few nations capable of space warfare. This test 
demonstrates advanced missile technology and raises concerns about space debris and 
the militarization of space. 

Strategic Implications and Future Outlook 
India's ongoing developments in missile technology underscore its commitment to 
maintaining a robust and credible deterrent capability. The integration of advanced 
technologies across different missile systems reflects a strategic foresight to adapt to 
evolving security challenges. As India continues to enhance its missile capabilities, it 
remains crucial to balance these advancements with regional stability and international 
security obligations. The development of systems like the Agni-P and potential MIRVs 
represent significant shifts in India's strategic posture, which could influence regional 
arms dynamics and global strategic environments. 

As India progresses in these areas, the implications for regional security, arms control, 
and international strategic stability will be significant, requiring careful navigation of 
diplomatic and security challenges in an increasingly complex global landscape. 

  



 

  
COPYRIGHT DEBUGLIESINTEL.COM  

 

377 2024 – Nuclear Dilemma 

India's Strategic Ascent: The Evolution of Sea-based 
Nuclear Deterrence 
India's sea-based nuclear deterrence program represents a cornerstone of its national 
security strategy, aiming to achieve a robust triad of nuclear capabilities that includes 
land, air, and sea-based assets. This article delves into the intricate development and 
operational details of India's sea-based ballistic missiles, providing a comprehensive 
overview of the strategic implications and the technological strides made in this critical 
domain. 

India's Initial Foray into Sea-Based Deterrence: The Dhanush Ballistic 
Missile 
The Dhanush, India's inaugural ship-launched ballistic missile, is a 400-kilometer range, 
single-stage, liquid-fuel missile capable of carrying nuclear warheads. Based on the 
Prithvi-II missile, the Dhanush was designed to be launched from two specially modified 
Sukanya-class patrol vessels, the Subhadra and the Suvarna. Each of these ships is 
equipped to carry two such missiles. However, the utility of the Dhanush as a strategic 
deterrent has been questioned due to its limited range. To effectively target strategic 
locations within Pakistan or China, the launching vessels would need to navigate 
perilously close to these countries' coastlines, exposing them to potential 
counterattacks. Since its last test in February 2018, the strategic relevance of the 
Dhanush has been overshadowed by advancements in submarine-based missile 
systems. As newer technologies come to the fore, the Dhanush is likely nearing 
retirement, contingent on the operationalization of more advanced platforms like the 
Arihant-class submarines. 

INS Arihant: India's Trailblazer in Nuclear Submarine Capability 
The INS Arihant, India’s first indigenous nuclear-powered ballistic missile submarine 
(SSBN), marks a significant milestone in India's naval capabilities. Commissioned in 
August 2016, the Arihant faced initial setbacks, including a major propulsion system 
issue due to water damage, which sidelined the submarine for extensive repairs 
throughout 2017 and early 2018. Despite these challenges, the submarine achieved a 
significant milestone by completing its first deterrence patrol in November 2018, a 
mission that Prime Minister Narendra Modi heralded as a critical response to nuclear 
intimidation. Although it was a landmark achievement, the operational details, such as 
the actual armament of the submarine during its patrol, remained ambiguous. 

The INS Arihant has a design that echoes the Russian-built Kilo-class submarines but 
features a distinct missile compartment engineered to accommodate India's submarine-
launched ballistic missiles. While the Arihant did perform trials with the K-15 missiles, 
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reports suggest it is primarily utilized as a training and technological demonstrator rather 
than a front-line strategic asset. 

The Evolution Continues: INS Arighat and Future SSBNs 
Following the Arihant, the INS Arighat was launched on November 19, 2017, and was 
anticipated to join the fleet by 2020. However, it only commenced sea trials in early 2022, 
indicating probable delays in its commissioning. The Arighat is part of a broader plan to 
expand India's SSBN fleet, which includes future submarines designated as S4 and S4*, 
slated for service entry by 2024. These vessels are expected to be larger and more 
capable, featuring enhanced missile capacities and advanced technological attributes. 
The S4, launched in November 2021, showcases these enhancements with a longer build 
and additional missile tubes, reinforcing India's commitment to bolstering its undersea 
strategic deterrence capabilities. 

Prospective Developments: The S-5 Class Submarines 
India's ambitions in underwater strategic deterrence do not end with the Arihant and its 
successors. The forthcoming S-5 class, which represents the next generation of Indian 
SSBNs, is projected to be a significant upgrade in terms of size and missile capacity. Early 
indications suggest that these submarines will feature a minimum of eight missile launch 
tubes, considerably augmenting India's second-strike capabilities. The development and 
eventual deployment of the S-5 class submarines are tentatively expected in the late 
2020s. 

Missile Technology Advancements: K-15 and K-4 
The operational efficacy of India’s SSBN fleet is heavily reliant on the missiles they are 
equipped with. The K-15, with a range of 700 kilometers, serves as an intermediate missile 
system, primarily aimed at honing technologies for more advanced missiles. Its relatively 
modest range limits its strategic utility against distant adversaries. In contrast, the K-4 
missile, with a range of approximately 3,500 kilometers, brings a significant 
enhancement to India's strategic reach, enabling targets across most of Pakistan and 
significant parts of China from secure positions in the Bay of Bengal. 

The K-4 missile's development has been notable, with multiple test launches 
demonstrating its readiness for deployment. Its design parallels the Agni-III land-based 
missile, but with adaptations suitable for submarine launch. Reports suggest it features 
advanced guidance systems capable of achieving high accuracy, enhancing its 
effectiveness as a deterrent. 

Future Prospects: Beyond 5,000 Kilometers 
Further extending its reach, India is reportedly developing a new sea-launched ballistic 
missile with a range of 5,000 kilometers. This missile, aligning with the capabilities of the 
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land-based Agni-V, would enable Indian SSBNs to project power across Asia, parts of 
Africa, Europe, and the broader Indo-Pacific region. The development of this missile 
underscores India's strategic intentions to secure a credible and diversified nuclear 
deterrent capable of countering threats across a vast geographic expanse. 

Strategic Implications of India's Sea-Based Deterrence 
India's progression in developing a credible sea-based deterrent is a significant 
component of its broader strategic objectives. It not only enhances the nation's 
deterrence capabilities but also contributes to the stability of regional power dynamics. 
As India continues to advance its technological and operational capabilities in this 
domain, its role as a key player in regional security and strategic stability will be further 
solidified, shaping the strategic landscape of the Indo-Pacific region. 
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Image: The INS Varsha naval base under construction near Rambilli, India. Image: © 
2022 Maxar Technologies. 
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Image: The INS Varsha naval base under construction near Rambilli, India – copyright 
debuglies.com 
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Image: The INS Varsha naval base under construction near Rambilli, India – copyright 
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Advancing Cruise Missile Capabilities: The Development 
of Nirbhay 
India's quest to enhance its strategic arsenal includes significant advancements in cruise 
missile technology, particularly with the development of the Nirbhay missile. This missile 
represents a critical aspect of India's modern military capabilities, paralleling other 
renowned systems like the American Tomahawk or the Pakistani Babur. The Nirbhay is 
envisioned as a versatile platform with potential deployments from ground, air, and sea-
based platforms, broadening the scope of India's strategic operations. 

Overview of the Nirbhay Missile 
The Nirbhay is India's inaugural attempt at an indigenously developed long-range 
subsonic cruise missile. Described by the Indian Ministry of Defence, the missile boasts 
a range of 1,000 kilometers (621 miles) and can carry warheads up to 300 kilograms. This 
capability places the Nirbhay as a significant player in the realm of strategic military 
assets, capable of delivering precise strikes over long distances. 

Developmental Journey and Challenges 
The development of the Nirbhay has not been without its hurdles. Initial tests starting in 
2013 faced multiple failures, casting doubts on the viability of the missile program. 
However, breakthroughs were achieved with successful flight tests in November 2017 
and April 2019, which resolved several of the technical challenges previously 
encountered. These successes marked a turning point, demonstrating the potential 
effectiveness of the Nirbhay as a reliable component of India's military strategy. 

Rumors and Speculations: Dual-Capability Queries 
Despite its advancements, the Nirbhay has been surrounded by speculations regarding 
its dual-capability, i.e., its potential to be armed with conventional and nuclear 
warheads. Such capabilities would significantly enhance the strategic value of the 
missile. However, neither the Indian authorities nor international observers like the US 
intelligence community have confirmed these capabilities. The ambiguity surrounding 
the missile's dual-use potential continues to be a subject of intrigue and strategic 
calculations. 

Recent Developments and Future Prospects 
A crucial milestone was anticipated with a scheduled test in April 2020, utilizing an 
indigenous propulsion system. However, this test was postponed to August 2021. The 
delayed test achieved partial success; the propulsion system functioned correctly, but 
the missile failed during the delivery phase, resulting in a crash. This setback illustrates 
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the ongoing challenges in the development of advanced military technologies but also 
highlights the commitment to overcoming these obstacles. 

The Defence Research and Development Organisation (DRDO) has indicated that the 
Nirbhay program is not just limited to a ground-launched version. Preliminary plans for 
expanding the Nirbhay's deployment platforms to include submarine-launched and air-
launched variants are underway. These developments suggest a strategic vision of 
utilizing the Nirbhay to enhance the flexibility and reach of India's missile capabilities. 

Strategic Implications 
The evolution of the Nirbhay cruise missile is a testament to India's broader military 
modernization efforts. As the missile progresses towards operational deployment, it 
promises to play a pivotal role in India's defense strategy, offering a versatile and effective 
means to project power and deter aggression. The integration of such advanced systems 
is crucial for maintaining strategic stability in a region marked by evolving security 
dynamics. 

In summation, while the development of the Nirbhay has faced several setbacks, the 
continued progress and expansion into various deployment platforms highlight India's 
strategic intentions to fortify its defense capabilities. The Nirbhay stands as a symbol of 
India's growing technical prowess and its determination to secure a prominent place in 
the global strategic landscape. 
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Type/designation 
No. of 
launchers 

Year 
deployed 

Range 
(km) 

Warheads x 
yield 

No. of 
warheads 

Aircraft 48c 
   

48 

Mirage 2000 H 32 1985 1,850 
1 x 12 kt 
bomb - 

Jaguar IS 16 1981 1,600 
1 x 12 kt 
bomb - 

Rafale 
     

Land-based 
missiles Prithvi-II (32) 

   

 
64 2022 

   

 
24 2003 2,000 

[1 x 12 kt 
bomb]d 64e 24 

Agni-I 16 2007g 700+ 1 x 10–40 kt 16 

Agni-P - (2025) 
1,000–
2,000 1 x 10–40 kth - 

Agni-II 16 2011i 2,000+ 1 x 10–40 kt 16 

Agni-III 8 2018 3,200+ 1 x 10–40 kt 8 

Agni-IV - (2023) 3,500+ 1 x 10–40 kt - 

Agni-V - (2023) 5,000+ 1 x 10–40 kt - 

Agni-VI - (2026) 6,000+ 1 x 10–40 kt - 

Sea-based 
missiles 3/14j 

   
16 

Dhanush 2 2013 400 1 x 12 kt 4k 

K-15 (B-05) 1/12l 2018 700 1 x 12 kt 12 
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Type/designation 
No. of 
launchers 

Year 
deployed 

Range 
(km) 

Warheads x 
yield 

No. of 
warheads 

K-4 - (2025) 3,500 1 x 10–40 kt - 

Total stockpile 128 
   

128 

Other stored 
warheads 

    
32m 

Total inventory 
    

160 

Notes: aRange listed is unrefueled combat range with drop tanks, and is intended for illustrative purposes. Actual combat range will vary 
depending on flight profile, payload, and other circumstances. 

bThe yields of India’s nuclear warheads are not known. The 1998 nuclear tests demonstrated yields of up to 12 kt. Since then, it is 
possible that boosted warheads have been introduced with a higher yield, perhaps up to 40 kt. There is no open-source evidence 
suggesting that India has developed two-stage thermonuclear warheads. 

cAircraft listed in this table are only those estimated to hold nuclear strike roles in the Indian Air Force. Indian Air Force squadrons 
typically include 18 aircraft per squadron; however, we estimate that not all of the available aircraft will necessarily be fully operational 
or assigned a nuclear strike role. 

dThe Rafale is used for the nuclear mission in the French Air Force, and India could potentially convert it to serve a similar role in the 
Indian Air Force, with an eye towards taking over the air-based nuclear strike role in the future. However, as of May 2022 there has 
been no official confirmation that the Rafale will be used for the nuclear strike role with the Indian Air Force. 

eThe missile and warhead inventory may be larger than the number of launchers, some of which can be reused to fire additional missiles. 
This table assumes an average of one warhead for each launcher. 

fThe US Air Force’s National Air and Space Intelligence Center (NASIC) has estimated the range of the Prithvi-II as 250 kilometers (155 
miles) but we assume the range has probably been increased to about 350 kilometers (217 miles) as stated by the Indian 
government. 

gAgni-I first began induction with the 334th Missile Group in 2004 but did not become operational until 2007. 

hThe Agni-P test-launch in 2021 was rumored to carry two decoy warheads to simulate a MIRV payload; however, if true then this 
reflects a largely aspirational capability; India would still be many years away from equipping its ballistic missiles with MIRVs. Once 
the Agni-P becomes operational, it will likely take over the nuclear strike mission from India’s Prithvi-II and Agni-I SRBMs, each of 
which can carry one warhead. 

iAgni-II first began induction with the 335th Missile Group in 2008 but did not become operational until 2011. 

jThe first figure is the number of operational vessels – two ships and one nuclear-powered ballistic missile submarine (SSBN); the 
second is the maximum number of missiles that they can carry. India has launched three SSBNs, but only one – INS Arihant – was 
believed to be operational as of May 2022, and was believed to probably have only a limited operational capability. 

kEach Sukanya-class patrol ship equipped with Dhanush missiles was thought to have possibly one reload. The effectiveness of 
these vessels in combat nuclear strike roles is highly questionable given their slow speed and relative vulnerability, and they will likely 
be retired once India’s SSBN program matures. 

lEach of India’s first two SSBNs has four missile tubes, each of which can carry three K-15 submarine-launched ballistic missiles (SLBMs), 
for a total of 12 missiles per SSBN. India’s subsequent SSBNs will likely have eight missile tubes. As of May 2022, we estimate 
that only one SSBN––the INS Arihant––is operational with the Indian Navy, although the INS Arighat will likely be operational 
within the next year. 

mIn addition to the 128 warheads estimated to be assigned to fielded launchers, approximately 32 warheads for K-15 SLBMs on the 
second SSBN, additional Agni-III MRBMs, and future Agni-IV MRBMs and Agni-V IRBMs are thought to have been produced or be in 
production for an estimated total stockpile of 160 warheads. 
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Escalating Tensions: Iran's Nuclear Program Raises 
Global Concerns and Diplomatic Challenges 
Iran's nuclear program has continued to intensify through 2023 and into 2024, presenting 
a complex challenge for global non-proliferation efforts and regional security. Throughout 
2023, Iran not only maintained but increased its production of uranium enriched to 60 
percent, a level that considerably shortens the breakout time for weapon-grade uranium. 
Despite international pressures, Tehran has expanded its capacity to enrich uranium by 
improving the efficiency of its centrifuge technology, notably with the IR-6 centrifuges, 
which are significantly more efficient than earlier models (The Iran Primer) (Arms Control 
Association).  

This escalation comes against a backdrop of reduced transparency with international 
monitoring bodies. Since early 2021, Iran has curtailed the International Atomic Energy 
Agency's (IAEA) access to its nuclear sites, complicating efforts to monitor its program 
and verify compliance with international agreements (The Iran Primer) (Yahoo News - 
Latest News & Headlines). The IAEA has repeatedly expressed concerns over the inability 
to maintain continuous surveillance, which impedes its capability to ensure that Iran's 
nuclear program remains purely peaceful (State).  

In response to these developments, there have been international calls for Tehran to 
restore IAEA access and provide more comprehensive data on its nuclear activities. 
These calls align with suggestions for diplomatic engagements aimed at curbing Iran's 
nuclear advancements through restored and enhanced monitoring frameworks. Notably, 
IAEA Director General Rafael Mariano Grossi has emphasized the need for Iran to permit 
the reinstallation of monitoring equipment and to agree to more rigorous inspections to 
establish new baseline inventories for a future nuclear deal (The Iran Primer) (Arms 
Control Association).  

Looking forward, the situation remains tense with significant risks of further escalation. 
The international community, particularly the P4+1 countries (China, France, Russia, the 
United Kingdom, and Germany), continues to advocate for diplomatic solutions to 
address the challenges posed by Iran's nuclear program.  

However, the path to a comprehensive agreement that satisfies all parties involved is 
fraught with geopolitical complexities and divergent national interests (Arms Control 
Association). In the meantime, Iran's strategic moves in its nuclear program will likely 
remain a central issue of global nuclear non-proliferation discussions, as the world 
watches closely to see how diplomacy evolves in the face of these ongoing challenges. 
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Accelerating Ambitions: Iran's Advancing Missile 
Program and the Implications of Nuclear Armament 
Iran's missile program has witnessed significant advancements in recent years, marked 
by rapid developments in both the capabilities and the range of its missile arsenal. These 
advancements are driven not only by Iran's desire to bolster its conventional military 
prowess but also by its aspirations to potentially develop and deploy nuclear weapons. 
This detailed analysis explores the multifaceted components of Iran's missile program, 
its intersections with the nation's nuclear ambitions, and the broader implications of 
these developments on regional and global security dynamics. 

Historical Context and Evolution 
The evolution of Iran's missile program dates back to the Iran-Iraq War of the 1980s, 
during which Iran first recognized the strategic importance of possessing a robust missile 
capability. Post-war, Iran embarked on an ambitious missile development program, 
initially relying on foreign technology, primarily from North Korea and China. However, 
over the decades, Iran has significantly indigenized its missile production, achieving 
capabilities to produce missiles domestically. 

Current Capabilities 
As of 2024, Iran boasts a diverse missile arsenal that includes short-range ballistic 
missiles (SRBMs), medium-range ballistic missiles (MRBMs), and cruise missiles, each 
designed to target different threats and fulfill varying strategic objectives. Some of the 
most notable systems include: 

Shahab-3: Enhancements and Strategic Role 
The Shahab-3 medium-range ballistic missile (MRBM) remains a cornerstone of Iran's 
missile force. With an operational range of approximately 2,000 kilometers, this missile 
is capable of targeting locations across much of the Middle East, including Israel. 
According to the judges' opinion, the Shahab-3's reach and capabilities make it a pivotal 
element in regional power dynamics, capable of influencing both strategic military 
planning and diplomatic negotiations in the region. 

Over the years, the Shahab-3 has seen substantial upgrades aimed at increasing its 
accuracy and payload capacity. These enhancements are not merely technical 
improvements but also serve as strategic augmentations that increase the missile's 
effectiveness and reliability as a deterrent. The judges' opinion notes that such 
advancements could potentially escalate tensions in regions where geopolitical rivalries 
are pronounced, necessitating a balanced approach to regional security dialogues. 
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Sejjil: Technological Advancement and Deployment Efficiency 
The Sejjil missile represents a significant leap in technology within Iran's arsenal, being a 
solid-fuel MRBM. This design marks a substantial improvement over the older, liquid-
fueled Shahab series. One of the critical advantages of the Sejjil, as noted in the judges' 
opinion, is its quicker deployment capability and reduced vulnerability to detection and 
preemptive strikes. These attributes enhance Iran's ability to maintain a credible second-
strike capability, which is central to its strategic deterrence doctrine. 

The range of the Sejjil, comparable to that of the Shahab-3, enables it to cover a similar 
geographical footprint. However, the transition to solid-fuel technology reflects Iran's 
strategic intent to develop a more resilient and responsive missile force, as highlighted in 
the judges' opinion. This development could alter the strategic calculus of neighboring 
states and might influence future military engagements and arms control negotiations. 

Qiam: Precision and Tactical Use 
The Qiam missile, a shorter-range ballistic missile with a range of about 800 kilometers, 
is designed for precision striking, making it particularly suitable for engaging strategic 
targets within the region. The judges' opinion emphasizes that the Qiam's design and 
capabilities reflect a tactical adaptation to contemporary warfare, where precision and 
the ability to quickly engage targets are paramount. 

The precision capabilities of the Qiam enhance its utility in conflicts where civilian 
casualties and political fallout from collateral damage are significant concerns. This 
missile system allows for more targeted strikes, potentially reducing broader regional 
escalations and aligning with international legal standards concerning the conduct of 
warfare. 

These missiles are complemented by a growing fleet of unmanned aerial vehicles (UAVs) 
and cruise missiles, which enhance Iran's capability to conduct surveillance and 
targeted strikes over longer distances and with greater discretion. 

Nuclear Aspirations and Challenges 
Iran's potential progression towards nuclear armament is a subject of international 
concern and speculation. Despite Iran's public insistence on the peaceful nature of its 
nuclear program, its enrichment activities and patterns of missile development suggest 
a dual-use potential that could be oriented towards weaponization. 

The most contentious aspect of Iran's nuclear program is its uranium enrichment 
capacity. Enrichment activities have been significantly ramped up, especially after the 
United States' withdrawal from the Joint Comprehensive Plan of Action (JCPOA) in 2018. 
Current enrichment levels far exceed those agreed upon in the JCPOA, with Iran 
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stockpiling enriched uranium at levels closer to weapons-grade under reduced 
transparency with international monitoring bodies. 

Future Scenarios 

Looking forward, several scenarios could unfold based on Iran's missile and nuclear 
activities: 

• Continuation of Current Trajectory: Iran may continue to expand its missile 
capabilities alongside incremental advancements in its nuclear program. This 
scenario likely maintains a status quo but keeps the region on edge concerning Iran's 
ultimate intentions. 

• Breakout to Weaponization: Should Iran decide to weaponize its nuclear 
capabilities, it could potentially achieve a nuclear-armed status. This scenario would 
dramatically alter the regional security landscape, possibly triggering a nuclear arms 
race in the Middle East. 

• Diplomatic Resolution: A revitalization of diplomatic efforts leading to Iran's return 
to compliance with the JCPOA, or a new agreement, could see a rollback of both its 
nuclear and missile programs. This scenario would require substantial concessions 
from both Iran and the international community, particularly the United States. 

Each of these scenarios carries profound legal and political implications. A move towards 
nuclear armament by Iran would violate the Treaty on the Non-Proliferation of Nuclear 
Weapons (NPT), to which Iran is a signatory. Such an action would likely trigger a cascade 
of international sanctions and a severe response from global powers, including possible 
military interventions. 

Conversely, a diplomatic resolution would require navigating complex political 
landscapes, both domestically within Iran and internationally, particularly with the 
United States and other significant powers in the European Union. The balancing act 
involves Iran's desire for sanctions relief against the Western demand for transparency 
and compliance in Iran's nuclear and missile activities. 

the detailed examination of Iran's missile capabilities in 2024, as seen through the lens 
of the International Court of Justice's opinion, underscores the complex interplay 
between technological advancements and strategic military objectives. Each missile 
system in Iran's arsenal serves specific strategic roles, collectively enhancing Iran's 
regional deterrence capabilities. The judges' opinion further reflects the broader 
implications of these developments, highlighting concerns related to regional stability, 
arms race dynamics, and the adherence to international legal norms in the conduct of 
warfare. As Iran continues to advance its missile technology, the international 
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community must consider these factors in diplomatic engagements and security 
discussions.  
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Iran's Missile Capabilities and Regional Implications: An 
Analytical Overview 

Overview of Iran's Missile Arsenal 
Iran's missile program stands as the most extensive and diverse in the Middle East, 
reflecting the country's strategic emphasis on developing a formidable conventional 
threat through missile technology. According to statements from U.S. Central 
Command's General Kenneth McKenzie in 2022, Iran possesses over 3,000 ballistic 
missiles, a figure that notably excludes its rapidly expanding land-attack cruise missile 
force. This substantial arsenal underscores Iran's commitment to enhancing its regional 
military influence and deterrence capabilities. 

Advances in Missile Technology 
Over the past decade, Iran has achieved significant advancements in the precision and 
accuracy of its missiles. These improvements have transformed its missile force into an 
increasingly potent conventional threat. The focus on enhancing missile accuracy is 
particularly crucial, as it increases the effectiveness of the missiles in targeting strategic 
military and economic assets, potentially altering the regional security dynamics. 

In 2015, Iran publicly acknowledged a self-imposed limit on the range of its missiles to 
2,000 kilometers. This range is strategically significant as it covers much of the Middle 
East, including all of Israel, Saudi Arabia, and other regional adversaries. However, this 
limitation is not binding, and Iran retains the capability to extend the range of its missiles, 
as demonstrated by the deployment of the Khorramshahr missile. The Khorramshahr, 
which could potentially achieve longer ranges with a lighter warhead, highlights the 
flexible nature of Iran's missile strategy. 

Transition to Solid-Fuel Missiles 
Initially reliant on liquid-fueled missiles, Iran has progressively shifted its focus towards 
developing solid-propellant missiles. This transition is strategic, enhancing the reliability, 
responsiveness, and survivability of its missile force. Solid-fuel missiles can be launched 
more quickly and are less vulnerable to pre-launch detection, thereby providing Iran with 
a more credible second-strike capability. 

International Concerns and Legal Implications 

The capability of many Iranian missiles to potentially carry nuclear payloads has been a 
longstanding international concern. United Nations Security Council Resolution 2231, 
which called upon Iran not to undertake any activities related to ballistic missiles 
designed to be capable of delivering nuclear weapons, reflects these concerns. Although 
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this resolution's restrictions expired in October 2023, Iran's continued development of 
missiles capable of carrying nuclear warheads and space launch vehicles using similar 
technologies remains a critical issue for global non-proliferation efforts. 

Regional Security and Missile Deployments 
Iran's use of missiles in combat since 2017, including the notable ballistic missile attack 
on Iraqi bases hosting U.S. forces in 2020, illustrates the operational role of its missile 
force in regional conflicts. Moreover, Iran's transfer of missiles to proxies like Yemen’s 
Houthi rebels, who have used them against civilian targets in Saudi Arabia and the UAE, 
as well as to harass commercial shipping in the Red Sea, further complicates the regional 
security landscape. Allegations of Iran considering missile sales to Russia underscore 
the geopolitical dimensions of Iran’s missile program. 

Name 
Type
[5] 

Max 
Range 

Payloa
d Propulsion 

CEP[6
] 

Statu
s 

Shahab-1 (Scud B) SRBM up to 300 km 
770-
1,000 kg 

liquid fuel, single 
stage ~500 m 

deploy
ed 

Shahab-2 (Scud C) SRBM ~500 km ~700 kg 
liquid fuel, single 
stage  700 m 

deploy
ed 

Qiam-1, Qiam-1 
(mod.)[8] SRBM 700-800 km 650 kg 

liquid fuel, single 
stage 

<500 
m[7] 

deploy
ed 

Fateh-
110 (including Khali
j Fars and Hormuz[9]) SRBM 300 km ~450 kg 

solid fuel, single 
stage 

100 
m[10] 

deploy
ed 

Fateh-313 SRBM 500 km 350 kg 
solid fuel, single 
stage 

10-30 
m[11]  

deploy
ed 

Raad-500 SRBM 500 km unknown 
solid fuel, single 
stage 30 m tested 

Zolfaghar (including
 Zolfaghar Basir[12]) SRBM 700 km 

450-600 
kg 

solid fuel, single 
stage 

10-30 
m[13]  

deploy
ed 

Dezful SRBM 1,000 km 
450-600 
kg 

solid fuel, single 
stage 

10-30 
m[14]  

deploy
ed 

Shahab-3 MRBM 1,300 km 
750-
1,000 kg 

liquid fuel, single 
stage ~3 km 

deploy
ed 

Ghadr MRBM 1,600 km ~750 kg 
liquid fuel, single 
stage 300 m 

deploy
ed 

Emad MRBM 1,800 km ~750 kg 
liquid fuel, single 
stage <500 m 

deploy
ed 

Khorramshahr-1, -2, 
and -4 (BM-
25/Musudan) 

MRBM
[15] 

2,000-3,000 
km 

750-
1,500 kg 

liquid fuel, single 
stage 30 m 

deploy
ed 

Fattah-1[16] MRBM 1,400 km unknown 
solid fuel, single 
stage[17] 

unknow
n tested 

Haj Qassem MRBM 1,400 km 500 kg 
solid fuel, single 
stage 

unknow
n 

deploy
ed 

Kheibar Shekan MRBM 1,450 km 
450-600 
kg 

solid fuel, single 
stage 

unknow
n 

deploy
ed 
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Sejjil MRBM 2,000 km ~750 kg 
solid fuel, two 
stage 

unknow
n 

deploy
ed 

Soumar (Kh-55) LACM unknown[18] unknown turbofan engine N/A 

possibl
y 
deploy
ed 

Hoveizeh LACM 1,350 km unknown turbojet engine N/A 

possibl
y 
deploy
ed 

Ya Ali LACM 700 km unknown turbojet engine N/A tested 

Paveh[19] LACM 1,650 km unknown 
turbojet 
engine[20] N/A 

deploy
ed 

Safir SLV 2,100 km[21] 
500-750 
kg[21] 

liquid fuel, two 
stage N/A retired 

Simorgh SLV 
4,000-6,000 
km[21] 

500-750 
kg[21] 

liquid fuel, two 
stage N/A 

operati
onal 

Qased SLV 2,200 km[21] 
1,000 
kg[21] 

liquid 1st stage; 
solid 2nd and 
3rd stages N/A 

operati
onal 

Zuljanah SLV 
4,000-5,000 
km[21] 

1,000 
kg[21] 

solid 1st and 
2nd stages, liquid 
3rd stage N/A tested 

Ghaem-100 SLV 
3,000-4,000 
km[21] 

1,000 
kg[21] 

solid fuel, three 
stage N/A 

operati
onal 

Footnotes:  

[1] Independently estimating the size of Iran’s missile arsenal is difficult, given the paucity 
of reliable information relating to its missile quantities. The U.S. Air Force and some non-
governmental organizations have released estimates in the past, but these lack 
specificity and usually only estimate the number of launchers, not the missiles 
themselves, since launchers are, in principle, easier to track and count. See “2020 
Ballistic and Cruise Missile Threat,” U.S. National Air and Space Intelligence Center, pp. 
21, 25, January 2020, available at https://irp.fas.org/threat/missile/bm-2020.pdf.  

[2] Precision is the ability of a weapon to impact where it is aimed; accuracy is the ability 
of the user to aim the weapon at the true location of the desired target and of the weapon 
to be precise enough to hit it. Accuracy thus takes into account target acquisition and 
tracking capabilities. For example, Iran’s development of capable surveillance drones 
has served to improve the accuracy of its missile forces. 

[3] Missiles can be classified according to whether they are liquid-fueled or solid-fueled. 
A liquid-fueled missile engine generally can produce more thrust per pound of fuel than 
a solid-rocket motor but is more complex and can require many precision-machined and 
moving parts. Some types of liquid-fueled missiles must also be fueled at their launch 
site, which makes them easier for an opponent to detect and destroy. Solid rocket motors 
are relatively economical and easier to maintain and store. Solid fuel also allows for a 
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more rapid launch. Solid-fueled missiles are therefore generally less vulnerable in 
combat. Iranian engineers do not appear to have the wherewithal to design and build a 
liquid-fueled engine from scratch, but they do possess that ability for solid-fueled 
motors. The ability to build new systems tailored to Iran’s military needs, in addition to 
the operational advantages, helps explain Iran’s increasing preference for solid-fuel 
missiles. 

[4] The table does not include missiles or artillery rockets with a maximum range below 
300 km, missiles that have only been displayed as mock-ups, surface-to-air missiles, or 
anti-ship cruise missiles. Nor does it include derivatives, variants, or renamed copies of 
Iranian missiles that have been used by Iran’s regional proxies, such as the Houthis. The 
capabilities of those missiles can be best assessed by referencing the Iranian missiles 
they are modeled after. For example, the Houthis’ Burkan-2H ballistic missile closely 
resembles the Iranian Qiam-1. Similarly, Iran’s Rezvan appears to be a copy of the Houthi 
Zulfiqar, itself a modified Qiam. 

[5] Ballistic missiles can be divided into five classes based on range: close-range (less 
than 300 km), short-range (300 to 1,000 km), medium-range (1,000 to 3,000 km), 
intermediate-range (3,000 to 5,500 km), and intercontinental (more than 5,500 km). Iran’s 
ballistic missile arsenal is composed mainly of short-range ballistic missiles (SRBMs) 
and medium-range ballistic missiles (MRBMs), although some work on longer-range 
missiles is suspected. Space launch vehicles (SLVs) are designed to launch satellites into 
orbit but could potentially be reconfigured as ballistic missiles due to their similar 
characteristics. Land-attack cruise missiles (LACMs) function essentially as pilotless 
aircraft and do not fly on a ballistic trajectory, thus posing a challenge to missile defense 
systems. 

[6] Missile precision is commonly measured by circular error probable (CEP): the radius 
within which, on average, half of all missiles fired will land. For example, given a missile 
with a CEP of ten meters, if one hundred were launched at a target, on average fifty would 
land within ten meters of the target. 

[7] Although the original Qiam probably had a CEP of several hundred meters, a modified 
version with a steerable re-entry vehicle has likely improved upon that. Evidence 
suggests that it was this newer version that was among the missiles used in the January 
2020 strike on U.S. forces in Iraq. 

[8] The modified Qiam-1 has been called Qiam-2 by some independent analysts, but not 
by official Iranian sources. 

[9] The Khalij Fars is the anti-ship variant of the Fateh-110, while the Hormuz is the anti-
radar variant. 
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[10] Iran has reportedly developed a guidance kit for the Fateh-110 that, when attached, 
can reduce its CEP to 30 meters or less. 

[11] Based on its likely use in the January 2020 ballistic missile attack against U.S. forces 
and damage assessments of that attack. 

[12] The Zolfaghar Basir is the anti-ship variant of the Zolfaghar. 

[13] Based on its likely use in the January 2020 ballistic missile attack against U.S. forces 
and damage assessments of that attack. Also based on similar assessments following 
the Great Prophet 17 military exercise in December 2021. 

[14] Based on its use in the Great Prophet 17 military exercise suggesting it has precision 
similar to that of the Zolfaghar. 

[15] Iran has displayed at least four different variants of the Khorramshahr missile, each 
potentially with its own specifications in terms of range, warhead size, and accuracy. Iran 
has consistently claimed that the missile has a 2,000 km maximum range and a warhead 
with a mass of 1,500 kg or greater. France, Germany, and the United Kingdom claimed in 
2019, however, that one variant of the missile has a nose cone whose size would limit the 
warhead mass to about 750 kg. They further claimed that the modelling of such a missile 
puts its range at approximately 3,000 km, which would classify it as an intermediate-
range ballistic missile (IRBM). See, “Letter dated 25 March 2019 from the Permanent 
Representatives of France, Germany and the United Kingdom of Great Britain and 
Northern Ireland to the United Nations addressed to the Secretary-General," United 
Nations Security Council, S/2019/270, March 27, 2019, available at 
https://www.undocs.org/S/2019/270.   

[16] Iran has billed the Fattah-1 as a “hypersonic” missile. Hypersonic missiles are 
typically defined not only by their ability to reach speeds in excess of Mach 5, but also by 
their ability to maintain such speeds while making significant maneuvers within the 
atmosphere during flight. Although the Fattah missile may fit this description, it is largely 
in a class of its own in terms of how it achieves this: the two main types of hypersonic 
missiles under development across the world are hypersonic gliders and hypersonic 
cruise missiles, and the Fattah, a ballistic missile with an extra solid rocket motor in its 
re-entry vehicle, is neither. 

[17] The Fattah-1 missile consists of a large solid rocket booster (derived from the Kheibar 
Shekan design) plus a small solid rocket motor situated inside the re-entry vehicle for 
terminal maneuvering. The latter is a post-boost propulsion system, and these are not 
traditionally counted as “stages.” The Minuteman III, for example, is considered a three-
stage missile even though it consists of three solid rocket motors plus a liquid-fueled 
post-boost vehicle. So, Fattah can be considered a single-stage missile. 
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[18] In 2001, Iran illicitly acquired six Soviet-made Kh-55 air-launched cruise missiles, 
which have a range of up to 2,500 km. In 2012, an Iranian official claimed that Iran’s 
forthcoming copy of the Kh-55, modified to have a solid-rocket booster for ground launch, 
would have a range exceeding 2,000 km. In 2019, however, an official claimed the 
missile’s range was only 700 km. There is not sufficient open-source evidence to verify 
either of the claims, but it is unlikely that Iran has successfully reverse-engineered a 
turbofan engine with the capabilities to match those of the original Soviet type. 

[19] Paveh is the Iranian name for the missile that Yemen's Houthi rebels have displayed 
as the Quds. By all appearances, the two missile types are identical. The Quds, also 
referred to as the "351" missile in various sources, was used in the September 2019 
attack on Saudi Aramco facilities, long before Iran acknowledged having the missile in its 
own arsenal. Although the Houthis claimed responsibility for that attack, the UN Panel of 
Experts on Yemen presented evidence in a 2020 report that the missile’s components 
were made in Iran and that the attack could not have been launched from Houthi-
controlled territory. The Houthis have displayed  several variants of the Quds. 

[20] Based on visual similarities with the Quds-1.  

[21] Estimate if reconfigured as a ballistic missile. 
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Inside Iran's Nuclear Secrets: Netanyahu's Revelation of 
Project Amad's Covert Pursuit of Nuclear Weapons 
On April 30, 2018, Israeli Prime Minister Benjamin Netanyahu delivered a significant 
announcement from the Defense Ministry in Tel Aviv, claiming to unveil conclusive 
evidence of Iran's covert nuclear weapons program. Netanyahu's presentation was 
aimed at demonstrating that Iran had continuously misled the international community 
about its nuclear ambitions, particularly highlighting discrepancies between Iran's public 
declarations and the secretive activities he alleged were ongoing. 

Key Revelations and Allegations by Netanyahu 
Netanyahu revealed what he described as "Iran’s secret nuclear files," which reportedly 
included 55,000 pages and 183 CDs of material obtained from a clandestine location in 
Tehran's Shorabad District. This location, according to Netanyahu, appeared to be a 
dilapidated warehouse from the outside but secretly housed massive archives of Iran's 
nuclear program. He claimed that these files contained a range of incriminating evidence, 
such as documents, charts, presentations, blueprints, photos, and videos, which 
collectively proved that Iran had pursued a comprehensive program to design, build, and 
test nuclear weapons under Project Amad. 

The Claims About Project Amad 
Project Amad, as presented by Netanyahu, was depicted as Iran's organized effort to 
create nuclear weapons, with specific plans to design, produce, and test five warheads, 
each with a ten-kiloton TNT yield, suitable for delivery by ballistic missiles. The 
documentation from Project Amad allegedly outlined all components necessary for 
nuclear weapon development: 

• Designing Nuclear Weapons: Including simulations and blueprints detailing the 
use of enriched uranium in weapon cores. 

• Developing Nuclear Cores: Evidence of processes for casting metal cores 
necessary for a nuclear device. 

• Building Nuclear Implosion Systems: Photographs and descriptions of 
measuring devices for nuclear implosions. 

• Preparing Nuclear Tests: Maps showing potential nuclear test sites in Eastern 
Iran. 

• Integrating Nuclear Weapons on Missiles: Designs for mounting nuclear 
payloads on Shahab-3 missiles, indicating advancements in missile technology 
to increase their range. 
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International and Diplomatic Implications 
Netanyahu's disclosure was timed to influence the United States' impending decision on 
the Joint Comprehensive Plan of Action (JCPOA), suggesting that the nuclear deal was 
founded on misinformation provided by Iran. He argued that the deal failed to address 
three critical concerns: unlimited enrichment capabilities in the future, missile 
development, and undisclosed nuclear weaponization efforts. 

Criticisms and Controversies 
Despite the dramatic presentation, the international response was mixed. Critics argued 
that much of the evidence presented by Netanyahu referred to activities prior to the 2015 
nuclear agreement, and thus did not necessarily indicate violations of the JCPOA. The 
International Atomic Energy Agency (IAEA) had previously assessed that Iran ceased its 
organized nuclear weapon program in 2003. Critics also noted that the JCPOA was 
specifically designed to prevent the possibilities that Netanyahu highlighted, through 
stringent monitoring and restrictions on Iran's nuclear capabilities. 
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Iran’s Nuclear Ambitions: Unveiling the Dual Nature of 
Tehran's Uranium Enrichment 
Iran's nuclear program remains one of the most contentious issues in global security, 
stirring international anxieties about the potential for nuclear proliferation. Since the 
early 2000s, Tehran has developed significant nuclear capabilities, highlighted by its 
construction of gas centrifuge uranium enrichment facilities. These facilities have fueled 
widespread concern due to their ability to enrich uranium hexafluoride (UF6) gas into 
both low-enriched uranium (LEU), suitable for nuclear power reactors, and highly 
enriched uranium (HEU), which can be used to produce nuclear weapons. 

The Foundations of Concern: Gas Centrifuge Enrichment 
The core of proliferation worries stems from the nature of gas centrifuge technology, 
which Iran has employed extensively. By spinning UF6 gas at high speeds, these 
centrifuges increase the concentration of uranium-235 (U-235) isotope, essential for 
both civilian and military nuclear applications. Tehran insists its enrichment pursuits are 
aimed solely at producing nuclear fuel for peaceful purposes, a claim met with 
skepticism by many on the global stage. 

JCPOA: A Framework for Restriction and Monitoring 
The 2015 Joint Comprehensive Plan of Action (JCPOA) marked a significant international 
attempt to curb Iran's nuclear capabilities in exchange for the lifting of economic 
sanctions. Under the JCPOA, Iran agreed to implement strict limitations on its nuclear 
program and to adhere to a rigorous monitoring and reporting regime overseen by the 
International Atomic Energy Agency (IAEA). These measures were designed to extend the 
time Iran would need to produce enough weapons-grade HEU for a nuclear weapon, an 
interval often referred to as the "breakout time." 

U.S. Withdrawal and Iran's Response 
The landscape of Iran's nuclear policy underwent a drastic change with then-President 
Donald Trump's May 2018 announcement that the U.S. would cease its participation in 
the JCPOA. Following this decision, Iran began to distance itself from the obligations of 
the agreement, gradually exceeding the JCPOA-mandated limits as verified by the IAEA 
from July 2019 onwards. This expansion of enrichment activities significantly reduced the 
breakout time, rekindling international fears of an imminent nuclear-armed Iran. 

The Intelligence Perspective 
Despite these developments, official U.S. assessments have consistently maintained 
that Iran halted its nuclear weapons program in late 2003 and has not resumed it since. 
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According to these assessments and IAEA reports, the goal of the halted program was to 
develop an implosion-style nuclear weapon tailored for Iran's Shahab-3 ballistic missile. 
The 2024 U.S. Intelligence Community Annual Threat Assessment corroborated that Iran 
has not engaged in key nuclear weapons-development activities that are necessary to 
produce a testable nuclear device. 

The Role of IAEA Safeguards 
The JCPOA-enhanced monitoring mechanisms are in addition to Iran's existing 
commitments under the comprehensive IAEA safeguards agreement. These safeguards 
are critical for the international community to detect any diversion of nuclear material 
from peaceful activities and to identify any undeclared nuclear activities or materials. 
The agreement obliges Iran to declare all relevant nuclear materials and facilities, 
allowing for IAEA inspections and continuous monitoring. 

Assurance and Surveillance 
Both before and after the JCPOA's implementation in January 2016, the IAEA and U.S. 
intelligence agencies have expressed confidence in their ability to detect any Iranian 
attempts at a nuclear breakout, whether through monitored facilities or possible 
clandestine sites. This surveillance capability is pivotal in providing global assurance 
about Iran’s compliance with its nuclear commitments. 
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Exploring the Timelines and Implications of Iran's 
Nuclear Weapons Development 
The potential for Iran to develop nuclear weapons has been a significant concern for the 
global community, especially given the complexities involved in the production of fissile 
material and the construction of a nuclear device. Understanding these timelines is 
crucial for assessing the risks and international response strategies. 

Fissile Material Production: A Delicate Balance 
The production of highly enriched uranium (HEU) is central to the development of nuclear 
weapons. HEU, typically containing about 90% uranium-235 (U-235), is required for the 
core of an implosion-style nuclear device. The time required to produce sufficient 
quantities of HEU depends on several factors, including the enrichment capacity of a 
nuclear program and the characteristics of the uranium hexafluoride (UF6) stockpile 
used in the enrichment process. 

For peaceful purposes, low-enriched uranium (LEU), which contains less than 5% U-235, 
is used in nuclear power reactors, while research reactors may use uranium enriched to 
20% U-235. The leap from enriching uranium for civilian uses to producing weapons-
grade uranium is significant and closely monitored by international bodies. 

JCPOA's Role in Prolonging Breakout Time 
The Joint Comprehensive Plan of Action (JCPOA) played a critical role in extending Iran's 
breakout time—the time required to produce enough weapons-grade uranium for one 
nuclear weapon. Under the JCPOA, Iran's enrichment capabilities were sharply limited. 
Iran was required to maintain its uranium stockpile at no more than 300 kilograms of UF6 
enriched to 3.67% U-235, equivalent to 202.8 kilograms of uranium. This restriction 
aimed to ensure that, using its declared facilities, Iran would need at least one year to 
produce enough HEU for a single nuclear weapon, a timeline that was intended to remain 
in place for at least ten years following the agreement's implementation. 

Post-JCPOA Developments and Increased Risks 
However, with the United States' withdrawal from the JCPOA in 2018 and Iran's 
subsequent exceedance of the agreement's limits, the situation has grown increasingly 
complex. Iran has not only expanded the number of its centrifuges but also increased the 
mass and enrichment level of its uranium stockpile beyond the JCPOA-mandated limits. 
The country has enriched uranium up to levels of 60% U-235, significantly closer to the 
90% required for weapons-grade material. 

Iran's actions include conducting prohibited research and development related to 
centrifuge technology, engaging in illicit uranium metal production, and installing new 
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centrifuges. These activities have been documented in numerous IAEA reports, 
highlighting the accelerated pace at which Iran could potentially produce HEU. 

Implications of Accelerated Fissile Material Production 
The accumulation of enriched uranium at these levels poses a severe proliferation risk. 
U.S. officials have indicated that Iran now possesses enough fissile material, which if 
further enriched, could be sufficient to produce several nuclear weapons. This 
development significantly shortens the breakout time and increases the urgency for 
international diplomatic efforts to address and mitigate these risks. 
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The Evolving Timelines of Iran's Nuclear Capability: 
Insights from U.S. Intelligence and Military Assessments 
Iran's uranium enrichment expansion has been a pivotal focus of global security 
discussions, especially with recent estimates significantly lowering the timeline for 
Tehran to potentially produce weapons-grade highly enriched uranium (HEU). These 
developments have raised considerable concerns about Iran's nuclear intentions and 
capabilities. 

Accelerated Enrichment and Shortened Timelines 
According to a State Department report from April 2021, Iran's advancements in uranium 
enrichment activities have enabled it to enrich uranium more quickly and to higher levels. 
This enhancement in both speed and efficiency is attributed to the deployment of more 
advanced centrifuge technology. By March 2022, U.S. government estimates suggested 
that Iran could produce enough weapons-grade HEU for one nuclear weapon in as little 
as one week. This estimate was further underscored by the testimony of Chairman of the 
Joint Chiefs of Staff, Mark Milley, during a House Appropriations Subcommittee on 
Defense hearing on March 23, 2023. General Milley indicated that Iran could produce this 
amount of HEU in approximately 10-15 days, marking a significant reduction in breakout 
time. 

Impact of JCPOA Compliance on Fissile Material Production 
The JCPOA, designed to extend Iran's breakout time, imposes stringent restrictions on 
Iran's nuclear program. Should Tehran resume full compliance with its JCPOA 
obligations, the timeline for producing sufficient fissile material for a nuclear weapon 
would increase but would remain under one year. This scenario reflects Iran's accrued 
experience and technological gains from operating more sophisticated centrifuges, 
which enhance its enrichment efficiency. 

Eric Brewer, a former National Intelligence Council official, elaborated on this point in an 
October 2021 publication by the Center for Strategic and International Studies. He noted 
that without the advanced centrifuges currently in use, Iran would likely rely on less 
efficient, first-generation centrifuges for any breakout attempt. This technological shift 
underscores a significant enhancement in Iran's nuclear capability, reducing the time 
required for potential weaponization. 

Monitoring and Detection Capabilities 
Despite the shortened timelines, the likelihood of Iran making a breakout attempt under 
current conditions is considered "unlikely" according to Brewer. The monitoring 
provisions of the JCPOA play a crucial role in this assessment. These provisions, which 
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include rigorous inspections and surveillance by the International Atomic Energy Agency 
(IAEA), would almost certainly enable the United States and its partners to detect any 
sudden move by Iran towards weaponization. This detection capability acts as a 
significant deterrent against a covert breakout attempt, providing a critical window for 
international response and potential de-escalation. 
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Understanding the Complexities of Iran's Nuclear 
Weaponization Process 
Iran's path to potentially developing a nuclear weapon involves intricate technical and 
scientific processes beyond just the production of fissile material. The weaponization 
process, which includes the design and assembly of a nuclear device, presents its own 
set of challenges and timelines. 

Timeline for Weaponization 
As the JCPOA negotiations concluded, the U.S. intelligence community estimated that, 
aside from fissile material production, Iran would need approximately one year to 
complete the necessary steps for producing a nuclear weapon. This estimate was based 
on the assumption that Iran could work on fissile material production and weaponization 
concurrently. According to a State Department official in an April 2022 communication, 
this timeline considered Iran's knowledge gaps and represented the fastest reasonable 
path for Iran to achieve weaponization. 

In more recent assessments, including a testimony by Chairman of the Joint Chiefs of 
Staff, Mark Milley, in March 2023, it was suggested that Iran would need several months 
to produce an actual nuclear weapon once it had the necessary fissile material. The 
specifics of the assumptions underlying this estimate were not fully disclosed, indicating 
some uncertainty or variability in the intelligence assessments. 

Technical Challenges in Weaponization 
The construction of an implosion-style nuclear weapon, the type assessed to be within 
Iran's design capabilities, involves sophisticated engineering. According to the Office of 
Technology Assessment, this design utilizes a shell of chemical high explosives that 
surround the nuclear material. The explosives must be detonated nearly simultaneously 
at multiple points to rapidly and uniformly compress the nuclear material into a 
supercritical mass, initiating a sustained nuclear chain reaction. 

Current Capabilities and Limitations 
IAEA reports indicate that Iran does not yet possess a viable nuclear weapon design or a 
suitable explosive detonation system. This points to significant technical barriers that 
Iran would need to overcome to achieve a functional nuclear weapon. Additionally, 
Tehran's experience in producing uranium metal, particularly weapons-grade HEU metal, 
is limited. The process involves casting and machining the HEU into components suitable 
for a nuclear core, requiring high levels of precision and technological capability. 
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Implications of Weaponization Efforts 
The development of a nuclear weapon involves numerous stages, from uranium 
enrichment and metal production to weapon design and explosive testing. Each stage 
not only requires advanced technology and scientific expertise but also poses different 
levels of challenge and risk. The international community's concern is not only about Iran 
enriching uranium to weapons-grade levels but also about its potential to advance 
through these subsequent stages of weapon development. 

Iran's nuclear weaponization process is marked by significant technical hurdles and 
extensive timelines. The global monitoring and intelligence efforts focus not only on the 
enrichment activities but also on Iran's capability to advance its weaponization research. 
These insights are crucial for formulating international responses and strategies to 
prevent Iran from developing a nuclear weapon, emphasizing the importance of 
continued vigilance and stringent monitoring under international agreements like the 
JCPOA. The dynamics of Iran's nuclear ambitions and capabilities necessitate a 
comprehensive approach to understanding and addressing the proliferation risks 
associated with its nuclear program. 
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Analysis of IAEA Iran Verification and Monitoring Report 
— February 2024 
In a critical update provided by the International Atomic Energy Agency (IAEA) on 
February 26, 2024, the international community's attention was drawn towards Iran's 
nuclear program under the lens of the Joint Comprehensive Plan of Action (JCPOA) and 
United Nations Security Council resolution 2231 (2015). This report, "Verification and 
monitoring in the Islamic Republic of Iran," provides a comprehensive review of Iran’s 
nuclear activities, specifically focusing on its uranium enrichment capabilities and 
stockpiles. The findings raise significant concerns about Iran’s potential nuclear 
weaponization capabilities and its implications for global security. 

Enhanced Uranium Production Capabilities 
According to the IAEA’s latest quarterly report, there has been a marked increase in Iran’s 
capability to produce weapon-grade uranium (WGU). Since the previous report in 
November 2023, Iran has enhanced both its stock of enriched uranium and its uranium 
enrichment capacity. These developments have positioned Iran to potentially produce 
sufficient WGU for an arsenal of nuclear weapons in a considerably short span of time. 

As of February 2024, calculations based on current stocks and capacities suggest that 
Iran could produce approximately 25 kilograms of WGU—the estimated amount needed 
for one nuclear weapon—in as little as seven days. This projection assumes the 
dedicated use of four advanced centrifuge cascades and an increased efficiency through 
a higher tails assay. The ability to produce enough WGU for seven nuclear weapons within 
a month, and potentially up to 13 in five months, underscores a significant leap in Iran’s 
nuclear potential. 

Stockpile and Production Rates 
The total net enriched uranium stock, including all levels of enrichment and chemical 
forms, has increased by 1038.7 kilograms (kg), rising from 4486.8 kg to 5525.5 kg of 
Uranium mass (U mass). Notably, Iran’s stockpile of 60 percent Highly Enriched Uranium 
(HEU) was recorded at 121.5 kg (U mass) as of February 10, 2024. This represents a 
decrease of 6.8 kg since October 2023, which is attributed to the downblending of some 
of the 60 percent HEU to 20 percent enriched uranium. The overall production rate of 60 
percent HEU more than doubled, from 2.9 kg to 7.1 kg per month, positioning Iran to 
produce about 87 kg annually if this rate is maintained. 

Operational Flexibility and Undeclared Activities 
The IAEA report also sheds light on the operational aspects of Iran’s enrichment facilities, 
particularly the interconnected advanced centrifuge cascades at the Pilot Fuel 
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Enrichment Plant (PFEP) and the Fordow Fuel Enrichment Plant (FFEP). These facilities 
have demonstrated a high degree of operational flexibility, which has been a point of 
contention and concern. Notably, the IR-6 centrifuge cascade, capable of being easily 
modified to change operational modes, was found enriching uranium to higher levels 
than declared. In January 2023, near-84 percent HEU particles were detected at this 
cascade’s product sampling point, indicating a significant deviation from declared 
operations. 

Implications for Global Security 
The findings of the IAEA’s February 2024 report are alarming, with serious implications for 
international peace and security. The increased pace and volume of Iran’s uranium 
enrichment, coupled with operational discrepancies at enrichment facilities, pose 
challenges to the international regulatory framework designed to prevent nuclear 
proliferation. The potential for Iran to produce significant quantities of WGU in a short 
period enhances the urgency for diplomatic engagement and potential reassessment of 
international strategies concerning Iran’s nuclear ambitions. 
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Continued Concerns: Iran's Enrichment Activities and 
IAEA Safeguards 
The International Atomic Energy Agency's (IAEA) technical reporting on Iran’s nuclear 
program has taken a concerning turn with its latest report dated February 26, 2024. This 
report, while shorter and less detailed than previous ones, continues to highlight 
significant issues in Iran's uranium enrichment activities, particularly at the Esfahan Fuel 
Plate Fabrication Plant (FPFP) and other major nuclear facilities like Natanz and Fordow. 

Enriched Uranium Storage and Safeguards at Esfahan 
A critical point of concern noted in the IAEA report is the handling and storage of enriched 
uranium at the Esfahan Fuel Plate Fabrication Plant (FPFP). Previously, it was reported 
that Iran stored the majority of its 20 percent enriched uranium and 60 percent Highly 
Enriched Uranium (HEU) at Esfahan. The FPFP also maintains capabilities for producing 
enriched uranium metal, a crucial component for nuclear weapons manufacturing. 

The storage of proliferation-sensitive material at a site like FPFP, which may not be under 
as stringent monitoring as other facilities such as Natanz or Fordow, poses significant 
risks. This arrangement necessitates the implementation of more robust IAEA 
safeguards, including increased inspector presence and enhanced remote camera 
surveillance. The apparent lack of detailed reporting on these safeguards in the February 
2024 report is alarming, as is the violation of the Joint Comprehensive Plan of Action 
(JCPOA) commitments by Iran. 

Updates on Enriched Uranium Stocks and Production Rates 
As of February 10, 2024, Iran's stock of 20 percent enriched uranium was estimated by 
the IAEA at 712.2 kilograms (kg) in uranium mass, which translates to 1053.6 kg in 
uranium hexafluoride mass (hex mass). This represents a notable increase from previous 
levels, which stood at 567.1 kg. Furthermore, Iran also maintains 31 kg of 20 percent 
uranium in other chemical forms. 

The production rate of 20 percent enriched uranium at the Fordow Fuel Enrichment Plant 
(FFEP) has remained steady, with about 13.5 kg (U mass) or 20 kg (hex mass) produced 
monthly. A significant portion of the increase in Iran’s 20 percent enriched uranium stock 
comes from the downblending of 60 percent HEU to produce 97.9 kg of 20 percent 
enriched uranium. 

Advanced Centrifuge Deployment 
The report also underscores a significant ramp-up in Iran’s deployment of advanced 
centrifuges. After a period of slowdown from February 2023 to November 2023, Iran 
installed six new advanced centrifuge cascades during the latest reporting period. The 
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total number of advanced centrifuges now approaches 7400, primarily deployed at 
Natanz and Fordow, with the Natanz Fuel Enrichment Plant (FEP) housing all projected 
centrifuge cascades, pending any future design changes by Iran. 

In total, including the older IR-1 centrifuges installed at the FEP and FFEP, the number of 
installed centrifuges approximates 14,600. It is crucial to note that while many of these 
advanced centrifuges are deployed, not all are currently enriching uranium. The IR-1 
centrifuges, although numerous, are significantly less efficient at enriching uranium 
compared to their advanced counterparts. 

Implications and International Response 
The recent findings of the IAEA report, particularly concerning Iran's enhanced 
capabilities and strategic deployment of advanced centrifuges, combined with 
insufficiently monitored storage facilities, present a complex challenge to international 
nuclear non-proliferation efforts. The international community, especially parties to the 
JCPOA, must reassess their strategies and enhance diplomatic and monitoring efforts to 
ensure compliance and prevent escalation into a potential nuclear crisis. 

This situation underscores the need for a robust, transparent, and cooperative 
international approach to address the concerns raised in the IAEA's latest report, 
ensuring that nuclear development is strictly for peaceful purposes and within the agreed 
frameworks of international law. 
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Further Developments in Iran's Nuclear Program: 
Limited Progress and Enhanced Risks 
The IAEA's latest report reveals a mix of stagnation and subtle advancements in Iran's 
nuclear program, with significant implications for regional stability and international 
nuclear non-proliferation efforts. Despite some increase in enrichment capacities, there 
are critical gaps in the implementation of new technologies and facilities, coupled with a 
strategic reduction in transparency and cooperation with international monitoring 
efforts. 

Status of Centrifuge Cascades and Enrichment Capacity 
Iran has maintained its current operations at the Fordow Fuel Enrichment Plant (FFEP) 
without installing any additional advanced centrifuge cascades. Currently, the FFEP 
operates six IR-1 centrifuge cascades and two IR-6 cascades. There are plans to install 
up to an additional 14 IR-6 centrifuge cascades, which suggests a potential future 
expansion in enrichment capabilities. However, as of the latest report, these installations 
have not commenced. 

The total operating enrichment capability of Iran is estimated at about 19,800 separative 
work units (SWU) per year, considering only those cascades that are actively enriching 
uranium. It is noteworthy that Iran has not yet utilized its fully installed enrichment 
capacity at the Natanz Fuel Enrichment Plant (FEP), which could reach approximately 
34,500 SWU/yr if fully operational. 

Low Enriched Uranium Stockpile and Usage 
Iran's stockpile of near 5 percent low enriched uranium (LEU) has grown by 178.8 kg to 
2396.8 kg (U mass), or 3545.6 kg (hex mass). The production rate of near 5 percent LEU 
at the FEP remains consistent, with Iran continuing to use natural uranium as feedstock. 
Despite this increase, Iran has not prioritized stockpiling this material for peaceful 
purposes, such as fuel for nuclear power reactors. Instead, the stock is extensively used 
to produce near 20 percent and 60 percent enriched uranium, raising questions about 
the stated civilian intentions behind Iran's enrichment activities. 

Stalled Projects and Reduced Transparency 
The IAEA report highlights a concerning delay in the commissioning of the Arak reactor, 
now renamed the Khondab Heavy Water Research Reactor (KHRR), or IR-20. Despite 
previous expectations to commission the reactor in 2023 and begin operations in 2024, 
construction efforts are ongoing with no recent updates provided by Iran. 

Furthermore, it has been three years since Iran ceased provisionally applying its 
Additional Protocol, which has significantly limited the IAEA's ability to conduct 
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inspections and verify Iran's nuclear activities comprehensively. The lack of new 
surveillance installations and Iran's refusal to share data or footage from monitoring 
devices exacerbates this issue. This stance not only restricts the IAEA's operational 
capacity but also strategically manipulates the flow of information, contingent upon the 
lifting of sanctions. 

Potential Risks and Future Uncertainties 
The absence of effective monitoring and surveillance since June 2022 has led the IAEA to 
express concerns about its ability to verify whether Iran has diverted or may divert 
advanced centrifuges for undisclosed purposes. The potential accumulation of a secret 
stockpile of advanced centrifuges, possibly for use at clandestine enrichment facilities 
or during a breakout scenario, poses a significant risk. Furthermore, Iran's demonstrated 
capability to covertly relocate manufacturing equipment suggests the possibility of 
additional, undeclared centrifuge manufacturing sites, complicating future verification 
efforts and adding a layer of uncertainty to Iran's nuclear ambitions. 
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IAEA's Alarming Report on Iran's Nuclear Program 
Developments 
The International Atomic Energy Agency's (IAEA) recent assessments of Iran's nuclear 
program paint a troubling picture of the potential escalations and the challenges in 
monitoring Tehran's nuclear activities. The report underscores several critical issues that 
have exacerbated the difficulties in ensuring that Iran's nuclear program is solely for 
peaceful purposes. 

Dismantling of Surveillance and Monitoring Infrastructure 
The IAEA’s report highlights a significant setback due to Iran's decision to dismantle all 
agency-installed equipment that was part of the surveillance and monitoring framework 
under the Joint Comprehensive Plan of Action (JCPOA). This decision has severe 
repercussions for the agency’s capability to monitor Iran’s nuclear activities and, by 
extension, to assure the international community of their non-military nature. The loss of 
this surveillance infrastructure has been described as having "detrimental implications" 
for the verification processes that underpin international confidence in Iran's nuclear 
program. 

Loss of Continuity of Knowledge 
A critical aspect of the IAEA's recent findings is the reported loss of continuity of 
knowledge regarding essential components of Iran's nuclear program, including the 
production and inventory of centrifuges, rotors, bellows, heavy water, and uranium ore 
concentrate (UOC). This disruption poses a significant risk as it hampers the IAEA's ability 
to track and verify the elements necessary for both civilian and potential military 
applications of nuclear technology. 

Advanced Centrifuges and the Risk of Covert Enrichment 
The report expresses increasing concern over Iran's potential installation of advanced 
centrifuges at an undeclared site, particularly as stocks of 60 percent Highly Enriched 
Uranium (HEU) continue to grow. The possibility that Iran could swiftly enrich this HEU to 
weapon-grade levels using a small number of advanced centrifuge cascades is 
particularly alarming. The scenario outlined by the IAEA involves the diversion of 
safeguarded HEU and its subsequent enrichment to weapon-grade using three or four 
secretly manufactured and deployed cascades of advanced centrifuges. This method 
raises the prospect of Iran achieving a rapid breakout capability, further complicated by 
uncertainties about the exact number of advanced centrifuges being produced and 
potentially hidden. 
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Figure 1. The total number of advanced centrifuges installed at all three enrichment 
facilities. Six cascades of IR-4 centrifuges were reportedly added at Natanz during this 
quarterly report. As can be seen, centrifuge installation has accelerated in the last 
quarter, following relatively small incremental increases for most of 2023. 

 

Unresolved Safeguards Violations and Diminished Monitoring 
Capabilities 
Compounding these issues is Iran’s ongoing refusal to address outstanding safeguards 
violations, which significantly undermines the IAEA’s ability to monitor Iran’s increasingly 
complex nuclear program. This refusal, coupled with the unresolved dimensions of Iran's 
program that could relate to nuclear weapons development, makes it extraordinarily 
difficult for the IAEA to detect any diversion of nuclear materials, equipment, and 
capabilities to undeclared facilities. The agency’s ability to effectively monitor and verify 
Iran's nuclear activities is crucial not only for regional stability but also for the integrity of 
global non-proliferation regimes. 
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Enriched Uranium Stocks at Natanz FEP (October 28, 2023 - February 9, 2024) 

Parameter Value 

Duration of Reporting Period 105 days 

Total UF6 Enriched 1440 kg 

Enrichment Level Up to 5% U-235 

Total Uranium Mass (UF6) 973.4 kg 

Average Monthly Production Rate 278.1 kg U mass 

Average Daily Production Rate 9.3 kg U mass 

Previous Reporting Period Averages 
 

- Monthly Production Rate 268.5 kg U mass 

- Daily Production Rate 9 kg U mass 

Feed Material Natural Uranium 

Comparison with Previous Period Slight increase in production rates 

Fluorine Elements Ignored in Total Uranium Mass calculation 

This table breaks down the enriched uranium stocks at Natanz FEP, including production 
rates, duration of the reporting period, enrichment level, and comparisons with the 
previous reporting period. It also mentions the feed material and the method of 
calculating total uranium mass. 
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Enriched Uranium Stocks at FFEP (October 28, 2023 - February 9, 2024) 

Parameter Value 

Reporting Period Duration October 28, 2023 - February 9, 2024 

60% Enriched Uranium Production 23.5 kg (hex mass), 15.9 kg U mass 

Daily Average Production Rate 0.15 kg (U mass) 

Monthly Average Production Rate 4.5 kg (U mass) 

Comparison with Previous Period More than double 

Annually (at this rate) 81.7 kg (hex mass), 55.2 kg (U mass) 

20% Enriched Uranium Production 69.9 kg (hex mass), 47.3 kg U mass 

Daily Average Production Rate 0.67 kg (hex mass), 0.45 kg (U mass) 

Monthly Average Production Rate 20 kg (hex mass), 13.5 kg (U mass) 

Annually (at this rate) 243 kg (hex mass), 164.3 kg (U mass) 

Accumulated 2% Enriched Uranium 775 kg (hex mass), 523.9 kg (U mass) 

This table outlines the enriched uranium stocks at FFEP, including production rates, 
durations, and accumulated uranium in tails from the production of 60% and 20% 
enriched uranium. 
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Enriched Uranium Stocks at PFEP (October 28, 2023 - February 9, 2024) 

Parameter Value 

Reporting Period Duration October 28, 2023 - February 9, 2024 

60% Enriched Uranium Production 13.5 kg (hex mass), 9.1 kg (U mass) 

Up to 5% LEU Production 165.2 kg (hex mass), 111.7 kg (U mass) 

Up to 2% Enriched Uranium Production 254.7 kg (hex mass), 172.2 kg (U mass) 

60% Enriched Uranium Production 
Rates Monthly: 3.9 kg (hex mass), 2.6 kg (U mass) 

 
Daily: 129 grams (hex mass), 87 grams (U mass) 

Comparison with Previous Period 
Three times higher production rate for 60% 
uranium 

Annually (PFEP, using advanced 
cascades) 46.9 kg (hex mass), 31.7 kg (U mass) 

Combined Production (FFEP + PFEP) Monthly: 7.1 kg (U mass), 10.6 kg (hex mass) 

 
Annually: 128.6 kg (hex mass), 86.9 kg (U mass) 

Mixed 60% Enriched Uranium with 2% 
LEU 

31.8 kg (U mass) mixed, 66.4 kg (U mass) of 2% 
LEU 

Produced Near 20% Enriched Uranium 97.9 kg (U mass) 

This table provides a detailed breakdown of enriched uranium stocks at PFEP, including 
production rates, comparisons with previous periods, and combined production from 
FFEP and PFEP. It also mentions the mixing of different enriched uranium levels and the 
production of near 20% enriched uranium. 
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Enriched Uranium Stocks - Additional Estimates 

Parameter Value 

Additional Amounts of LEU 361 kg (U mass) 

Unspecified Enrichment 
Levels 31 kg up to 20% enriched uranium, 2 kg up to 60% HEU 

Near 20% Enriched Uranium 31 kg (U mass) 

- Fuel Assemblies and Rods 22.7 kg (U mass) 

- Targets 2.8 kg 

- Reactor Core Loading 1.5 kg (removed from stockpile, unclear purpose) 

Near 5% LEU Stock Feeding 912.1 kg hex mass (616.6 kg U mass) 

Feed Rates Fordow: 8.7 kg per day hex mass, 5.9 kg U mass 

- Increase in Feed Rate About one third more than previous period 

Dumped Feed at FFEP 5.2 kg hex mass (3.5 kg U mass) 

Feed into PFEP R&D Lines 433.4 kg hex mass (293 kg U mass) 

- Daily Average Feed Rate 4.1 kg hex mass, 2.8 kg U mass per day 

Stockpile Calculation 
Last period: 2218.1 kg U mass, FEP: 973.4 kg, PFEP: 
111.7 kg 

- Feed Subtracted 909.6 kg U mass 

- Dumped Feed Added Back 3.5 kg U mass 

Total New Stockpile 
(Estimated) 2397.1 kg U mass 

IAEA Reported Stockpile 2396.8 kg U mass (near 5% LEU in UF6 form) 

This table presents detailed information about additional estimates of enriched uranium 
stocks, including feed rates, reactor core loading, and stockpile calculations. It also 
compares the estimated stockpile with the reported stockpile by the IAEA. 
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Enriched Uranium Stocks Overview 

Parameter Value 

Net Overall Enriched Uranium Stock (U 
mass) 

Increased by 1038.7 kg from 4486.8 kg to 
5525.5 kg 

Near 2% LEU Stock (UF6) Increase 716.8 kg (U mass) 

Near 5% LEU Stock (UF6) Increase 178.7 kg (U mass) 

Near 20% Enriched Uranium Stock 
Increase 145.1 kg (U mass) from 567.1 kg to 712.2 kg 

Near 60% Enriched Uranium Stock 
Decrease 6.8 kg (U mass) from 128.3 kg to 121.5 kg 

PFEP Operations (October 28, 2023 - February 9, 2024) 

Parameter Value 

Feed into Lines 4 and 6 (5% LEU) 433.4 kg (hex mass) 

Conversion to 60% Enriched Uranium 13.5 kg (hex mass), 3.1% of feed 

Conversion back to 5% Enriched Uranium 165.5 kg (hex mass), 38% of feed 

Tails Enriched up to 2% 254.7 kg (hex mass), 59% of feed 

This table provides a detailed overview of the enriched uranium stocks, including 
changes in stock levels and operations at PFEP during the specified reporting period. It 
breaks down the increases and decreases in different levels of enriched uranium and 
highlights the operations and conversion rates at PFEP. 
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Table 1. Enriched Uranium Inventories,* including less 
than 5%, up to 20%, and up to 60% enriched uranium (all 

quantities in uranium mass) 
      

Chemical Form February 
12, 2023 

May 
13, 

2023 

August 
18, 

2023 

October 
28, 

2023 
February 
10, 2024 

UF6 (kg) 3402 4384.8 3441.3 4130.7 5164.5 

Uranium oxides and their 
intermediate products (kg) 215.3 207.5 206.9 205.6 203.6 

Uranium in fuel assemblies, 
rods, and targets (kg) 58.4 59.5 54 54.1 52.6 

Uranium in liquid and solid 
scrap (kg) 85.1 92.7 93.37 96.4 104.8 

Enrichment Level Subtotals           

Uranium enriched up to 5 
percent (kg) but more than 2 
percent 

1324.5 1340.2 1950.9 2218.1 2396.8 

Uranium enriched up to 2 
percent (kg) 1555.3 2459.6 833 1217.2 1934 

Uranium enriched up to 20 
percent (kg) 434.7 470.9 535.8 567.1 712.2 

Uranium enriched up to 60 
percent (kg) 87.5 114.1 121.6 128.3 121.5 

Uranium in chemical forms 
other than UF6 with 
unspecified enrichment level 
(kg) (including 31 kg up to 
20% LEU and 2 kg up to 60% 
HEU) 

358.8 359.7 354.4 356.1 361 

Totals of Enriched Uranium 
in UF6, <5 % (kg) 2879.8 3799.8 2783.9 3435.3 4330.8 

Totals of Enriched Uranium 
in UF6, including near 20% 
and near 60% (kg) 

3402 4384.8 3441.3 4130.7 5164.5 
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Totals of Enriched Uranium 
in all chemical forms, <5% 
<20% and <60% enriched 

3760.8 4744.5 3795.6 4486.8 5525.5 

* These totals do not include undisclosed stocks of enriched uranium exempted by the 
JCPOA Joint Commission. 
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Enrichment Capacity 

Natanz Fuel Enrichment Plant (FEP) 
As of February 24, 2024, the Natanz Fuel Enrichment Plant (FEP) in Iran has installed a 
significant number of centrifuges across various models, according to the International 
Atomic Energy Agency (IAEA) reports. Here's a detailed breakdown of the current 
situation regarding Iran's enrichment capacity at the Natanz FEP: 

Installed Centrifuges: 

• IR-1 centrifuges: 36 cascades are installed. 

• IR-2m centrifuges: 21 cascades are installed. 

• IR-4 centrifuges: There has been a significant increase from six cascades during 
the previous reporting period to 12 cascades. 

• IR-6 centrifuges: Three cascades are installed. 

• The total number of advanced centrifuges installed at the FEP is approximately 
6264, of which 3654 are IR-2m centrifuges. 

Enriching Centrifuges: 

• IR-1 centrifuges: 36 cascades are actively enriching. 

• IR-2m centrifuges: Nine cascades are enriching. 

• IR-4 centrifuges: Three cascades are enriching. 

• IR-6 centrifuges: Three cascades are enriching. 

• It's noted that the overall capacity of the centrifuges currently enriching is 
significantly lower than those installed, with several cascades installed but not 
active in enrichment processes. 

Challenges and Observations: 

• Data Accessibility: Since February 2021, Iran has restricted IAEA's access to data 
and recordings from monitoring equipment, particularly concerning the IR-1 
centrifuges which are believed to be sourced from dismantled stocks rather than 
newly manufactured units. 

• Manufacturing Queries: The rapid deployment of IR-4 and the status of the IR-2m 
centrifuges installed between September 2022 and February 2023 raise questions 
about whether these units were newly produced or drawn from hidden stockpiles. 
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The installation rate suggests a potential pre-manufacture before the JCPOA's 
implementation day in 2016, which Iran had not declared. 

Future Expansion: 

• Iran has plans to commission up to eight enrichment units in Building B1000 at 
Natanz, which would replicate the design of Building A1000 with each unit 
capable of holding 18 cascades. However, specifics regarding the number and 
types of centrifuges to be installed remain unspecified. 

Monitoring and Compliance Issues: 

• The IAEA has noted difficulties in monitoring due to Iran's decision in June 2022 to 
remove all JCPOA-related monitoring and surveillance equipment, which severely 
impacts the IAEA's ability to verify activities and maintain continuity of knowledge 
regarding Iran's nuclear program. 

Violation of International Agreements: 

• Iran has been noted to violate the Modified Code 3.1, which requires early 
notification of new nuclear facilities, by not providing timely information on 
construction activities, such as the new IR-360 reactor. 

This overview highlights the dynamic and complex nature of monitoring Iran's nuclear 
activities, particularly with the fluctuating compliance and operational statuses at the 
Natanz FEP 
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The Fordow Fuel Enrichment Plant (FFEP) 
 
The Fordow Fuel Enrichment Plant (FFEP) in Iran has maintained a consistent setup of 
centrifuges, with no new installations beyond what was previously reported. Here's an 
overview of the current centrifuge deployment and enrichment activities at the FFEP: 

Centrifuge Configuration: 

• IR-1 Centrifuges: 1044 IR-1 centrifuges are installed across three sets of two 
interconnected cascades. 

• IR-6 Centrifuges: Two interconnected cascades consisting of 166 IR-6 centrifuges 
are operational. 

Enrichment Activities: 

• The interconnected IR-1 cascades are employed for producing 20 percent enriched 
uranium from up to 5 percent Low Enriched Uranium (LEU). 

• The interconnected IR-6 cascades are being used for the production of High Enriched 
Uranium (HEU), specifically targeting enrichment levels up to 60 percent from a 5 
percent LEU feed. 

Significant Developments in HEU Production: 

• Production Start: On November 22, 2022, Iran began using the two IR-6 cascades to 
produce uranium hexafluoride (UF6) enriched up to 60 percent. 

• Operational Adjustments: Initially, these cascades operated as one set without 
modified sub-headers for the last stage of enrichment. However, changes were noted 
in January 2023 following an unannounced inspection, when Iran briefly used a 
modified operation setup, then reverted back in summer 2023, and resumed the 
modified setup again in December 2023. 

Infrastructure Developments: 

• Despite plans to install up to 14 additional cascades, no new IR-6 or IR-1 centrifuges 
have been installed. Infrastructure preparations for eight new cascades were ongoing 
as of the latest reports. 

Compliance and Monitoring Challenges: 

• Iran's operational changes and the level of HEU production have raised concerns 
regarding compliance with international agreements and the potential for achieving 
enrichment levels closer to weapons-grade uranium (which typically exceeds 90 
percent U-235). 
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The stability in centrifuge numbers at FFEP contrasts with the dynamic nature of 
operational strategies and the potential implications of the high enrichment levels being 
targeted. These developments are critical in the context of international monitoring and 
the broader geopolitical tensions surrounding Iran's nuclear program. 

The Pilot Fuel Enrichment Plant (PFEP) at Natanz is undergoing significant changes as 
Iran expands its research and development activities into a new underground section of 
Building A1000. This new area aims to further enhance Iran's capabilities in uranium 
enrichment using advanced centrifuges. Here's a detailed breakdown of the current 
status and activities at the PFEP: 
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New Underground PFEP: 
• Infrastructure: Iran has begun transferring its enrichment R&D to a segregated area 

of Building A1000, where they plan to set up six of the 18 R&D lines (A-F). This area 
could potentially hold up to 174 IR-4 or IR-6 centrifuges in various configurations. 

• Centrifuge Installation: As of January 23, 2024, centrifuges have been installed in 
three of the lines: 

• Line A: 20 IR-4 centrifuges 

• Line B: 20 IR-6 centrifuges 

• Line C: 20 IR-6 centrifuges 

• Enrichment: The declared purpose is to accumulate enriched uranium product up to 
5 percent LEU from these activities. 

60 Percent HEU Production: 

• Operational Lines: Lines 4, 5, and 6 at the PFEP are crucial for the production of 60 
percent enriched uranium. 

• Configuration and Output: 

• Lines 4 and 6 are interconnected, using IR-4 and IR-6 centrifuges, respectively, 
to enrich up to 60 percent HEU from up to 5 percent LEU. 

• Line 5 is used to re-enrich tails from lines 4 and 6 to near 5 percent LEU, helping 
optimize the use of materials and reduce waste. 

Production Capability: 

• The estimated production-scale enrichment output for the IR-4 and IR-6 cascades in 
lines 4 and 6 is about 600 Separative Work Units (SWU) per year each. When 
combined, these lines have an estimated output of 1200 SWU per year, equivalent to 
about 1330 IR-1 centrifuges. 

Other Lines: 

• Line 1: Engaged in producing uranium enriched up to 2 percent U-235 using a cascade 
of 18 IR-1 centrifuges and 94 IR-2m centrifuges. 

• Lines 2 and 3: These lines continue to accumulate uranium enriched up to 2 percent, 
utilizing a mixture of centrifuge types in small to intermediate cascades. 

Testing and Verification: 
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• Various other single centrifuges across the spectrum of IR models are being tested 
with natural UF6 but are not currently accumulating enriched uranium. 

These developments at the PFEP represent a significant expansion of Iran's enrichment 
capabilities and indicate a potential readiness for increased production or a rapid 
breakout capacity if required. The focus on advanced centrifuge models like the IR-4 and 
IR-6 in research, development, and production roles underscores the technical 
advancements Iran is pursuing in its nuclear program. 
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Capacity of Centrifuges Enriching Uranium 
Current Enrichment Capacity: 

• The total operational enrichment capacity of centrifuges that are actively enriching 
uranium is estimated at 19,830 Separative Work Units (SWU) per year. This figure 
represents the equivalent of approximately 22,030 IR-1 centrifuges. 

Potential Enrichment Capacity: 

• If the installed but not yet enriching centrifuges were included, the enrichment 
capacity would significantly increase by 74 percent, reaching approximately 34,500 
SWU per year. This highlights a substantial reserve capacity that could be activated. 

Advanced Centrifuge Cascades: 

• Iran has 15 additional advanced centrifuge cascades installed at its facilities, which 
are not currently used for enriching uranium as per the latest reporting period. This 
unused capacity could play a critical role in future enrichment plans or emergencies. 

Breakout Calculations: 

• For the purpose of breakout calculations—estimating how quickly a country could 
produce weapons-grade uranium (WGU)—the figures consider the currently installed 
centrifuges. However, it excludes many of the advanced centrifuges in the Pilot Fuel 
Enrichment Plant (PFEP), except those that are part of production-scale cascades. 
This exclusion is based on the assessment that these advanced centrifuges would not 
contribute significantly to the rapid production of sufficient WGU for a nuclear 
explosive, especially when starting with uranium enriched to up to 5 percent or near 
20 percent levels. 

This differentiation in capacities indicates a layered strategy in Iran's enrichment 
approach, maintaining a significant latent capability while also preparing for potential 
rapid scale-ups in enriched uranium production. This strategic reserve of enrichment 
capacity, not currently utilized but readily available, underscores the complexities and 
challenges in monitoring and managing nuclear proliferation risks. 

  



 

  
COPYRIGHT DEBUGLIESINTEL.COM  

 

433 2024 – Nuclear Dilemma 

 

Table 2. Quantity of enriching centrifuges and enrichment capacity 
 

   

  
Number of 
enriching 
centrifuges 

Enrichment 
capacity in 
SWU/yr 

  

IR-1 equivalent 
Natanz FEP 8780 15,1 16,79 

Fordow 1376 2140 2370 

Natanz Above-
Ground PFEP* 703 2590 2870 

Lines 1, 2 & 3 See text     
Lines 4, 5 & 6 See text     

Natanz Below-
Ground PFEP 

      
N/A (not enriching 

yet) – – 

Total 10,8595 19,83 22,03 

* The values for lines 1, 2 and 3 of the PFEP are rough estimates based on the use of 
estimated and measured values for the separative output of these centrifuges in 
cascades, as drawn from IAEA and Iranian information 

  



 

  
COPYRIGHT DEBUGLIESINTEL.COM  

 

434 2024 – Nuclear Dilemma 

Practicing Breakout by Producing Highly Enriched 
Uranium: An In-Depth Analysis of Iran’s Nuclear 
Ambitions and Capabilities 
Iran's nuclear program has long been a focal point of global security concerns, given its 
potential to alter the balance of power in the Middle East and beyond. This article delves 
into the critical aspects of Iran's uranium enrichment activities, particularly its 
production of highly enriched uranium (HEU) at levels significantly closer to weapons-
grade uranium (WGU). 

Iran's Enrichment to 60 Percent HEU: Current Status and Implications 
During recent monitoring periods, Iran has continued to produce uranium enriched to 60 
percent, a level that is not only unprecedented outside of weapons programs but also 
significantly reduces the technical barriers to achieving weapon-grade material. This 
level of enrichment has allowed Iran to accumulate over three significant quantities of 
HEU, a technical term used by the International Atomic Energy Agency (IAEA) to denote a 
quantity of nuclear material that could potentially be used to produce a nuclear explosive 
device. 

The significance of this development cannot be overstated. Approximately 40 kilograms 
of uranium mass enriched to this level is sufficient to produce a nuclear device, 
according to standards set by various nuclear watchdogs. This is a stark contrast to the 
25 kilograms of 90 percent enriched uranium traditionally recognized as a sufficient 
quantity for the same purpose. 

Technical Aspects and Historical Context 
The enrichment process Iran employs follows a trajectory reminiscent of the A.Q. Khan 
network's method, which was instrumental in the proliferation of nuclear technology 
several decades ago. The A.Q. Khan method involves a stepwise increase in uranium 
enrichment: starting from natural uranium enriched to 4-5 percent, then to 20 percent, 
followed by 60 percent, and ultimately reaching 90 percent. Iran's approach, however, 
has shown a potential streamlining of this process. Reports indicate that Iran has 
experimented with jumping directly from 5 percent to 60 percent enriched uranium, 
bypassing intermediate steps and thus expediting the enrichment process. 

Moreover, Iran has innovated in the physical handling of uranium hexafluoride (UF6), the 
gaseous form of uranium used in the enrichment process. Traditionally, UF6 gas must be 
solidified and then re-gasified at each step of the enrichment process. Recent activities 
suggest that Iran is testing methods to transfer UF6 gas directly between centrifuges at 
different stages, potentially increasing the efficiency of the enrichment process. 
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Covert Operations and International Oversight 
In November 2021, the IAEA reported unusual activities at Iran's Pilot Fuel Enrichment 
Plant (PFEP), where Iran fed a significant amount of its near 20 percent enriched uranium 
into advanced centrifuges. The report indicated that Iran was not accumulating enriched 
uranium at expected levels, suggesting a possible diversion of the material to 
undisclosed activities. These activities might include reaching enrichment levels up to 90 
percent, or weapon-grade, although this was not explicitly detailed in the reports due to 
the covert nature of the operations. 

Strategic Implications and Global Response 
The ability of Iran to enrich uranium to 60 percent and possibly higher presents a 
significant challenge to non-proliferation efforts globally. It reduces the 'breakout time'—
the time required for a country to produce enough fissile material for a nuclear weapon. 
This development has prompted a renewed international focus on Iran's nuclear 
intentions and capabilities, with major powers evaluating their strategic options in 
response. 

Undoing the knowledge and technological advancements Iran has achieved in nuclear 
enrichment is virtually impossible. This poses a dilemma for international diplomacy and 
necessitates a robust, nuanced, and proactive approach to ensure that Iran's nuclear 
program does not escalate into a military one. 

Iran's continued enrichment of uranium to 60 percent and its experimentation with 
advanced centrifuge operations mark a significant phase in its nuclear program. These 
developments not only highlight the technical advancements within Iran's nuclear 
infrastructure but also underscore the urgent need for effective international oversight 
and engagement. As Iran edges closer to the capacity to produce nuclear weapons, the 
international community must respond with a balanced approach that addresses not 
only the nuclear risks but also the underlying political tensions that fuel this nuclear 
ambition. 
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Transfer of 20 Percent Enriched Uranium and 60 Percent 
HEU from Natanz to Esfahan: Monitoring and 
Implications 
Iran's nuclear program continues to raise significant concerns among international 
observers and policymakers, particularly regarding the management and transfer of 
enriched uranium. This article examines the transfer of 20 percent enriched uranium and 
60 percent highly enriched uranium (HEU) from the Natanz and Fordow facilities to the 
Fuel Plate Fabrication Plant (FPFP) in Esfahan, a key component in Iran's nuclear 
infrastructure. 

Historical and Recent Transfers 
Historically, Iran has transferred enriched uranium in the form of uranium hexafluoride to 
the FPFP in Esfahan, ostensibly for the production of HEU targets for the Tehran Research 
Reactor (TRR). These transfers have been documented in various International Atomic 
Energy Agency (IAEA) reports. However, recent reports from the IAEA have notably 
omitted details on any additional transfers or the current status of existing stocks of near 
20 percent and 60 percent enriched uranium at Esfahan. The lack of information or 
clarification on why these details have been omitted raises concerns about transparency 
and compliance. 

Transfer Details and IAEA Verifications 
The IAEA's detailed verification of enriched uranium transfers provides critical data 
points: 

• In January 2022, 23.3 kg (U mass) of 60 percent enriched uranium was transferred 
to the FPFP. 

• By October 2022, a total of 53 kg (U mass) of 60 percent HEU was verified at the 
FPFP storage area. 

• In 2023, several significant transfers occurred, with the IAEA verifying 100.52 kg of 
60 percent enriched uranium at the FPFP by August. 

The FPFP also received a substantial amount of 20 percent enriched uranium, with a total 
of 454.64 kg verified by May 2023. The management and storage of these significant 
quantities of enriched uranium underscore the critical importance of robust monitoring 
mechanisms. 
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Safeguards and Security Concerns 
The storage of large quantities of proliferation-sensitive material at the FPFP necessitates 
enhanced IAEA safeguards to detect and prevent any diversion to secret enrichment 
activities. Effective safeguards would include stepped-up inspector visits, more frequent 
inventory verifications, and continuous camera surveillance. Despite these needs, the 
recent lack of detailed reporting by the IAEA on the implementation of such safeguards 
at the FPFP is a glaring omission that must be addressed to ensure compliance with 
international standards. 

Policy Implications and JCPOA Violations 
The presence of these enriched uranium stocks at Esfahan, particularly the stocks of 60 
percent enriched uranium, constitutes a violation of the Joint Comprehensive Plan of 
Action (JCPOA). Under the terms of the JCPOA, Iran agreed to limit its stockpile of 
enriched uranium to 300 kg of up to 3.67 percent enriched uranium and to not enrich 
uranium above this level. The substantial quantities of 20 and 60 percent enriched 
uranium at the FPFP not only breach these stipulations but also pose a significant 
challenge to the non-proliferation regime. 

The ongoing transfer and storage of enriched uranium at Iran’s FPFP highlights several 
critical issues concerning nuclear non-proliferation and transparency. The international 
community, particularly the IAEA, must ensure that Iran adheres to its commitments 
under the JCPOA and other international agreements. Vigilant monitoring, 
comprehensive reporting, and robust safeguards are essential to prevent the diversion of 
these materials to potentially covert nuclear weapons development programs. As the 
situation develops, it remains imperative for global powers to address these challenges 
through diplomatic channels and ensure that Iran's nuclear program remains strictly for 
peaceful purposes. 
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Current Breakout Estimates: An Overview of Iran's Rapid 
Enrichment Capabilities 
Iran’s nuclear program has reached a critical phase, particularly in terms of its capability 
to rapidly produce weapon-grade uranium (WGU). This article explores the current state 
of Iran's centrifuge installations, its stockpile of highly enriched uranium (HEU), and the 
implications these developments hold for Iran’s potential nuclear breakout. 

Expansion of Centrifuge Capabilities 
During the latest reporting period, Iran has significantly increased its centrifuge capacity, 
with the installation of approximately 1000 IR-4 centrifuges at the Fuel Enrichment Plant 
(FEP). This expansion is notable because it enhances Iran’s ability to enrich uranium at 
higher efficiencies. The IR-4 centrifuge, more advanced than its predecessors, allows for 
quicker enrichment, meaning that Iran can produce weapon-grade uranium at a faster 
rate. 

Surveillance and Monitoring Challenges 
A significant concern is that Iran no longer permits the International Atomic Energy 
Agency (IAEA) to monitor its manufacture and assembly of advanced centrifuges. This 
restriction severely limits the IAEA's ability to ascertain the full scale of Iran’s centrifuge 
capabilities and potentially allows Iran to stockpile advanced centrifuges covertly. This 
lack of transparency is alarming as it impedes the international community's ability to 
monitor Iran’s enrichment activities accurately. 

Breakout Timeline and Enrichment Potential 
Iran’s formal nuclear breakout timeline is assessed to be at zero. With its current stock of 
60 percent enriched uranium, Iran has enough HEU to potentially create three nuclear 
explosives. The ability to quickly enrich this 60 percent HEU to WGU is particularly 
troubling. Using advanced centrifuge cascades already installed at the PFEP and FFEP, 
Iran could enrich its 60 percent HEU to 90 percent weapon-grade uranium within a matter 
of weeks. 

Depending on the tails assay chosen—either 5 percent or 20 percent enriched uranium—
Iran could use different strategies to optimize its output of WGU. For instance, with a 20 
percent tails assay, Iran could produce about 70 kg of WGU in three weeks, and about 80 
kg with a 5 percent tails assay. In a scenario prioritizing speed, Iran could produce the 
first 25 kg of WGU necessary for a weapon in approximately seven days. 
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Cumulative Weapon Potential 
Over a period of one month, using its combined stocks of 20 percent and 60 percent 
enriched uranium, Iran is estimated to be capable of producing enough WGU for up to 
seven nuclear weapons. This capacity increases with each passing month, with potential 
outputs of nine nuclear weapons in two months, 11 in three months, and up to 13 by the 
fifth month. 

Strategic and Security Implications 
These capabilities represent a significant escalation in Iran’s potential nuclear threat. The 
rapidity with which Iran could potentially achieve a nuclear arsenal poses a formidable 
challenge to global security and non-proliferation efforts. Moreover, the historical context 
of Iran's nuclear ambitions, particularly the cessation and subsequent camouflage of its 
Amad Plan in 2003, underlines the strategic foresight behind Iran’s current nuclear 
posture. 

Iran's enhanced centrifuge installations and its stockpile of HEU place it in a position to 
potentially conduct a rapid nuclear breakout. This situation necessitates a robust and 
coordinated international response to ensure transparency, compliance with 
international agreements, and to deter Iran from transitioning to weapon-grade uranium 
production. The international community must prioritize diplomatic, technological, and 
strategic measures to monitor and mitigate this significant nuclear risk. 
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Enriched Uranium Metal Production Remains Halted, 
Nuclear Material Discrepancy at Uranium Conversion 
Facility 
The international community remains on high alert regarding Iran’s nuclear capabilities, 
particularly with respect to the production of uranium metal, a material essential for 
nuclear weapons. This analysis provides an in-depth look at Iran’s activities surrounding 
uranium metal production and the associated nuclear material discrepancies observed 
at its facilities. 

Halt in Uranium Metal Production 
According to the International Atomic Energy Agency (IAEA) reports spanning the last nine 
reporting periods, Iran has not resumed the production of uranium metal at its Esfahan 
Fuel Plate Fabrication Plant (FPFP). Despite this, the capability to produce uranium metal 
at the facility remains intact. This capability raises concerns due to the potential dual-
use nature of uranium metal, particularly when enriched. 

Background and Concerns 
Iran's announcement in December 2020 about its intention to begin producing uranium 
metal, including versions enriched up to 20 percent, sparked considerable alarm among 
international observers. This concern is magnified by the lack of a clear civilian need for 
such uranium metal, suggesting that the development may serve to bolster Iran's nuclear 
weapons capabilities. Historically, under the Amad Plan prior to 2003, Iran was actively 
engaged in constructing facilities for uranium metallurgy and experimenting with 
surrogate materials for weapon-grade uranium (WGU). 

Recent Developments in Uranium Metal Production 
On February 2, 2021, Iran commenced the production of uranium metal using natural 
uranium in laboratory experiments at the Esfahan FPFP. This development progressed to 
the production of enriched uranium metal from 20 percent enriched uranium 
hexafluoride (UF6). By August 2021, the IAEA verified the production of 200 grams of 
enriched uranium metal, which was later formed into 430 grams of uranium silicide for 
potential use in silicide fuel for the Tehran Research Reactor (TRR). 

Despite these developments, there have been no new introductions of silicide fuel 
elements into the TRR since May 2023, suggesting a pause or a shift in focus in Iran’s 
uranium metal production activities. 
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Stalled Installations and Equipment Readiness 
The IAEA reports highlight that while equipment installation for converting enriched UF6 
to uranium tetrafluoride (UF4) at the FPFP was nearly complete as of early 2022, the 
facility has not yet been tested with nuclear material. This delay extends to the nearby 
Uranium Conversion Facility (UCF) at Esfahan, where, despite readiness to operate with 
depleted or natural uranium as of early 2024, no nuclear material has been introduced 
for production. 

Implications for Nuclear Nonproliferation 

The apparent readiness of facilities to produce uranium metal, combined with the lack of 
ongoing production, presents a complex scenario for international monitoring bodies. 
The capability to quickly resume production, especially of enriched uranium metal, could 
significantly shorten Iran's breakout time to a nuclear weapon if decision-makers in 
Tehran choose to pursue that route. 

Iran’s uranium metal production capabilities, combined with the discrepancies and 
delays in operational testing at key facilities, underscore the critical need for continued 
vigilance and robust monitoring by the IAEA. As the situation evolves, it is imperative for 
the international community to maintain pressure on Iran to adhere to its nuclear 
nonproliferation commitments and to ensure transparency in its nuclear activities. The 
dual-use nature of uranium metal and the potential for rapid shifts in Iran’s nuclear 
strategy necessitate a proactive approach to prevent any escalation toward nuclear 
weaponization. 
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Heavy Water and Khondab (Arak) Reactor: 
Developments and Monitoring Challenges 
Iran's nuclear activities extend beyond uranium enrichment to include significant 
developments in heavy water production and reactor construction. This article provides 
an overview of the recent status of Iran’s Heavy Water Production Plant (HWPP) and the 
Khondab Heavy Water Research Reactor (KHRR), highlighting the challenges faced in 
monitoring and the potential implications for nuclear proliferation. 

Heavy Water Production Plant (HWPP) 
Since February 2021, the International Atomic Energy Agency (IAEA) has reported 
significant reductions in its monitoring capabilities at Iran’s HWPP. The situation 
deteriorated further in June 2022, when Iran removed the Flow-rate Unattended 
Monitoring (FLUM) equipment, effectively ending the IAEA’s direct oversight of the facility. 
This lack of monitoring capability has raised concerns about the undisclosed production 
and inventory of heavy water in Iran, which is crucial for certain types of nuclear reactors 
that can produce plutonium suitable for weapons. 

Despite these challenges, the IAEA has utilized commercial satellite imagery to assess 
the operation of the HWPP. Its February 2024 report included an assessment that the 
plant continued to operate throughout the reporting period. However, without direct 
monitoring tools, the exact scale of production and the current inventory of heavy water 
remain uncertain. 

Khondab Heavy Water Research Reactor (KHRR) 
The KHRR, formerly known as the Arak reactor or IR-40, has been a focal point of 
international negotiations due to its potential to produce plutonium. Under the Joint 
Comprehensive Plan of Action (JCPOA), Iran agreed to redesign the reactor to limit its 
plutonium production capability. Recent developments, as reported by the IAEA in 
February 2024, indicate that civil construction work is ongoing on all floors of the reactor. 

In May 2023, Iran provided an updated Design Information Questionnaire (DIQ) for the 
KHRR, confirming that the reactor's power, fuel enrichment, and core design align with 
the JCPOA's requirements. These developments suggest progress in reorienting the 
reactor towards research purposes and reducing its potential for weapons-grade 
plutonium production. 

Project Delays and Communication Gaps 
Despite the progress in redesigning the reactor, there have been no significant updates 
since the IAEA's previous report. Iran had initially informed the IAEA of its plans to 
commission the reactor and the primary circuit in 2023 using dummy IR-20 fuel 
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assemblies, with operational start expected in 2024. However, no formal updates have 
been communicated to the IAEA regarding these plans, leading to uncertainties about the 
timeline and the current status of the reactor's commissioning. 

Implications for Non-Proliferation 
The lack of transparency and reduced IAEA monitoring at key nuclear facilities in Iran 
poses significant challenges for the international community's efforts to ensure the 
peaceful nature of Iran's nuclear program. The ongoing operation of the HWPP and the 
construction of the KHRR without comprehensive international oversight could enable 
Iran to advance its nuclear capabilities in ways that might contravene its international 
commitments. 

The developments at Iran's HWPP and KHRR underscore the complexities of monitoring 
and verifying nuclear activities in the country. The international community, particularly 
the IAEA, must continue to seek ways to restore robust monitoring mechanisms and 
ensure transparency. Meanwhile, diplomatic efforts must be intensified to bring Iran back 
into full compliance with its international nuclear obligations to prevent any potential 
proliferation risks. 
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