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Preface 

We live today in a world with regions riven by conflicts that have the potential to 
escalate to scales seen in the 20th century, or even far worse. Nearly 70 years ago, the 
first Pugwash conference established the model of scientists from different countries 
coming together to prevent, mitigate, and end conflicts that could result in nuclear war 
or proliferation. Those conferences continue to the present. Academies of sciences, 
which have special relationships with their governments, initiated their own activities 
that likewise have been carried forward to today. 

In 1980, the US National Academy of Sciences established the Committee on 
International Security and Arms Control (CISAC) to open bilateral contacts with 
a parallel group simultaneously established at the Academy of Sciences of the 
Soviet Union. Among the CISAC founders was Wolfgang (Pief) Panofsky, eminent 
physicist, founder, and first director of the Stanford Linear Accelerator Center. 

In January 1986, Panofsky led CISAC in a meeting on International Security and 
Arms Control that extended beyond the limitation of a direct link between the USA 
and the USSR. The possibility of establishing in Europe a group of scientists with 
a role analogous to CISAC was discussed. As a consequence, Edoardo Amaldi, in 
1987, set up SICA, a working group on International Security and Arms Control, at 
the Accademia dei Lincei. 

A first informal workshop was held in Rome, at Lincei Academy June 23–25, 1988 
under the title International Security and Disarmament: The Role of the Scientific 
Academies. A second meeting followed in 1989. 

On December 5, 1989, while preparing the third Meeting, Edoardo Amaldi, then 
President of Accademia Nazionale dei Lincei, unexpectedly died. The third meeting 
was held a few months later, in June 1990, under the Chair of Giorgio Salvini who had 
succeeded Amaldi at the Presidency of the Lincei. Participants at the third meeting 
decided to dedicate future meetings to the memory of Edoardo Amaldi, hence the 
name the Edoardo Amaldi Conferences. 

From 1991 to 2011, the Edoardo Amaldi Conferences were regularly held at the 
Lincei and elsewhere in Europe, essentially as triangular meetings involving scientists 
from Europe, the United States, and the USSR, later the Russian Federation.

v



vi Preface

In 2015 and 2017, with the support of the Ministero degli Affari Esteri, the Edoardo 
Amaldi Conferences have been extended to important participation from Countries 
in the Middle East and Asia (China, Egypt, India, Israel, Iran, Japan, Pakistan). 

SICA (Accademia dei Lincei) and CISAC (the US National Academy of Sciences) 
co-organized the 21st and 22nd conferences. 

The 23rd Amaldi Conference was held in Rome, Accademia dei Lincei 28–30 
October 2024, organized in collaboration with the US National Academy of Sciences 
(USA) and the Pugwash Organization. The Proceedings contain the texts of the 
sixteen talks given there. 

The main focus of the conference was on the risk of possible nuclear conflicts 
generated by two active major conflicts, in Ukraine and in the Middle East, and the 
analysis of the possible consequences of local and global nuclear conflicts. Also 
discussed was the role of the scientific community to facilitate the restart of inter-
national dialogs on nuclear disarmament in the present situation, in particular in the 
East Asia environment. Finally, the role of artificial intelligence and space in the 
present conflicts, and the prospects of large-scale energy generation from nuclear 
fission and nuclear fusion were presented. 

Talks were delivered by experts of different disciplines belonging to universi-
ties, international organizations, and governments from Europe, USA, Middle East, 
China, and Japan. 

We appreciate the support of the Accademia Nazionale dei Lincei and of the US 
National Academy of Sciences, represented here by President Roberto Antonelli and 
by Dr. Micah Lowenthal, and of the Conference Board, Francesco Calogero, Carlo 
Schaerf, Francesco Lenci, Alessandro Pascolini, Alberto Quadrio Curzio, Raymond 
Jeanloz. We thank Barbara Gallo, Scientific Secretary of the Conference, and Mariella 
Di Donna, for the relations with the Press. 

Rome, Italy Luciano Maiani 
Lincei Academy 

Paolo Cotta-Ramusino 
Pugwash Organisation 

Micah Lowenthal 
US National Academy of Sciences 

Raymond Jeanloz 
US National Academy of Sciences



Introduction 

About the Conference 

The Accademia Nazionale dei Lincei 

Founded in 1603, the Accademia Nazionale dei Lincei is the oldest scientific academy 
in the world which included, among many other prestigious names, Galileo Galilei. 
The Accademia Nazionale dei Lincei is within the sphere of the Italian Ministry 
of Cultural Heritage and is considered the highest Italian cultural institution. The 
Accademia Nazionale dei Lincei is a scientific consultant to the President of the 
Italian Republic and has recently been granted his High Permanent Patronage. The 
Accademia Nazionale dei Lincei mission is to promote, coordinate, integrate and 
spread scientific knowledge in its highest expressions, in the frame of cultural unity 
and universality. To this end, the Accademia Nazionale dei Lincei organizes national 
and international conferences, meetings, and seminars. 

The National Academy of Sciences 

Established by an Act of Congress signed by President Abraham Lincoln in 1863, 
the National Academy of Sciences is charged with providing independent, objec-
tive advice to the nation on matters related to science and technology. The National 
Academy of Sciences is committed to furthering science in America, and its members 
are active contributors to the international scientific community. Nearly 500 members 
of the National Academy of Sciences have won Nobel Prizes, and the Proceedings of 
the National Academy of Sciences, founded in 1914, is today one of the premier inter-
national journals publishing the results of original research. The National Academy of 
Sciences also encourage education and research, recognize outstanding contributions 
to knowledge and increase public understanding in matters of science.
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A Brief History of the Edoardo Amaldi Conferences 

In 1980, the United States National Academy of Sciences established a Committee on 
International Security and Arms Control (CISAC). During the 1980s, with Wolfgang 
K. H. Panofsky as Chairman, one of CISAC’s main purposes was to maintain bilateral 
contacts with an analogous group at the Academy of Sciences of the Soviet Union. In 
January 1986, CISAC organized in Washington, D.C. a meeting and about ten scien-
tists from European countries participated. In this meeting questions connected to 
arms control were discussed, together with the possibility of establishing in Europe 
a group of scientists with a role analogous to that of CISAC. Discussions on interna-
tional security and armament control were extended beyond the limitation of a direct 
link between the USA and the USSR. 

Francesco Calogero and Carlo Schaerf took part in this meeting and then reported 
to Edoardo Amaldi, then Vice President of the Academia Nazionale dei Lincei. He 
was very much in favor of this initiative and set up a Working Group on International 
Security and Arms Control (SICA). 

The first informal meeting was held in Rome at the Academy on June 23–25, 
1988 and was entitled Workshop on International Security and Disarmament: The 
Role of the Scientific Academies. Participants from Belgium, Denmark, France, 
Federal Republic of Germany, Great Britain, the Netherlands, Sweden, and the USA 
were present at this meeting. On that occasion, it was decided to hold an interna-
tional conference the following year and to invite participants from other European 
countries, including the Soviet Union. 

The second meeting was entitled International Security and Disarmament: The 
Role of the Scientific Academies and was held in Rome in June 1989. 

The third conference, entitled International Conference on Security in Europe 
and the Transition Away from Confrontation Toward Cooperation, was held again in 
Rome in June 1990. The title, the programme, and the specific items had already been 
established by Edoardo Amaldi (who was President of the Academy at the time) and 
the SICA group when he died unexpectedly on 5 December 1989. Professor Giorgio 
Salvini was elected to succeed him as President of the Academy and decided to 
continue the Amaldi’s initiative on disarmament and arms control. The third meeting 
was devoted to problems of peace, environmental cooperation and measures of effec-
tive disarmament in the new international climate. It was at this meeting that the 
participants decided to dedicate all future conferences to the memory of Edoardo 
Amaldi, hence the name Amaldi Conferences. Since then the Amaldi Conferences 
continued on a yearly basis up until 2000, and later periodically. 

Latest Conferences:

• XIX Edoardo Amaldi Conference on International Cooperation for Enhancing 
Nuclear Safety, Security, Safeguards and Non-proliferation, organized by the 
Accademia Nazionale dei Lincei and the European Commission—Joint Research 
Centre (Rome, 30–31 March 2015).

• XX Edoardo Amaldi Conference on International Cooperation for Enhancing 
Nuclear Safety, Security, Safeguards and Non-proliferation—60 Years IAEA
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Atoms for Peace and Development—EURATOM Treaty, organized by the 
Accademia Nazionale dei Lincei and the European Commission—Joint Research 
Centre (Rome, 9–10 October 2017).

• XXI Edoardo Amaldi Conference on International Cooperation for Enhancing 
Nuclear Safety, Security, Safeguards and Non-proliferation, organized by the 
Accademia Nazionale dei Lincei and the National Academy of Sciences, USA 
(Rome, 7–8 October 2019). 

Edoardo Amaldi (1908–1989) 

Edoardo Amaldi was an Italian physicist who started his research in Nuclear Physics 
in collaboration with Enrico Fermi. He has contributed substantially to the current 
knowledge on artificial radioactivity induced by neutrons and properties of slow 
neutrons and gave first direct experimental evidence of the diffraction of fast neutrons 
by nuclei. After the Second World War, Amaldi was instrumental in the reconstruction 
of the post-Fermi School of Physics in Italy and was co-founder of the Italian National 
Institute for Nuclear Physics (INFN), of the European Organization for Nuclear 
Research (CERN) and of the European Space Research Organization (ESRO). 

Amaldi supported the Working Group on International Security and Arms Control 
(SICA) from its inception, organizing the first conference on “International Security 
and Disarmament: The Role of the Scientific Academies” in Rome from 23 to 25 
June 1988. The third conference on “Security in Europe and the Transition away 
from Confrontation toward Cooperation” was held again in Rome in June 1990. 
The title, the programme and the specific items had already been established by 
Edoardo Amaldi (President of the Academy at the time) and the SICA group when 
he died unexpectedly on December 5, 1989. Participants at this meeting decided to 
dedicate future meetings to the memory of Edoardo Amaldi, hence the name Amaldi 
Conferences. Since then the Amaldi Conferences have continued on a regular basis.
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Chapter 1 
Nuclear Risks in Current Conflicts 

Hussain Al-Shahristani 

1.1 Keynote Lecture 

It is a great pleasure to be back at the Amaldi conference. First, I would like to thank 
the Accademia Nazionale dei Lincei for their invitation and hospitality, and I hope 
you all enjoy your stay in the beautiful city of Rome. 

I am asked to speak on nuclear risks in the current conflicts. The nuclear risks are 
not confined to the possible use of nuclear weapons in current world conflicts, but 
also the risks associated with the race to upgrade nuclear arsenals and resume nuclear 
testing and also risks of radioactive contaminants leakage from nuclear power plants 
in conflict zones. All these nuclear risks are real and should be of serious concern to 
us all. 

Since the end of the cold war with the dissolution of the Soviet Union in Dec 1991, 
the world has not faced the risk of use of nuclear weapons as we are witnessing today. 
There are two ongoing wars in Ukraine and the ME, and a potential confrontation 
in east Asia where parties to the conflicts possess nuclear weapons. In the ongoing 
wars, there have been insinuations of possible use of tactical nuclear warheads. 

But, let me first light on some dangerous developments concerning nuclear 
weapons. Even before these wars were waged, the major nuclear power states had 
started a new race to renovate and upgrade their nuclear arsenals. 

In the United States, the Congressional Budget Office estimates that the United 
States is set to spend some $756 billion on nuclear weapons modernization 
programmes in the coming ten years. That is two and a half Manhattan projects 
every year. 

The Russian Federation and the People’s Republic of China are also actively 
upgrading their nuclear facilities and arsenals. There are no published figures on 
budget allocation for these programmes. Russia, the traditional nuclear peer to the

H. Al-Shahristani (B) 
President of Pugwash, Baghdad, Iraq 
e-mail: hussain@alshahristani.com 
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4 H. Al-Shahristani

US, is already engaged in renovating its nuclear arsenal and developing a new “exotic” 
nuclear weapons and delivery missiles. 

The nuclear modernization in the US and Russia, has now grown from just 
updating older systems, to the development of entirely new more potent nuclear 
weapons. Both countries are considering manufacturing what is referred to as “tac-
tical” or “battlefield nuclear weapons”. Such weapons are extremely dangerous 
because being smaller and less destructive, countries at war are tempted to use them. 
Low-yield nuclear weapons are not deterrent to the warring parties, quite the contrary, 
they may make nuclear use more likely. 

The other nuclear country that we should be concerned about is PRC. China, as an 
emerging nuclear superpower, has accelerated its nuclear expansion. It is expected 
that it would field over 1000 operational warheads by 2030. They have completed 
silo construction and begun loading them with missiles. China is not a nuclear peer 
to the United States yet, but at the current rate of expansion, it could reach that status 
in less than a decade. Unlike Russia, China would be a peer to the United States not 
only in the nuclear field, but also in other economic and technology domains. 

All the three countries are reopening and upgrading their nuclear test sites appar-
ently to test the new nuclear warheads under development despite that they are 
signatories to the Comprehensive Nuclear-Test-Ban Treaty since 1996. Russia had 
even ratified the treaty, but last year it revoked its ratification. It is to be seen which 
of the three would breach the treaty first in the coming years. 

The problem with such new nuclear weapons’ development is that it is highly 
destabilizing and could lead to a new nuclear race. When any nation starts such a 
race, its nuclear rivals would surely react by upgrading their nuclear deterrence to 
offset any strategic advantage its rival might gain to maintain deterrent parity at the 
least. Or at worst, they may adopt an offensive nuclear doctrine to take out the new 
enemy nuclear silos and facilities before they are operational. 

Of course, such an extreme scenario is highly unlikely given rational thinking 
of nuclear adversaries when there is a balanced deterrence as was the case during 
the cold war years when the Mutual Assured Destruction doctrine prevented nuclear 
superpowers from resorting to such means. But, when a nuclear power feels that its 
nuclear deterrence may not protect it against an enemy nuclear strike, do we have 
any assurance that it may not resort to a pre-emptive strike to take out the enemy 
offensive nuclear advantage. 

What makes matters worse is that we will soon face a 3-body problem instead of 
the 2-body that existed during the previous cold war. And we all know how much 
more difficult it is to solve a 3-body problem compared to 2-body one. 

Other sources of serious concern for potential nuclear warfare are the advance-
ments in new disruptive technologies within the domains of hyper-sonics, anti-
submarine warfare, weaponizing the space, missile defence and AI-enabled data 
processing. These fast-developing technologies are changing the role of nuclear 
weapons. These innovations are encouraging some policy makers and strategists 
to reconsider the foundational assumptions about deterrence and risk. 

We hear with great alarm proposals to consider a pre-emptive launch of nuclear 
strike to disarm adversaries. The mere debate on the rationality of such doctrine by
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some policymakers is extremely alarming, particularly when it comes at a time when 
discussions on extension of the New START treaty is stalled. This treaty that limited 
the number of deployed strategic nuclear warheads in the US and Russia to 1550 
will expire in Feb. 2026. 

Instead of engaging in discussions to renew this treaty or replacing it with a 
better one, we notice signals that this important treaty may not be renewed, and the 
superpowers could initiate a new nuclear race with more sophisticated warheads. 

President Putin addressing the Russian Federal Assembly in Feb 2023 announced 
that Russia would suspend its participation in New START but is not withdrawing 
from it. However, Russia clarified that it would continue to abide by the numerical 
limits in the treaty but would discontinue the notification process. 

War between nuclear armed states is not impossible. Nuclear warfare is not an 
abstract danger, but a real one. Bearing in mind regional and global tensions, several 
plausible scenarios exist today in different parts of the world for nuclear exchange. 

Against such troubling background, let us focus on the current world conflicts: 
the Ukraine war, and the conflicts in the ME. 

First let us consider the potential use of nuclear weapons in the Ukraine war. 
The war in Ukraine involves one nuclear-weapon state directly, Russia, and three 

nuclear-weapon states indirectly, the US, France and UK. The later are considering 
material assistance to Ukraine to attack military sites inside Russia. Should the NATO 
allow long range missile attacks against strategic military sites in Russia, that could 
prompt a Russian response with tactical nuclear warheads. 

President Putin has declared two years ago in Sept 2022 that Russia “will use all 
the means at our disposal in order to defend the country’s territory”. This was widely 
understood as using nuclear weapons. This announcement was followed six months 
later by moving Russian tactical nuclear weapons to the Republic of Belarus. 

More recently, he warned that supplying long-range weapons to Ukraine to hit 
deep inside Russia would result in a nuclear conflict. He stated that “we also have the 
weapons that can strike targets on their territory, and what they are now suggesting 
and scaring the world with, all that raises the real threat of a nuclear conflict that will 
mean the destruction of our civilization”. 

On the other side, President Zelensky has threatened to seek nuclear weapons 
unless Ukraine is given NATO membership. He told European Union leaders during 
a speech in Brussels: “Either Ukraine will have nuclear weapons, which will serve 
as protection, or it must be part of some kind of alliance. Apart from NATO, we do 
not know of such an effective alliance”. 

These threats should not be dismissed or ignored. Yes, for the time being, it is quite 
unlikely that there will be a nuclear exchange in Europe as a result of the ongoing 
war in Ukraine, but the possible detonation of even a small tactical nuclear warhead 
is extremely alarming. Such detonation would have devastating and compounding 
effects, and carry a high risk of triggering an escalation to a limited or all-out nuclear 
war. 

The nuclear risk in the Ukraine conflict is not limited to direct use of nuclear 
weapons. The Ukrainian nuclear power stations have been caught in the crossfire on 
a number of occasions. The largest nuclear power plant in Europe, the Zaporizhzhia
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Nuclear Power Plant that the Russian forces had seized in March 2022 is right at 
the battle frontline. This nuclear power plant is now badly damaged, and it could 
be accidentally hit by the exchange of fire by the combatants causing release of 
radioactive materials. 

Some of us here have vivid memory of the Chernobyl nuclear power accident in 
northern Ukraine in 1986. Then radioactive nuclides from Chernobyl contaminated 
large areas of Central Europe. 

According to the International Atomic Energy Agency report, “The situation in 
Ukraine is unprecedented. It is the first time a military conflict has occurred amid 
the facilities of a large, established nuclear power”. Grossi, Director General of the 
IAEA, reported to the annual meeting of Member States last month that Zaporizhzhia 
plant still suffers from “Regular explosions, drone attacks, gunfire and repeated 
interruptions of external power supply, among other challenges”. The risk of a nuclear 
accident at Zaporizhzhia plant is real. 

What complicates the matter further is that the Russia’s Kursk nuclear power plant 
also came under threat when Ukrainian forces advanced across the border. The Kursk 
nuclear power plant is one of the three largest in Russia. The threat to these nuclear 
facilities underscores how both Russia and Ukraine view nuclear power plants as 
strategic targets and their skirmishes near these plants could lead to a disastrous 
radioactive contamination to the area and beyond. 

The other conflict that has a potential nuclear risk is the war in the Middle East. 
The ME is one of the most volatile regions in the world. Wars and conflicts there 

do not only destabilise the region, but also affect peace and security further away. 
On several occasions in the past five decades, parties to military confrontations in 
the region either used or were on the verge of using weapons of mass destruction. 
Chemical weapons were used by Saddam Hussein in the Iran-Iraq war, and they were 
used in the Syrian civil war. 

Currently, there are two conflicts that undermine the stability of the region: the 
war in Gaza and Lebanon, and presence of nuclear warheads and nuclear activities 
that could lead to nuclear race and confrontation. 

I will touch on these two issues briefly. First let us consider the nuclear risks. 
Israel possesses nuclear weapons. Iran is pursuing a uranium enrichment programme 
to produce 60% enriched uranium. After years of laborious negotiations, the P5 + 
1 reached the JCPOA agreement with Iran in 2015, which the US President Trump 
unilaterally abrogated. This has put the region back in unchartered nuclear waters. 

It is unfortunate that Dr. Ali Salehi, one of the architects of JCPOA, who was 
invited to this conference could not travel due to the current security situation in the 
ME. He could have elaborated on the current status of the agreement and if there is 
anything that can be done to return to the JCPOA or reach to a new similar agreement. 

Iran has repeatedly stated that it does not intend to produce nuclear warheads, and 
nuclear weapons are not part of their defence doctrine. And the new government in 
Tehran has expressed interest to resume talks on implementation of the JCPOA, but 
the USA is not expected to respond to this gesture till the new administration takes 
charge.
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We hope the new administrations in Washington and Tehran would seriously 
consider salvaging that agreement or attempt to replace it with an updated one. Of 
course, the three European countries that are party to the agreement and the EU can 
play a constructive role in reaching such an outcome. 

On the positive side, there are some encouraging developments in the region. 
The relationship between the Arab Gulf States and Iran has improved, and there 
are proposals for cooperation on peaceful applications of nuclear energy and reginal 
nuclear security arrangements. 

However, the ultimate guarantee for security in the ME is the elimination of 
nuclear and other weapons of mass destruction from the region. The UNGA had 
adopted a resolution to establish a nuclear weapons free zone (NWFZ) in the ME 
fifty years ago in 1974. Since then, the GA reaffirmed its resolution almost every 
year. All countries in the region expressed willingness to join such a treaty except 
Israel. 

Nuclear weapons do not prevent wars or provide security. Israel’s possession of 
nuclear warheads has not prevented four major wars with its neighbours and did not 
contribute to bringing an end to the war in Gaza that has now spread to the West 
Bank and Lebanon. Similarly, the use of chemical weapons by Saddam Hussein did 
not end his war with Iran, and possession of such weapons by Moamar Qaddafi did 
not save the Libyan dictator. 

The second issue in the ME is the Palestinian question and more urgently the war 
in Gaza that has been going on for more than a year now, and the war in Lebanon 
that flared up earlier this month. More than 160 thousand civilians so far have been 
killed or severely wounded in Gaza, the majority of whom are women and children. 
The population in the strip is near starvation and totally depend on UNRWA for basic 
necessities. Even this life-saving channel has now been curtailed by cutting funding 
by the US and some European countries. 

The war in Gaza has reached a genocidal proportion. It must stop to save the 
remaining of the Palestinian people. Otherwise, in addition to its human cost, it will 
push the ME to roll down to a regional war with catastrophic consequences not only 
to the region but to the world at large. 

This war has now spread to Lebanon and could drag in other countries. Iran has 
fired a barrage of hypersonic missiles at Israel in response to the killing of Ismail 
Haniyeh in Tehran and Sayed Hassan Nasrullah in Beirut. Israel has reciprocated 
with a limited attack last Saturday, and Iran said it will respond proportionally. This 
calculated exchange is reassuring. But it should not be ruled out that miscalculations 
could lead to a spiral mutual escalation ending with uncontrolled regional war. 

The international community, particularly the US and European countries should 
act directly and through the UN to end this war and prevent any further escalation. The 
Security Council should be pressed to adopt a resolution for immediate ceasefire in 
Gaza, and the permanent members of the council should not hold up such a resolution 
by their veto power. Pending cessation of hostilities, all countries should refrain from 
sending offensive weapons to the region. 

We in the Pugwash Conferences on Science and World Affairs issued an appeal 
to all parties involved in the conflict to abstain from targeting nuclear and/or energy



8 H. Al-Shahristani

infrastructure in view of the devastating consequences that this could unleash not 
only on the region but the world at large. 

We called on all parties to the conflict to abide by the International Humanitarian 
Law and Article 56 of the Additional Protocol I to the Geneva Conventions that 
specifically prohibits attacks on nuclear installations, recognizing that such actions 
pose an indiscriminate threat to the civilian populations. The deliberate targeting 
of nuclear and energy facilities also violates the Environmental Protection Provi-
sions under IHL, which demand that parties to a conflict avoid actions that cause 
widespread, long-term, and severe damage to the environment. 

The world peace and security cannot be maintained without upholding interna-
tional laws and conventions. Any violations or deviations from adherence to them 
should be unequivocally condemned whenever and wherever they occur. 

The humanitarian disaster in Gaza cannot be averted without enabling UNRWA 
to carry out its mandate of providing humanitarian assistance to Gazans who have 
been the victims of this war. Instead of pledging more funds to this vital UN agency 
to save the remaining population in Gaza from starvation, the major Western donors 
have suspended their contributions. 

Israel has also expanded its war into Lebanon. This dangerous development can 
draw in other actors, and the war may easily engulf the whole region. The conse-
quences of such a disastrous development would be devastating. Other countries, 
including nuclear countries, may be drawn in. 

Risks of Nuclear strike in the war in the ME although very unlikely, but it should 
not be ignored. Israel may be tempted to use its nuclear weapons if it sees itself 
overwhelmed as it had considered this option in the 1973 war with Egypt. There 
have been occasional calls by some politicians in Israel to use their nuclear weapons 
to end the war in Gaza. Even a senior US senator has suggested it. Such an action 
will most likely force Iran to reconsider its defense doctrine and dash to develop its 
nuclear weapons. 

I am not predicting such a doomsday scenario. I am merely drawing the attention 
of responsible scientists like yourselves to the dangers of letting this war to continue 
and expand. We must act now by pressuring our governments to act unilaterally or 
multilaterally to force the combatants to end this war immediately and seek a peaceful 
resolution of the conflict.
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Chapter 2 
Reducing Risks of Nuclear Weapons Use 
in Northeast Asia 

Tatsujiro Suzuki 

Abstract The risks of nuclear weapons are said to be the highest since the end 
of Cold War, primarily due to increasing tensions among nuclear armed states. In 
Northeast Asia. There are four nuclear armed states (US, China, Russia, DPRK) and 
the risks of nuclear weapons use is also increasing in this region. This paper is based 
on a three-year project to reduce risks of nuclear weapons use in Northeast Asia, by 
examining plausible cases of nuclear weapons use, quantification of consequences 
of nuclear weapons uses on selected five cases and draw policy implications for 
recommended actions to reduce the risks of nuclear weapons use in Northeast Asia. 
The most important policy implications are: (1) Unintended nuclear weapons use can 
be triggered by miss-communication, lack of mutual understanding, accident and 
human errors, (2) Once nuclear weapons are used, it is very difficult to foresee what 
will follow, and there is always a possibility that it could lead to a global nuclear war, 
(3) Use of nuclear weapons could result in unparallel humanitarian consequences, 
(4) First nuclear weapons use are likely to be “tactical nuclear weapons” and the 
first targets are likely to be military targets in “nuclear umbrella” states. The study 
concluded that policies oriented towards increased, stronger, or enhanced deterrence 
are making the region less secure. To make ambitious cooperative measures aimed 
at reducing the threat of nuclear weapons must be taken by the leaders in the region. 

2.1 Introduction 

It is now 89 Seconds to Midnight”. Bulletin of Atomic Scientists’ “Dooms Day 
Clock” [11] is now closer than ever to the human catastrophe. Bulletin cites the 
increasing nuclear risk as the primary reason for such global risk. 

Global stockpile of nuclear warheads is now increasing. According to the latest 
estimate by Research Center for Nuclear Weapons Abolition, Nagasaki University 
(RECNA), total number of nuclear warheads is now 12, 340 (as of June 2025) 
compared to 12, 120 in 2024. Furthermore, total number of “deployable nuclear
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warheads” (i.e. total of deployed warheads and reserved warheads) is now 9615 
compared to 9583 in 2024. In fact, the latter number has been increasing steadily 
since 2018 from 9251 to 9583, i.e. increase of 332 warheads [10]. 

Regional conflicts, such as those in Ukraine, Gaza and South Asia, may increase 
the possibility of nuclear weapons use for the first time since 1945. It is true that 
nuclear weapons have never been used since the droppings of atomic bombs over 
Hiroshima and Nagasaki in 1945. But there is no evidence that “nuclear deterrence” is 
the primary reason for such “non-use” of the nuclear weapons. Instead, it can be said 
that there has been a growing international norm that nuclear weapons should never 
be used again. This norm has become known as “the nuclear taboo” [12]. In fact, the 
Nobel Peace Prize committee awarded 2024 Nobel Peace Prize to Nihon Hidankyo 
(Japan Confederation of A-and H-bomb Suffers Organization) for their contribution 
to spreading the norm of nuclear taboo, but adding that “this taboo against the use 
of nuclear weapons is under pressure” [6]. 

Now we are facing a critical time whether we can maintain such nuclear taboo. 

2.2 Increasing Nuclear Risks in Northeast Asia 

Northeast Asia is one of the regions that nuclear risks are considered “high”, since 
there are four nuclear armed states (US, Russia, China and DPRK) and there are 
increasing tensions among those countries. 

US-Russia nuclear disarmament efforts have been stalled since the first Trump 
Administration formally announced its intention to withdraw from the Intermediate-
Range Nuclear Forces (INF) Treaty in 2018. In response, Russian President Vladimir 
Putin also announced that Russia will be also officially suspending its treaty obliga-
tions as well. Since Russian invasion of Ukraine in 2022, the relationship between 
Russia and the US has grown worse, and there has not been any negotiation to extend 
the New START (Strategic Arms Reduction Treaty) which will expire in February 
2026. If the Treaty is not extended, or no new Treaty replacing the New START, 
there will be no bi-lateral disarmament treaty between the two largest nuclear armed 
states. 

China is the only nuclear weapon states who declare “no-first-use” policy but is 
currently rapidly expanding nuclear forces. The number of nuclear warheads has 
increased dramatically from 250 in 2015 to 350 in 2030 and now 600 in 2025. It is 
not clear why China has been rapidly increasing its nuclear arsenals [1], but some 
experts observe that China is responding to US modernization program of nuclear 
weapons [2]. US Department of Defense estimated that the number of Chinese 
nuclear weapons might increase more than 1000 by 2030 [13]. 

DPRK is also expanding its nuclear forces and missile programs steadily. More 
importantly, their nuclear policy has been transforming into the one under which 
they are ready to use nuclear weapons first. In 2022, the new “Nuclear Forces Policy 
Law” clarifies the conditions of nuclear weapons use which are: (1) attacked by 
nuclear weapons or other weapons of mass destruction or attacked in a scale similar
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to the above ones, (2) hostile attacks (either nuclear or non-nuclear) against national 
leader or nuclear strategic command organizations, (3) fatal attack (either nuclear or 
non-nuclear) against critical facilities, (4) to prevent escalation of conventional war 
and it is considered essential to use nuclear weapons for controlling the warfare, (5) 
other conditions under which very existence of nation or catastrophic national crisis 
to endanger citizens of our nation [3]. Most recently, in June 2024, DPRK and Russia 
announced that it concluded “Comprehensive Strategic Partnership Treaty” between 
them. It means that if either one of them is involved in a war, the other will assist its 
partner with military and other aid [4]. 

In response to both Chinese and DPRK threats, Republic of Korea (ROK), Japan 
and the United States agreed to strengthen their “extended nuclear deterrence” 
arrangement. In 2023, the leaders of the three nations met in Camp David and their 
joint statement said, “And we will enhance strategic coordination between the U.S.-
Japan and U.S.-ROK alliances and bring our trilateral security cooperation to new 
heights” [5]. 

2.3 RECNA’s Project on Reducing Risks of Nuclear 
Weapons Use in Northeast Asia 

2.3.1 Plausible Cases of Nuclear Weapons Use 

Given the increasing tensions in the region where four nuclear-armed states exist, 
Research Center for Nuclear Weapons Abolition, Nagasaki University (RECNA), in 
collaboration with Nautilus Institute for Security and Sustainability and Asia Pacific 
Leadership Network (APLN), conducted a three-year study entitled, “Reducing the 
risk of Nuclear Weapons Use in Northeast Asia” from April 2021 to March 2024. 
The objectives of this project are: (1) to understand the risk of nuclear weapons as 
well as conditions leading to the first use of nuclear weapons, (2) to develop policy 
recommendations to minimize such risks, (3) to prevent any use of nuclear weapons 
in the region. 

At first year, the study developed 25 plausible cases of nuclear weapons use in the 
region [7]. The project convened a virtual workshop in October 2021, inviting experts 
on nuclear strategy, security, domestic politics of nations in the region, and nuclear 
disarmament and non-proliferation, from the US, ROK, Japan, Russia, Australia and 
China. The project focused on “triggering events” leading to first use of nuclear 
weapons, and “plausibility” based on reliable evidence is one important criterion to 
develop cases. The study put priority in policy implications and eventually 25 cases 
were developed.1 25 cases were classified depending on the “Intent” (whether it was

1 After Russian invasion of Ukraine in 2022, the study added another five cases for the second-year 
project. 
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Fig. 2.1 Plot of use cases versus intent and type of target 

“intended” or “inadvertent”) and the “target” (“military target” or “urban/civilian 
target”) (Fig. 2.1). 

Figure 2.1 shows the variation of all 25 cases. 
Based on the 25 cases, the study drew policy implications as follows:

• About half of the cases involve “un-intended (inadvertent)” use of nuclear 
weapons. Such “un-intended” use can be triggered by miss-communications, lack 
of mutual understanding, accidents and human errors etc.

• Once nuclear weapons are used, it is very difficult to foresee what will follow. 
Diplomacy could end the conflict, but developments after the first use are unpre-
dictable. Regardless of intentions by policy/military leaders, it is possible that the 
first use of nuclear weapons could develop into uncontrollable nuclear exchange.

• Personalities and behaviors of leaders under pressure (crisis situation) who control 
the “button” could be critically important.

• Diversity of nuclear weapons and nuclear strategies makes it more difficult to deal 
with nuclear weapons under crisis situation. 

2.3.2 Consequences of Nuclear Weapons Use: 5 Cases 

The study shifted its focus on the consequences of nuclear weapons use in Northeast 
Asia in the second year. The study selected five cases out of 30 cases developed in 
previous year, considering the diverse consequences of nuclear weapons use. Here 
is the brief description of five cases (see Table 2.1)  [8].

1. “We are still Here”: The DPRK, facing internal and external economic pressures, 
undertakes what be thought as a “demonstration” nuclear attack over a small ROK
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Table 2.1 Summary of five selected cases 

community for the main purpose of driving the US, the ROK and the international 
community to the bargaining table. In response, the US first attacked DPRK with 
conventional forces and used low-yield nuclear weapons to attack buried targets 
concealing ICBM and other nuclear weapons in DPRK. In total three nuclear 
weapons are used.

2. “US Leadership Hubris”: Overconfident the US president and his advisors made a 
decision to attack on the DPRK’s nuclear and missile systems using both conven-
tional and nuclear weapons. But the mission accomplished only partially, the 
DPRK responded to attack US military bases and industrial targets both in ROK 
and in Japan with nuclear weapons. Additional attack by the US with nuclear 
weapons led China to respond, by attacking US bases in the region. A total of 18 
nuclear weapons are used. 

3. “Terrorist attack” (Variant 1): A terrorist group (unknown) stages an attack to 
gain worldwide attention by detonating nuclear device in metropolitan area of 
Tokyo. Nuclear forensic analyses points to the DPRK as a source of nuclear 
material but is not strong enough to conclude, and the DPRK denies any role in 
attack. Only one small nuclear explosive device was used. 

4. “Conflict from Ukraine spreads to East”: Given the increased threats not only 
from China/DPRK but also from Russia, Japan and the ROK urged the US to 
bring more nuclear weapons in the region. The alarmed Russia decided to increase 
the level of nuclear weapon system to higher alert status. Ultimately, fearing a 
US attack, Russia decided to attack US military bases (naval bases and military 
ships and bases in Japan) in the region with nuclear weapons. The US responds to 
attack Russian Far East nuclear bases with nuclear weapons. A total of 8 nuclear 
weapons are used. 

5. “Not Going well in Taiwan”: In order to distract public in China, Chinese leaders 
decided to attack Taiwan with conventional forces. The US rapidly involved in the 
conflict and China suffered significant setback. Worried about further setbacks 
and to prevent escalation, China first threatens to use nuclear weapons, despite 
of its “no-first-use policy.” With little effect of such threats, China attacks US
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bases in the region with nuclear weapons. In response, the US attacked Chinese 
nuclear and missile bases in China. A total of 24 nuclear weapons are used. 

The results of estimated deaths for each case are summarized in Table 2.2. 
In each case, computer simulations showing the spread of radioactive fallout was 

developed by the study team. Figure 2.2 shows one of such simulation results for 
Case 5. 

Given the results of estimated deaths and spread of radioactive fallout, the study 
drew policy implications as follows.

• Use of nuclear weapons could result in unparallel humanitarian consequences 
compared with conventional weapons both in quantity and quality. Even an attack

Table 2.2 Summary of the estimated deaths for each case 

Fig. 2.2 Simulation results of radioactive cloud for case 5 
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against remote areas with small nuclear devices could result in thousands of casu-
alties. It is also now clear that radioactive fallout could diffuse widely, affecting 
the regions outside the conflict areas.

• Once nuclear weapons are used, there is always a risk that it could lead to global 
nuclear war in a very short time (within hours or days). There are many pathways 
leading to the first use of nuclear weapons (with or without intentions).

• First nuclear weapons used are likely to be “tactical (non-strategic) nuclear 
weapons” and the first targets are likely to be military targets in “nuclear umbrella” 
states, such as those in ROK and Japan. 

2.4 Recommended Actions to Reduce Nuclear Risks 

Based on the results of the first year and the second-year research shown above, 
the study made 23 practical policy recommendations to reduce nuclear risks in the 
region [9]. Most of the recommended policies are the ones once considered to be 
implemented or once introduced in the past. The recommended actions are divided 
into three steps in order of “practicality” or “easiness” of implementation. Some 
selected recommendations are the following. 

1. Warming Actions (Rhetorical and diplomatic gestures aimed at alleviating 
tension in the security environment) (three examples of six actions)

• Rescope extended deterrence dialogues between Japan, ROK and US for risk 
reduction.

• Declare mutual co-existence with China and DPRK, intention to end the 
Korean War and start strategic dialogue with DPRK by the US

• A “No leadership Assassinations” pledge. 

2. Ripening Actions (Individual Restraint) (three out of ten actions)

• A “no nuclear deployment” in NE Asia by the US
• Support the restricting First Use of Nuclear Weapons Act (of US Congress)
• Pause and investigate permanent halt of development and deployment of 

ground-based intermediate-range missiles. 

3. Reciprocal Transformations (Bilateral or Multilateral Initiatives) (three examples 
out of seven actions)

• Multilateralize a moratorium on anti-satellite testing
• A ban on low-yield “tactical” nuclear weapons
• A “nuclear-free seas” initiative with North Korea. 

The leaders of each country in the region could select any one or combination of 
above recommended actions depending on preferences of practicality reflecting on 
the current severe security environment. Any combination of such actions is expected 
to reduce the risk of nuclear weapons considerably.
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2.5 Conclusions 

Northeast Asia is barreling toward nuclear precarity. Policies oriented towards 
increased, stronger, or enhanced deterrence are making the region less secure. 
To make ambitious cooperative measures aimed at bridling the threat of nuclear 
weapons politically feasible, governments must warm and ripen the regional security 
environment so that leaders are able to embrace a less destructive path. 

The declaration, “Let Nagasaki be the Last!” is an ambitious demand, matched 
by our ambitious proposals. We call on leaders from the United States and Northeast 
Asia to help the world ensure that Nagasaki will indeed be the last. 
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Chapter 3 
Controlling AI? A Technological 
Revolution Waiting for a Theory 

Marc Mezard 

Abstract This paper explores the rapid evolution of Artificial Intelligence (AI), 
highlighting its historical landmarks, technological advancements, and the growing 
concerns regarding its interpretability, ethical considerations, and societal impacts. 
The discussion emphasizes the challenges posed by the opaque nature of deep 
learning models, their implications for security and decision-making, and the risks 
associated with autonomous AI-driven systems. Additionally, we discuss the neces-
sity of a theoretical foundation for AI to ensure its responsible and explainable 
deployment. 

3.1 Introduction 

Thanks to the development of deep neural networks trained with machine learning, 
artificial Intelligence has undergone a technological revolution in recent decades. 
While AI systems have demonstrated remarkable capabilities in various domains, 
and in spite of the fact that one knows all the parameters of a trained neural network, 
the underlying mechanisms of how it reaches its results remain largely unexplained. 
This paper summarizes the trajectory of AI development, insisting on its theoretical 
gaps, and the pressing need for a deeper understanding. 

The rapid acceleration of AI-driven applications raises fundamental questions 
about control, explainability, and trust. From chatbots to autonomous decision-
making systems, the integration of AI into everyday life necessitates an urgent 
exploration of its implications.
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3.2 Historical Milestone in the Development of AI 

The development of artificial intelligence has been punctuated by several pivotal 
breakthroughs. These milestones not only reflect technological advancement but 
also the shifting understanding of learning, perception, and reasoning in artificial 
systems. 

1958: The Perceptron 

The Perceptron, introduced by Frank Rosenblatt, was one of the earliest models for 
binary classification inspired by the structure of the brain. It formalized a simple 
neural unit that computes a weighted sum of inputs and applies a threshold. Despite 
its limitations—notably its inability to learn non-linearly separable functions, as 
pointed out by Minsky and Papert—the Perceptron laid the conceptual foundation 
and the basic building block for later neural network architectures. 

1980s–1990s: Neural Network Renaissance 

The 1980s and 1990s witnessed a resurgence in neural network research, driven by 
key algorithmic and architectural advances. The backpropagation algorithm, popu-
larized by Rumelhart, Hinton, and Williams, enabled efficient training of multilayer 
networks. At the same time, convolutional neural networks (CNNs), introduced by 
LeCun and colleagues, demonstrated remarkable performance in image recogni-
tion tasks. Meanwhile, Boltzmann machines provided a probabilistic framework 
for learning complex representations, laying the groundwork for generative models. 
An influential contribution from this period was the network, introduced by John 
Hopfield, which modeled associative memory using recurrent neural dynamics. The 
Hopfield model bridged ideas from physics, particularly spin glass theory, and neuro-
science, capturing how neural systems might store and retrieve information. These 
developments helped forge deeper ties between AI and neuroscience, culminating in 
the emergence of computational neuroscience as a field devoted to the mathematical 
modeling of neural processes and cognition. 

2012: AlexNet and Deep Learning 

After an ‘AI winter’, a significant turning point came with the introduction of Alex 
Net, a deep convolutional neural network that dramatically outperformed traditional 
methods in the ImageNet competition of image classification. AlexNet demonstrated 
that, when combined with large-scale datasets and GPU acceleration, deep networks 
could achieve state-of-the-art performance in computer vision. This catalyzed a wave 
of interest in deep learning across various domains. 

2015–2017: AlphaGo and AlphaGo Zero 

AlphaGo marked the first time an AI defeated a human world champion in the ancient 
board game Go, a feat previously thought unattainable due to the game’s complexity. 
This was followed by AlphaGo Zero, which was a major evolution in the sense 
that it learned without any human data, mastering the game purely through self-play.
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These systems combined deep reinforcement learning with Monte Carlo Tree Search, 
illustrating the power of self-supervised learning and planning. 

2020: AlphaFold 

AlphaFold is a major achievement in science. It basically solved the decades-
old protein folding problem by predicting 3D structures of proteins with near-
experimental accuracy. AlphaFold was trained on a massive database of known 
protein structures, such as those found in the Protein Data Bank (PDB), enabling 
it to learn statistical patterns linking amino acid sequences to spatial conforma-
tions. This data-driven approach significantly outperformed traditional physics-based 
methods, which relied on the detailed modeling of biochemical interactions and 
molecular forces. By leveraging deep learning, AlphaFold achieved a level of predic-
tive accuracy previously thought unattainable, transforming computational biology 
and offering new tools for scientific discovery in drug design, genomics, and disease 
understanding. 

2022: ChatGPT and Large Language Models 

ChatGPT, built upon the GPT-3 and GPT-4 transformer architectures, exemplifies 
the capabilities of large language models (LLM). Trained on vast text corpora and 
fine-tuned using reinforcement learning from human feedback, LLM can perform a 
range of natural language tasks with fluency and contextual awareness. A few months 
after their release, their widespread adoption sparked discussions about AI safety, 
bias, misinformation, and the broader implications of generative models. 

These are some of the major steps which illustrate the extremely rapid progress 
of AI technology in the last 12 years. 

3.3 Machine Learning and Neural Networks 

Most of the remarkable progress in artificial intelligence over the last decade has been 
driven by the rise of deep neural networks (DNNs). These models consist of multiple 
layers of artificial neurons, where each layer transforms its input data through a 
combination of learned weights and nonlinear activation functions. This layered 
architecture allows the network to learn hierarchical representations of data, where 
each successive layer captures increasingly abstract features. An artificial neuron 
receives input values, multiplies them by corresponding weights, sums the results, 
and passes the sum through a non-linear activation function to produce its output. 
This process is repeated across layers, enabling the network to capture complex 
input–output relationships. Figure 3.1 illustrates a typical deep feedforward network 
(Fig. 3.1).
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Fig. 3.1 Left: a deep feedforward neural network with multiple layers. Right: structure of an 
artificial neuron. Source deep_net.it; artificial_neuron.png 

3.3.1 The Learning Task 

A deep network is characterized by its general architecture (number of layers, width 
of the layers, types of nonlinearities in each layer), and by the set of weights which 
modulate the inputs to each of the neurons. Modern networks can have tens of 
billions of weights. Their values are obtained by supervised machine learning. This 
process consists in finding the weights such that the machine maps inputs (e.g., image 
pixels or word sequences) to outputs (e.g., categories or values), based on a labelled 
dataset. This process involves optimizing the weights to minimize a loss function 
that quantifies the difference between predicted and true labels. Because of the large 
number of weights to be fixed, the training needs to be done on massive datasets. The 
training process, while conceptually straightforward, is computationally intensive 
and typically carried out on high-performance GPUs or TPUs over days or even 
weeks. 

3.3.2 Why Now? The Renaissance of Neural Networks 

Feed forward neural networks in their present shape have existed since the 1980s, 
but several factors have recently contributed to their resurgence:

• Dramatic increase in computational power
• Availability of massive labelled datasets
• Advances in software frameworks and automatic differentiation libraries
• Accumulated empirical know-how for network design and training
• The emergence of generative models, capable of synthesizing data such as images 

and text. 

The present technological breakthrough is largely due to the increase in computing 
power and availability of big data to train larger and larger networks. Mehonic and 
Kenyon illustrate that the amount of computing power used by latest AI software



3 Controlling AI? A Technological Revolution Waiting for a Theory 25

Fig. 3.2 Scaling laws for large language models, from Kaplan et al.: Language modeling perfor-
mance improves as one increases the amount of computer, the dataset size, and the size of the 
network with power-law scaling involving small exponents. Source: Simple PowerLaws.pdf 

has increased faster than exponentially in recent time. While it used to double every 
second year (Moore’s law), since 2012 it seems to double every 3 to 4 months. 

In addition, research such as Kaplan et al. has shown that performance improve-
ments in large language models follow precise scaling laws, where predictive accu-
racy increases predictably with model size, dataset size, and compute. These scaling 
laws (see Fig. 3.2) guide model development and resource allocation. Because 
the scaling exponents are small, one needs to increase size, data and computer 
considerably in order to get good performance. 

3.4 Generalization and the Black Box Problem 

Well-trained deep networks present a paradox. On the one hand we know everything 
on the network: we can explicitly list and analyze all weights and activations, we 
know the value of each neuron when an input is presented to the network. But in 
practice the trained network is used as black box. You present a new input and you 
read in the output the classification “guessed”, or “inferred” by the network. A big 
problem is that, in spite of knowing everything, we understand rather little of what 
the network actually does (Fig. 3.2). 

The internal reasoning behind their decisions remains largely opaque. This opacity 
raises serious concerns:

• There is no guarantee that the model will perform well outside its training 
distribution.

• Interpretability is limited: although all learned parameters are known, the 
emergent behavior of the network is not well understood.
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• The mechanism of generalization is not well understood. On the one hand, Zhang 
et al. demonstrated that deep networks can memorize completely random labels, 
yet still generalize well on real data, suggesting that traditional generalization 
theory is insufficient. Belkin et al. showed that overparameterized models can 
generalize effectively beyond the classical bias-variance tradeoff. These insights 
point to the complexity of generalization in high-dimensional, overparameter-
ized models, and emphasize the need for new theoretical frameworks to better 
understand their behavior. 

The lack of explainability in AI decision-making reduces trust and usability in 
critical applications such as healthcare, finance, and law enforcement. Unlike tradi-
tional algorithms that come with well-defined rules and guarantees, deep learning 
models operate without formal assurances of their performance. As AI becomes more 
deeply integrated into decision-making processes, the inability to explain outcomes, 
or develop some kind of logical or causal justification, poses significant risks. Without 
a theoretical foundation to explain these phenomena, AI remains an unpredictable 
tool: its prediction maybe statistically well founded, but we have no controls on 
possible outliers, which pose a serious problem in safety–critical domains. 

To summarize, the disconnect between empirical success and theoretical under-
standing is one of the central challenges in modern machine learning. It is also 
one of the most important scientific challenges today, which connects deeply with 
fundamental questions in neuroscience and complex systems. 

3.5 Societal and Security Implications 

AI is increasingly influencing society in ways that raise major ethical and security 
concerns. I shall not address all the many issues related to the transformation of work, 
but I want to insist on three types of risks. 

One of the primary risks is mass surveillance, where AI-driven monitoring systems 
threaten individual privacy and civil liberties. Governments and corporations leverage 
AI to track behaviors, analyze data, and even predict actions, often without adequate 
oversight or transparency. Already in 2019, Steven Feldstein was underlying that 
“Around the world, AI systems are showing their potential for abetting repressive 
regimes and upending the relationship between citizen and state, thereby accelerating 
a global resurgence of authoritarianism”, underlying that “it offers a number of 
particular benefits to authoritarian and illiberal regimes”. This tendency has become 
even worse in the last 5 years. It isn’t a risk for the future, it is already well present. 
In several countries, police forces use face recognition device in order to screen 
and target demonstrators or political opponents. As mentioned by Gian Piero Siroli 
during this conference, there have been reports that AI has been used by Israeli 
Defense Force to target potential Hamas terrorists after October 7 attack, including 
locating their homes and destroying these homes and all inhabitants.
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A second risk already at work is associated with one of the most remarkable 
developments of the last years in AI: generative models. In these models, instead 
of classifying, one attempts at generating fake data. Starting from a database, for 
instance a set of images of dogs, one aims at generating a new image of a dog which 
is not an image in the database (this would be memorization), but a new image of a 
new (non-existing) dog. A lot of progress has been made in recent time on generative 
models, and for instance generative diffusion techniques have reached a high level 
of performance on images, sound and video generation. 

At the heart of these methods is the capacity of deep networks to interpolate in 
large dimensions: in some sense they can interpolate between the many images of 
dogs they have seen in the database to create a new image. In this case the risk of 
mischievous use of this technological breakthrough is obvious. AI can now be used as 
a mass factory of fake news. It is very hard to imagine how a democracy can function 
in such a context. This has been clearly summarized by Hanah Arendt: “What makes 
it possible for a totalitarian or any other dictatorship to rule is that people are 
not informed; how can you have an opinion if you are not informed? If everybody 
always lies to you, the consequence is not that you believe the lies, but rather that 
nobody believes anything any longer”. AI-generated content, including deepfake 
videos and highly convincing fake news, can influence public opinion and elections, 
undermining trust in information. As AI becomes more capable, the potential for 
malicious use increases, necessitating stringent policies and frameworks to mitigate 
these risks. There are many occurrences of using such massive disinformation to 
destabilize other countries, or convince their public opinion of some fake situations. 
This could also very well be relevant in the context of potential use of nuclear 
weapons. 

The third type of risk I want to stress is of primary concern, and deeply related 
to the topic of this conference. Deployment of AI in warfare presents profound 
ethical dilemmas. Lethal Autonomous Weapon Systems (LAWS) have the potential 
to conduct military operations without human intervention, raising questions about 
accountability and control. The ability of AI to make autonomous kill decisions 
challenges the traditional frameworks of international law and warfare ethics. While 
several military commands have announced ethical code decisions requiring a ‘man 
in the decision loop’ who can authorize the order to fire on a target, it will be very 
difficult to implement this position on the ground. The capacity of gathering and 
analyzing information very fast provides a decisive advantage on the battlefield. 
Clearly, the capacity of AI to analyze almost instantaneously a large amount of data 
from various sources and propose a tactical decision is used and will be used more 
and more. Implementing the ethical code under the pressure to make fast decisions 
will not be easy. This acceleration of the decision time is a global threat, particularly 
in the context of nuclear weapons.
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3.6 Conclusions 

AI is a powerful yet poorly understood tool. The rapid technological progress neces-
sitates the development of a theoretical foundation to ensure safe and ethical deploy-
ment. Addressing interpretability, robustness, and societal impact remains crucial 
for future advancements. As AI continues to integrate into critical decision-making 
processes, interdisciplinary efforts in ethics, law, and technical research are needed to 
bridge the gap between capability and understanding. Only by fostering transparency 
and accountability can AI truly benefit society without unintended consequences. The 
challenge ahead lies not only in advancing AI technology but also in ensuring that it 
serves humanity in a manner that is responsible, ethical, and sustainable. 

Furthermore, there is no way one can hope to stop AI proliferation: while training 
very large scale foundation LLM is costly, and so far limited to a few private compa-
nies, adapting AI tools to specific situations is relatively easy, and it is very hard to 
monitor or limit. Societies and regulations need to adapt to the accelerated evolution 
of AI, developing a culture and sets of tools which will be able to mitigate the risks. 
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Chapter 4 
Warfare at AI Speed and the Extended 
Meaningful Human Control Problem 

Daniele Amoroso, Diego Mauri, and Guglielmo Tamburrini 

Abstract As militaries increasingly incorporate Artificial Intelligence (AI) into 
their decision-making architecture, legal and ethical debates have primarily focused 
on Autonomous Weapon Systems (AWS). This paper argues that equally urgent 
challenges concern AI-enabled Decision-Support Systems (DSS-AI), even though 
these systems formally preserve human authority over the use of force. We develop 
the concept of extended meaningful human control (MHC) to address normative 
risks posed by DSS-AI in operational environments where time pressure, cogni-
tive constraints, and system opacity converge to marginalize human agency in the 
decision-making loop. Our argument draws on two scenarios in which the integration 
of AI in military decision-making is linked to the scarcity of temporal resources— 
whether inherent (as in nuclear early warning systems) or induced (as in the alleged 
use of DSS-AI by the Israeli Defense Forces in Gaza). Both cases illustrate how taking 
critical military decisions at AI speed raises profound ethical and legal concerns. 
To resist the erosion of MHC, we propose three implementation pathways: human-
centered system design, clearly distributed responsibility within command structures, 
and training programs to counter cognitive and institutional sources of automation 
bias. These measures should be codified in a multilateral treaty or, failing that, 
embedded in national doctrines and military manuals to resist the systemic drift 
toward “warfare at AI speed”.
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4.1 Introduction 

Military powers are rapidly incorporating Artificial Intelligence (AI) technologies 
into their defense systems. These AI-enabled developments include Autonomous 
Weapons Systems (AWS) and systems supporting multiple facets of military 
decision-making, which range from strategic planning to operational support of 
battlefield actions. 

Decision-support systems enabled by AI technologies (DSS-AI from now on) 
crucially differ from AWS in the control roles that are assigned to human operators. 
AWS can select and then proceed to engage targets without requiring any human 
intervention after their activation. By contrast, DSS-AI provide advice and other 
relevant information to human decision-makers. The latter are assigned by design 
the power to accept, revise, or reject the content of these inputs. In view of their 
autonomy in target selection and engagement, AWS have raised ethically and legally 
significant human control issues [4, 11, 13]. DSS-AI have been found to raise human 
control issues of a different kind [21], whose insurgence is not prevented by the 
fact that DSS-AI, unlike AWS, are subject by design to human judgment and gating 
functions. 

In this contribution, we focus on military decision-making involving DSS-AI 
at the operational level, identifying major sources of human control hurdles in the 
narrow temporal resources that are often available in those decision-making contexts 
and in limitations of our capability to understand, predict precisely, and explain the 
behavior of AI systems in general, and DSS-AI in particular. This general claim is 
explored in connection with two different scenarios. 

The first scenario (examined in Sect. 4.2) involves the use of DSS-AI in nuclear 
early warning. A major motivation for this proposal is that sensory processing at 
AI speed can help one achieve situational awareness more rapidly, thereby making 
more time available for downstream human decision-making in response to nuclear 
attack warnings. It is argued, however, that this expectation fails to properly consider 
the extra time that one must spend to verify the correctness of DSS-AI outputs. This 
extra time may offset and even reduce the time available for downstream human 
decision-making. 

The second scenario (examined in Sect. 4.3) concerns the alleged use of DSS-
AI made by the Israeli Defense Forces (IDF) to identify bombing targets in Gaza. 
Unlike the nuclear early warning scenario, which is characterized by an inherent 
scarcity of temporal resources, a problem of induced scarcity of temporal resources 
is denounced to arise in this case—more specifically, scarcity induced by hierarchical 
pressure to adapt the pace of human decision-making to the speed of AI information 
processing. It is argued (Sect. 4.3.1) that this induced scarcity may trigger human 
cognitive biases, which jeopardize the effectiveness of human control on DSS-AI 
advice. 

In Sect. 4.4, it is claimed that in both conditions of inherent and induced scarcity 
of temporal resources, limitations of present AI technologies and human cognitive 
biases converge to erode the meaningful human control (MHC) that one should exert
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on military DSS-AI used in operational decision-making. And the erosion of MHC on 
DSS-AI is found to introduce new threats to the respect of international law, including 
International Humanitarian Law (IHL) and the law against war ( jus ad bellum or jus 
contra bellum). While existing rules and principles of international law can already 
be construed as requesting MHC on DSS-AI, it is argued that States and other interna-
tional actors must urgently countervail the ongoing erosion of MHC on DSS-AI, by 
sharing best practices based on human-centered control design and training, by intro-
ducing appropriate national and international regulation, and ultimately by checking 
the ongoing military race towards the objective of fighting wars at AI speed. Acting 
against the hunger for augmented speed in the battlespace is precisely what legal and 
ethical requirements currently impose. Section 4.5 concludes. 

4.2 The Illusion of Buying Time: AI Speed and Human 
Control in Nuclear Early Warning 

The major nuclear powers seem to converge on the position that decisions to use 
nuclear weapons must firmly remain in human hands. This is not only supported by 
self-evident political exigencies, but also inferable from the rules on the use of force 
in international relations and self-defense ( jus ad bellum) and those of international 
humanitarian law (IHL, jus in bello), which severely restrict the threat or use of 
nuclear weapons. As the International Court of Justice famously held, indeed, the 
“use of nuclear weapons would generally be contrary to the rules of international 
law applicable in armed conflict”, the only exception being their use “in an extreme 
circumstance of self-defence, in which the very survival of a State would be at stake” 
(ICJ, Legality of the Threat or Use of Nuclear Weapons, Advisory Opinion of 8 July 
1996, Dispositif, para. 2D).1 

However, nuclear states have not excluded several ways in which DSS-AI may 
contribute to nuclear command, control, and communication (NC3), including the 
identification of potential missile launches through sensor data processing, prelaunch 
activity detection, and the selection of actions to undertake in response to nuclear 
threats [22, 8]. In this section, we focus on the proposal to use DSS-AI for potential 
missile launch identification. The main rationale for this proposal to use DSS-AI in 
nuclear early warning is that AI processing is expected to reduce potential errors, and 
its speed is expected to buy more time for nuclear decision-makers within the narrow 
temporal windows that are available to them [19, 104, note 22]. These temporal 
windows are inherently narrow insofar as the time span typically elapsing from 
missile launch to impact is less than 30 min. 

It is undoubtedly of paramount importance to make as much time as possible avail-
able to nuclear decision-makers within that inherently restricted temporal window; 
what is more, this should be ‘quality’ time, in which decision-makers may carefully

1 It should be noted that the Court was deeply divided on this point, which was included in the 
Dispositif only thanks to the President’s casting vote. 
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evaluate the real nature of the incoming attack and whether a nuclear response is due 
and in line with jus ad bellum requirements of immediacy, necessity and proportion-
ality [20]. However, the relevant question is whether AI provides effective means to 
pursue this goal. Significant doubts about a positive answer to this question are fueled 
by reflecting on current limitations of AI technologies based on machine learning and 
on related human-AI interactions. Let us briefly recall here some of these limitations, 
which have played a central role already in the framework of ethical and legal debates 
about the human control of AWS [4]. These limitations notably include (i) the epis-
temic difficulty to go beyond statistical assessments of an AI system’s accuracy and 
to predict its pointwise behaviors; (ii) AI errors that adversarial machine learning 
investigations have highlighted, and that the human cognitive system is unlikely to 
commit; (iii) the opacity of much AI information processing. 

Consider item (i) under the assumption that a DSS-AI system was already tested 
and found to achieve highly accurate results in nuclear launch detection. These accu-
racy results do not exclude the occurrence of an infrequent mistake, such as a false 
positive detection of incoming nuclear missiles. Since the occurrence of such infre-
quent mistakes may trigger an unjustified use of nuclear weapons, the ensuing high 
risk for civilian populations and human civilizations demands systematic probing of 
the veracity of DSS-AI perceptual responses. But the time spent on this task may 
offset any temporal gain for human decision-makers that one may expect to flow 
from this use of DSS-AI in nuclear early warning. 

Similar doubts are strengthened by considering item (ii), that is, the discovery 
of unexpected fragilities in AI information processing, leading to mistakes that 
AI systems may commit, and that the human perceptual system would unprob-
lematically detect and avoid. These fragilities of AI information processing have 
been uncovered by means of adversarial machine learning techniques [7], thereby 
revealing perceptual situations in which human information processing is more robust 
than AI information processing. One cannot presently exclude that AI systems for 
nuclear early warning will make counterintuitive and potentially catastrophic errors 
of the same sort that adversarial machine learning highlighted in other critical appli-
cation domains. Bringing these reflections to bear on international law, the issue 
emerges—which is admittedly little explored in doctrine—of the so-called “puta-
tive” self-defense, that is, the mistake of fact committed by a State that in good faith, 
but mistakenly, believes an armed attack is occurring against it, and thus reacts by 
resorting  to  force [15]. While the debate on whether genuine mistakes of fact may 
justify States’ reactions concerns mostly cyberattacks, it seems to us that it affects 
also—and to a more troubling extent—DSS-AI in nuclear early warning, due to the 
catastrophic consequences that such mistakes of fact are likely to generate. 

Let us finally consider item (iii). Arguably, assessing the veracity of DSS-AI 
responses may require human decision-makers to get some understanding of the 
reasons supporting those responses. But this task introduces additional temporal 
delays, amplified by the information processing opacity presently affecting DSS-AI 
and other AI systems based on machine learning and Deep Neural Networks (DNNs). 

In conclusion, a reflection on limitations (i)–(iii) raises legitimate doubts on the 
prospects of leveraging AI processing speed to ease inherently scarce temporal
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resources in nuclear decision-making, insofar as this expectation overlooks that extra 
time must be spent to verify the correctness of DSS-AI outputs in this high-risk mili-
tary domain. Such ‘extra’ time stands not only as an ethical requirement (making 
‘correct’ choices in a highly critical domain) but also as a key tool to ensure respect 
for jus ad bellum requirements. 

4.3 Inducing Time Pressure Through AI: IDF Uses 
of DSS-AI in Gaza 

In this section, we turn to consider the military drive to leverage AI speed from a 
different perspective: from the proposal of buying more time for human decision-
makers with the help of AI speed, we now examine proposals to leverage AI speed 
to increase the pace of operational decisions concerning actions in conventional 
battlefields. 

A suitable scenario that enables one to explore these proposals is afforded by news 
reports concerning DSS-AI systems, known as Habsora (Gospel), Where’s Daddy 
and Lavender, employed by the Israeli Defense Forces (IDF) in the armed conflict 
in Palestinian territories. Israel has resorted heavily to those systems to identify 
bombing targets in Gaza and its surroundings, in the aftermath of the massacre of 
innocent civilians perpetrated by Hamas within Israeli territory on October 7, 2023. 

According to investigations carried out by the + 972/Local Call magazines and 
published between 2023 and 2024 [1, 2], the IDF employed these DSS-AI to generate 
lists of potential bombing targets in the Gaza Strip. A team of specialists in the IDF 
targeting division was appointed with the task of reviewing downstream the items 
included in AI-generated lists of potential targets, eventually approving or rejecting 
AI recommendations based on a legitimacy check. However, undisclosed sources in 
the IDF targeting division stated that the automation of the target generation task 
increased dramatically the targeting division’s productivity in the way of potential 
target generation, moving “from 50 targets a year to 100 targets a day”. While this 
stunning increase does not per se run in contravention with existing international 
rules, it must be assessed whether this drive to augmented speed in the battlespace 
risks fueling behaviors that are not in line with legal and ethical requirements. 

The increased machine productivity in target generation gave rise to a decision-
making bottleneck. According to an anonymous source, human operators perceived 
psychological pressure to align their filtering decisions to the pace of machine 
targeting suggestions. Indeed, this source complains about the assembly line char-
acter imposed on the filtering task (“it really is like a factory”), about the lack of 
sufficiently extended time frames to overview machine suggestions and to provide 
considered judgments about legal compliance (“we work quickly and there is no time 
to delve deep into the target”). Related to this, the same anonymous source mentions 
the introduction, higher up in the military hierarchy, of new criteria to evaluate the 
performances of targeting division members, which prize increased output volumes
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of approved targeting suggestions (“the view is that we are judged according to 
how many targets we manage to generate”) [1]. Consistently with this view, target 
selection procedures were drastically simplified: “One source stated that human 
personnel often served only as a ‘rubber stamp’ for the machine’s decisions, adding 
that, normally, they would personally devote only about ‘20s’ to each target before 
authorizing a bombing—just to make sure the Lavender-marked target is male.” [2]. 

In the scenario described in this investigative news report, military commanders 
expect human control to be exerted under more demanding temporal constraints, 
intimate their subordinates to adapt the pace of human decision-making to increased 
machine productivity, and provide incentives when the acceptance rate on DSS-AI 
suggestions goes up. 

Let us now examine this scenario from the perspective of MHC and the related 
normative requirement of protecting MHC functions from situations in which 
human control boils down to little more than clerical rubber-stamping of machine 
suggestions. 

The described circumstances suffice to contend that the practice of DSS-AI in the 
Israel-Palestine conflict fails to comply with the principle of precautions in attacks, 
one of the cornerstones of the law of armed conflict. What is more, it is known that 
those systems make what are regarded as “errors” in approximately 10% of cases, 
occasionally marking individuals who have merely a loose connection to militant 
groups, or no connection at all [2]. It follows that Israel accepts not only the hazard, 
but even the virtual certainty of engaging impermissible targets—a conduct that 
breaches existing rules on distinction and proportionality in the conduct of hostilities, 
giving rise to both international responsibility of the State and, to the extent that 
such conduct qualifies as war crimes such as attacks against the civilian population 
and excessive collateral damage under Art. 8(2)(b)(i) and (iv) of the ICC Statute, 
international criminal responsibility for individuals involved [5, 14]. 

4.3.1 Automation Bias and Related Human Decision-Making 
Heuristics 

It was noted in Sect. 4.2 that in situations brought out by adversarial machine learning, 
human and AI perceptual processing show some complementary strengths and weak-
nesses. In some circumstances, the human perceptual system appears to be more 
robust than AI perceptual processing. This observation supports the claim that MHC 
must play the prospective responsibility role of a fail-safe agent, contributing to some 
extent to counteracting possible effects of failure anticipated by adversarial machine 
learning. However, the performance of this fail-safe function is likely to be jeop-
ardized by the automation bias onset. The expression “automation bias” designates 
a propensity of human decision-makers to defer to recommendations advanced by 
DSS systems despite warning signals or retrievable information to the contrary.
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In the above IDF scenario, the onset of the automation bias may be facilitated by 
the so-called “authority bias”, that is, the tendency to attribute greater value to the 
opinion of an authority figure and to be more influenced by that opinion [16]. Here, 
the authority bias may invite subordinates to emulate behaviors of lenient attitudes 
towards DSS advice adopted by role models in the targeting division and incentivized 
by hierarchical superiors. The reluctance to question “algorithmic authority” may 
additionally stem from a different, albeit related phenomenon: a DSS-AI operator 
would indeed be strongly discouraged from overriding the system’s recommendation 
by the fact that he or she “will be personally blamed if the override goes wrong” with 
likely negative career consequences, while the failure to reject a harmful recommen-
dation leaves open the possibility “to blame the AI for any difficult decision with a 
negative outcome” [8, 317]. 

Moreover, automation bias was experimentally probed in aviation and other time-
critical control domains [10]. Anecdotal evidence of automation bias in time-critical 
military situations of DSS use has been widely reported, including friendly fire 
episodes in the first Iraqi war induced by wrong DSS detection of approaching 
enemy fighter jets. A psychological mechanism that has been hypothesized to pave 
the way to automation bias in time-critical domains has to do with the dual nature of 
human decision-making. 

Dual models of human decision-making identify a significant source of human 
judgment perturbation in the psychological pressure to meet tight deadlines under 
severe cognitive load [25]. In this regard, Daniel Kahneman introduced an admit-
tedly simplifying distinction between two distinct cognitive “systems”, respectively 
subsuming heuristic and more analytic decision-making [12]. System 1 is a blanket 
term collecting heuristic decision-making processes that tend to be faster, mostly 
automatic, default and often emotionally laden. System 2 embraces more reflective 
and analytical decision-making processes that are usually slower and less readily acti-
vated. The two systems operate concurrently, but not always cooperatively. Options 
that are more readily selected by System 1 are often accepted by default, and concur-
rent efforts by System 2 are disregarded, especially when there is limited time to 
decide what to do. 

To illustrate, consider the so-called WYSIATI (What-You-See-Is-All-There-Is) 
heuristics, identified and experimentally probed by Daniel Kahneman and Amos 
Tversky. WYSIATI is a System 1 heuristics reflecting, according to Kahneman, 
a “remarkable asymmetry between the ways our mind treats information that is 
currently available and information we do not have”. People tend to focus on what 
is clearly visible to them, neglecting information that is not known or not presently 
retrieved from memory: “Information that is not retrieved (even unconsciously) from 
memory—Kahneman observed—might as well not exist.” One jumps to conclusions 
based on this asymmetry and goes on to construe “the best possible story that incor-
porates ideas currently activated”, endorsing by default the (often but not invariably 
correct) belief that only this information is relevant [12, 85]. The WYSIATI heuristics 
induces people to focus on what is clearly visible to them and to treat as non-existent 
information that is not known or not presently retrieved from memory. WYSIATI 
may contribute to predict or explain tendencies to conform to DSS-AI advice. In
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particular, the lists of targets generated by the DSS-AI allegedly used by the IDF in 
Gaza are readily visible to human controllers, whereas considerable cognitive effort 
might be needed on their part to carefully assess (and, in case, reject) them on rational 
grounds and to propose different courses of action. The anchoring heuristic strategy 
attributed to System 1 may further contribute to explain the tendency to conform to 
DSS-AI suggestions, insofar as an individual’s decisions turn out to be influenced by 
an initial reference point or anchor. In this case, the anchor is provided by DSS-AI 
advice and the human controller’s subsequent evaluations and conclusions tend to 
stay closer to the anchor than they would have been otherwise. 

4.4 The Why and How of Extended MHC on AI-Enabled 
Warfare 

A major source of what we call here the extended MHC problem is AI speed and its 
influence on human decision-making supported by DSS-AI. It has been suggested that 
both inherent and induced scarcity of temporal resources in operational decision-
making involving DSS-AI significantly hinder the ability of human operators to 
intervene in the process. 

Military deployment of these systems, in other terms, tends towards “a dramati-
cally reduced decision-making cycle as the capabilities in this area improve” [18]. 
In this context, the operational tempo of decision-making is no longer dictated by 
human limits. It is rather adapted to the accelerated outputs of machines, with the 
human role increasingly being reactive rather than deliberative. Commanders who 
once had the luxury of measured deliberation will now be “forced to [make deci-
sions] in seconds,” particularly when facing adversaries leveraging AI to accelerate 
battlefield tempos [9]. 

The fear of lagging behind in the arms race toward hyper-accelerated decision-
making is already influencing strategic doctrines among the world’s leading military 
powers [23]. The competitive pressure to match or surpass the adversary’s DSS-AI 
capabilities, as well as the ever-lasting doctrine of nuclear deterrence (now entering 
an unprecedented phase due to its combination with AI systems), lead to a global 
landscape situation where deliberation time itself becomes weaponized. 

These developments point to a growing and pervasive normative challenge in 
contemporary military practice: the need to ensure meaningful human control in 
the use of DSS-AI. Unlike traditional discussions focused on autonomous weapon 
systems, this problem arises even when humans remain formally in the loop but 
operate under conditions that may undermine deliberation and oversight. Such 
extended MHC problem can be distinguished into two parts. The first concerns the 
why, that is, the extant motivations for requiring MHC on DSS-AI. The second part 
of the problem has to do with the how of such MHC, that is, with the ways military 
uses of DSS-AI must be harnessed to ensure MHC.
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To begin with the why, one can draw on previous analyses of the ethical and legal 
motivations for requiring MHC in the use of Autonomous Weapon Systems (AWS). 
As suggested elsewhere, human agents are normatively required to play three key 
roles in weapon system operations: as fail-safe actors, accountability attractors, and 
moral agency enactors [4, 24]. 

Among these roles, the fail-safe function stands out as particularly crucial in the 
case of DSS-AI. It posits that human oversight is necessary to detect and correct 
failures that would otherwise go unaddressed by the system itself, especially when 
these failures stem from adversarial misclassifications, erroneous correlations, or 
incomprehensible black-box outputs. 

One might argue that this role is redundant in the DSS-AI context, since a human is 
always present to take the final decision. Yet, as discussed in Sect. 4.3.1, the practical 
conditions of decision-making—marked by extreme time pressure, information over-
load, and hierarchical incentives—often preclude meaningful verification or dissent. 
What eventually results from the present analysis is a procedural façade of control, 
in which the presence of a human decision-maker cannot fulfill the underlying moral 
and legal function of serving as a check on system failure. 

In this sense, the core concern articulated by Article36 with regard to AWS in 
its ground-breaking analyses on MHC—namely, the distinction between meaningful 
and perfunctory human control—resurfaces with full force in the DSS-AI domain [6]. 
If the human role does not include the capacity and conditions to act as a fail-safe, 
then the ethical and legal demands associated with human control remain unmet, 
even if a human technically signs off on each action. 

Having outlined the why of MHC over DSS-AI, we now turn to the more chal-
lenging question of how such control might be practically implemented in AI-enabled 
military contexts. A valuable starting point in this regard is offered by the ICRC’s 
2021 position paper on autonomous weapon systems [11]. While the document 
does not explicitly use MHC terminology, it provides one of the more authoritative 
attempts to translate normative concerns for human control into concrete operational 
criteria. As such, it offers not only a regulatory benchmark for AWS, but also a 
conceptual scaffold for designing control mechanisms in the case of DSS-AI. 

In particular, the ICRC articulates the following requirement for ensuring 
appropriate human oversight: 

(MHC_1) Human decision-makers must be in a position to assess whether AWS operation 
is constrained – by design or situation of use – to objects that are legitimate military targets, 
and to intervene as required. This presupposes limits on duration, scope, and scale of use, 
and requires provisions for proper human supervision, judgement, timely intervention, or 
deactivation. 

Although this condition is formulated in relation to systems that autonomously 
apply force, its underlying structure is directly relevant to the challenges posed by 
DSS-AI. Here, the primary risk is not kinetic action, but epistemic distortion— 
namely, the influence of machine-generated inferences on human situational aware-
ness and decision-making. Extending the ICRC’s approach to the DSS-AI domain, 
one may envisage a parallel requirement:
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(MHC_2) Human decision-makers must be in a position to assess the veracity of DSS-AI 
perceptual inferences, to form pondered and well-informed judgments about their recom-
mendations, to evaluate the likely real-world effects of actions undertaken on the basis of 
such inferences and recommendations, and to filter DSS-AI information and advice. 

Translating the condition expressed in (MHC_2) into concrete operational 
measures requires addressing the interplay of cognitive, institutional, and proce-
dural factors that determine whether human control is merely formal or functionally 
effective. The following elements are proposed as essential to the implementation of 
extended MHC in the DSS-AI domain:

• Adopting a human-centered approach grounded in cognitive ergonomics. The 
design of DSS-AI interfaces and workflows must take into account human cogni-
tive limitations, especially under conditions of stress and time pressure. Insights 
from cognitive ergonomics highlight the importance of mitigating cognitive biases 
that are exacerbated by the accelerated tempo of AI-supported decision-making. 
In particular, systems should be designed to slow down decision points where 
high-stakes judgments are required, or to flag situations where overreliance on 
machine inferences is likely. This includes ensuring that output is presented in 
interpretable formats and that users are not cognitively overloaded by irrelevant 
or excessive information [17].

• Ensuring a clear distribution of responsibilities along the chain of command 
and control. The allocation of roles and responsibilities in the use of DSS-AI 
must be explicitly defined, including at the design, deployment, and operational 
stages. This requirement is rooted in both ethical imperatives and established 
legal frameworks, particularly those of international humanitarian law (IHL) and 
international criminal law (ICL), let alone jus ad bellum rules that are of paramount 
importance in scenarios involving AI-DSS nuclear warning systems. Discussions 
around human responsibilities for attacks against civilians allegedly carried out 
by the IDF on the advice of DSS-AI illustrate the legal and moral necessity of 
clarifying who is responsible for what in AI-assisted decision-making processes.

• Promoting suitable training programs. One key challenge to MHC is the forma-
tion of prior beliefs about AI capabilities, which are more and more often shaped 
by technological hype and related marketing narratives. The prevailing discourse 
around DSS-AI tends to emphasize superhuman accuracy and efficiency, while 
obscuring system limitations such as brittleness and lack of contextual under-
standing. Moreover, pre-conceptions formed through experience may also result 
in selective adherence, whereby users accept DSS recommendations only when 
they confirm preexisting intuitions or stereotypes [3]. Training should aim to 
correct these fallacies and prepare human operators to critically engage with DSS 
outputs. In other terms, it must focus on fostering reflective skepticism, not just 
“procedural familiarity” with the system. 

Together, these three elements—human-centered design, clearly distributed 
responsibilities, and reflective training—constitute the operational core of extended 
MHC in DSS-AI environments. Their effectiveness will depend on their incorpora-
tion into formal regulations, standard operating procedures, and international best
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practices. Codifying these measures at both national and international levels is essen-
tial to resisting the accelerationist competition that currently governs much of AI 
adoption efforts in military contexts. Without such regulatory embedding, the very 
speed that gives DSS-AI its tactical appeal will continue to erode the conditions that 
are necessary to preserve and enhance human control. 

4.5 Conclusions 

This paper has explored the emerging challenge of extending the scope of the MHC 
requirement to cover AI-enabled decision-support systems in military operations. It 
has been argued that the problem of MHC is not confined to the automation of lethal 
force, but applies also to decision-making processes increasingly shaped by DSS-AI. 
We thus proposed an extended MHC model that identifies human control not simply 
with presence in the decision loop, but with the capacity to exercise judgment under 
conditions that are cognitively and institutionally conducive to meaningfully perform 
that task. 

We argued that DSS-AI—despite being functionally different from AWS—raise 
similar normative concerns. The issue is not whether force is applied autonomously 
or manually, but whether critical functions of target identification and engagement 
remain under conditions that allow for genuine human deliberation. As Article36 
foresightedly put it more than a decade ago, what matters is not who presses the 
button, but whether the decision-making context permits meaningful human agency 
in interpreting the information that leads to that action. 

To address the how of extended MHC in AI-supported military operations, we 
outlined a set of operational recommendations. These include adopting a human-
centered design approach informed by cognitive ergonomics; ensuring clearly 
distributed responsibility throughout the chain of command; and implementing 
training programs that promote critical engagement with AI systems. 

Looking forward, a number of steps might profitably be taken to bring the extended 
MHC problem into the fold of global governance. 

First, the issue should be integrated into key arms control and disarmament forums, 
including the Non-Proliferation Treaty (NPT) review process and high-level initia-
tives such as the Summit on Responsible AI in the Military Domain (REAIM) 
[22]. 

Second, a comprehensive and empirically grounded inquiry is needed to identify 
where, how, and under what conditions AI systems are already being deployed in 
military contexts that challenge the feasibility of extended MHC. This diagnostic 
effort should inform regulatory priorities and guide the development of accountability 
structures. 

Third and finally, international legal instruments should be considered to regulate 
military applications of AI beyond (and before) AWS, using extended MHC as a 
foundational principle. Such an initiative might take the form of a legally binding 
treaty dedicated to arms control in the AI domain.
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One must be realistic, though, about the geopolitical headwinds facing multilateral 
disarmament efforts today, ranging from the deterioration of relations between mili-
tary powers (most notably the US and China), to renewed military investments around 
the world (including in the EU under the banner of “Readiness2030”) and the worri-
some withdrawal of some States from cornerstone treaties such as the Anti-Personnel 
Mine Ban Convention. 

A second-best pathway lies in embedding extended MHC principles within 
national doctrines, especially IHL manuals and operational protocols. This could 
lay the groundwork for the eventual emergence of customary international norms or 
help coalesce, at least in the medium term, the consensus required for future treaty 
negotiation. 
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Chapter 5 
Risks of Nuclear War: A Brief Partial 
Overview 

Francesco Lenci 

Abstract I will try to give a brief partial overview of the risks of nuclear war at a time 
of severe changes in the international scenario and extremely dangerous uncertainty 
for international security. 

I wish to start by quoting a relatively recent statement from Pugwash officials: “The 
present conflicts see the participation, in various roles, of countries that possess 
nuclear weapons: Russia, Israel, USA, UK, France (and recently North Korea). The 
most serious nuclear risk today is related to the war in Ukraine. In particular, Russian 
authorities and commentators have spoken several times about the possibilities of 
their use of nuclear weapons, if a direct attack to their territory is performed. A 
reference to the possible use of the so-called tactical nuclear weapons is often made. 
Today the probability of an actual use of nuclear weapons may still be a limited one. 
Nevertheless, even a very small probability of the use of nuclear weapons should be 
seriously considered as an unacceptable risk.” 

I am personally convinced that the use of even a few tactical nuclear weapons 
could rapidly escalate to a larger nuclear conflict. The dramatic consequences of a 
nuclear war have been discussed many times by scientists. As the Russel-Einstein 
Manifesto of 1955 reminded us: “Shall we choose death, because we cannot forget our 
quarrels? We appeal, as human beings, to human beings: Remember your humanity, 
and forget the rest.”1 

In the 1980s, researchers showed that a nuclear war could cause vast amounts of 
smoke to spread around the globe, blocking out sunlight and turning summers into 
winters. Today’s more sophisticated climate models show that the earlier research 
underestimated this impact. 

There are about 12,000 nuclear weapons in the world, unevenly distributed among 
nine states (about 5000 USA and about 5500 Russia), some of them hundreds of times

1 https://pugwash.org/1955/07/09/statement-manifesto. 
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more powerful than those which destroyed Hiroshima and Nagasaki. The use of just 
a few hundred could decimate the Earth’s population, as shown by the three Inter-
national Conferences on the Humanitarian Impact of Nuclear Weapons organized in 
Norway, Mexico, and Austria (2013 and 2014).2 

With geopolitical tensions escalating, the risk of nuclear warfare is to its highest 
point in decades. As António Gutierrez, Secretary-General of the United Nations, 
said: “There is one path—and one path only—that will vanquish this senseless and 
suicidal shadow, once and for all. We need disarmament now”. 

In February 2024, China urged states with the largest nuclear arsenals to negotiate a 
treaty on no-first-use of nuclear weapons against each other. A roadmap or timetable 
should and could also be defined for an international legal instrument that would 
protect non-nuclear-weapon states from the threat of nuclear weapons. 

I believe we should applaud to the awarding of the 2024 Nobel Peace Prize to 
Nihon Hidankyo, the organization of the hibakusha (the survivors of Hiroshima and 
Nagasaki) founded in 1956, “for its efforts to achieve a world free of nuclear weapons 
and for demonstrating through witness testimony that nuclear weapons must never 
be used again.”3 

The risks associated with nuclear weapons include nuclear terrorism, miscalcula-
tions, false alarms, and escalation. A nuclear war has nearly occurred several times 
by accident, as described, for example, by Eric Schlosser in his 2016 New Yorker 
article on the “Third World War by Mistake.”4 

Emerging technologies, such as hypersonic missiles, artificial intelligence and 
developments in cyber and outer space domains have created new risks. Efforts 
to incorporate artificial intelligence systems into nuclear weapons control raise 
the possibility of catastrophic miscalculations by accelerating response times and 
removing the human intuition and hesitation that have, on several occasions, helped 
prevent World War III. Consider the example of 1983: Colonel Petrov was the duty 
officer at the command center for the Oko nuclear early-warning system, when the 
system reported that a nuclear attack had been launched from the United States. 
Petrov judged the report to be a false alarm (as it indeed was) and prevented a retalia-
tory nuclear attack, thereby averting a large-scale nuclear war. This fact was revealed 
in 1998 with the publication of the memoirs of General Votintsev. 

Interestingly, I appears that Ukraine, due to its full-scale war against Russia, does 
not plan to regulate AI development in the defense sector during the conflict (Minister 
Fedorov, June 2024). 

All nuclear-armed states are spending enormous sums to expand and modernize 
their arsenals. According to SIPRI 2024 Yearbook, total global military expenditure 
reached about $2400 billion in 2023, an increase of 6.8% in real terms from 2022. Of 
the roughly 12,000 warheads, around 2100 are kept in a state of high operational alert 
on ballistic missiles—meaning just a few minutes to launch and less than about half

2 https://www.reachingcriticalwill.org/disarmament-fora/hinw; https://www.icrc.org/en/statement/ 
un-idenw. 
3 On the award of the 2024 Nobel Peace Prize, Stockholm, 11 October 2024. 
4 https://www.newyorker.com/news/news-desk/world-war-three-by-mistake. 
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an hour to reach their targets. According to Russian politician Volodin, the Russian 
Sarmat missile could reach Strasbourg in about 3 min). Nearly all of these 2100 
warheads belong to Russia and the USA, but for the first time it seems that China 
has placed some warheads on high operational alert. 

In 2024, the Bulletin of the Atomic Scientists once again set the Doomsday Clock 
at 90s to midnight, as humanity continues to face an unprecedented level of danger. 
Now, in 2025, the clock is at 89s from midnight.5 

Leaders and citizens around the world should treat this as a stark warning and 
respond with urgency. 

At the time of the Conference, in late October 2024, an end to Russia’s war 
against Ukraine still seemed distant. And even though the conflict had been—and 
remained—a conventional one, it had also become very much a nuclear crisis. At 
the end of September 2024, President Putin announced possible changes to Russia’s 
nuclear doctrine, stating: “It is proposed that aggression against Russia by any non-
nuclear state, but with the participation or support of a nuclear state, be considered 
as their joint attack on the Russian Federation.” He added, “The country’s nuclear 
arms are the most important guarantee of security of our state and its citizens.” 

North Korea continued building nuclear weapons and long-range missiles. 
Nuclear expansion in Pakistan and India continued without pause or restraint. The 
hostility between the two Koreas, and the tense relations between China and Taiwan, 
remained critical. 

The tragic situation in Gaza, Lebanon, Israel, Iran, and Yemen had the potential 
to escalate into a wider Middle Eastern conflict, posing unpredictable threats both 
regionally and globally. Let me quote Toshiyuki Mimaki, co-chair of Nihon Hidankyo 
and this year’s Nobel Peace Prize laureate, said—comparing the situation in Gaza 
and Israel to that of Japan in 1945—“Especially in places like Israel and Gaza, 
children are being covered in blood and living every day without food, having their 
schools destroyed, stations destroyed and bridges destroyed” he said, appearing to 
fight back tears. 

In August 1985, the Bulletin of Atomic Scientists published a paper by Józef 
Rotblat the only scientist to leave the Manhattan Project at the end of 1944, once 
it became clear that Nazi Germany would not be able to build nuclear weapons. 
Rotblat, who later co-founded the Pugwash Conferences (awarded the Nobel Peace 
Prize in 1995), concluded his paper with these words: “After 40 years one question 
keeps nagging me: have we learned enough not to repeat the mistakes we made 
then? I am not sure even about myself. Not being an absolute pacifist, I cannot 
guarantee that I would not behave in the same way, should a similar situation arise. 
Our concepts of morality seem to get thrown overboard once military action starts. 
It is, therefore, most important not to allow such a situation to develop. Our prime 
effort must concentrate on the prevention of nuclear war, because in such a war not 
only morality but the whole fabric of civilization disappears. Eventually, however, 
we must aim at eliminating all kinds of war.”

5 https://thebulletin.org/doomsday-clock/2025-statement/. 
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Chapter 6 
The Approaches to Reducing Nuclear 
Risks 

Wuwen Zhao 

Abstract This paper classifies the risk of nuclear use into two categories: intentional 
and unintentional. It emphasizes the importance of preventing risk from the perspec-
tive of its source and puts forward three suggestions for effectively preventing nuclear 
use. First, mutual respect for core interests. Second, reducing the role of nuclear 
weapons in national security policy. Third, extending the time for decision-making 
on the use of nuclear weapons. 

6.1 Introduction 

Today’s international system is characterized by intensified competition among major 
powers and geopolitical conflicts. The future is full of uncertainty. Cooperation on 
nuclear arms control is becoming increasingly difficult, and the risk of nuclear 
weapons being used is growing. Almost sixty-three years ago, the Cuban Missile 
Crisis erupted, almost pushing the United States and the Soviet Union into nuclear 
war. Since then, the world has become acutely aware of the enormous risk of conflict 
escalating into nuclear war. Today, we do not need another Cuban missile crisis to 
highlight the importance of nuclear risk. As the theme of the Amaldi conference puts 
it, we are in a “problematic time”, and answering the question of how to effectively 
prevent the risk of nuclear weapons being used is important if we want to achieve 
Mr. Amaldi’s goals. [1]. 

6.2 Main Types of the Risk of Using Nuclear Weapons 

The risks of using nuclear weapons can be categorized into two main types: 
unintentional and intentional. 

There are three main types of risks of unintentional nuclear weapons use:
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The first is the risk of unauthorized use of nuclear weapons. 
The second is the risk of accidental use due to human error or technical failure. 
The third is the risk of unintentional nuclear escalation due to misunderstand-
ings and miscalculations. This risk is becoming increasingly obvious and serious 
against the backdrop of fierce competition between major powers and the 
complexity of regional security issues. 

In terms of the risk of intentional nuclear use, the most realistic form today is 
the deterrence of nuclear and non-nuclear attacks through the first use of nuclear 
weapons. 

6.3 Measures of Preventing the Risk of Using Nuclear 
Weapons 

Whether the risk of nuclear use is intentional or not, it could eventually lead to the 
use of nuclear weapons, which would be an unbearable risk and a great catastrophe 
for all humankind. 

Taking effective measures to avoid creating risks is of the utmost importance. 
Preventing crises is more important than managing them. Preventing the risk of 
nuclear weapons being used should address the root of the problem, and practical 
and effective measures should be taken to prevent nuclear risks. For example, it is irre-
sponsible for some great powers to carry out provocative actions while emphasizing 
the need for crisis management. 

To avoid the risk of nuclear weapons being used, it is necessary to make progress 
in three key areas. 

(a) Mutual Respect for Core Interests 

The major powers should respect each other, strengthen strategic dialogue and 
communication, and enhance understanding through mutual trust and benefit. 

Great Powers should respect each other’s core interests, such as sovereignty 
and territorial integrity, and avoid testing or threatening each other’s “red lines” 
or “bottom lines” by force. 

Avoiding each other’s “red lines” and “bottom lines” is the most important factor 
in preventing conflicts and the risk of escalation to the use of nuclear weapons. If 
one party ignores the other’s clear signals and continues to challenge their ‘red line’ 
or ‘bottom line’, it is difficult to describe the ignoring party as ‘non-intentional’, and 
the nuclear risk due to confrontation would increase significantly. The nuclear risk 
due to confrontation would then be greatly increased. 

(b) Effective Reduction of the Role of Nuclear Weapons 

For more than 60 years, China has consistently pursued a No-First-Use policy. This 
policy has been invaluable in reducing the risk of nuclear weapons use. It is an 
important symbol of the diminishing role of nuclear weapons in national security
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policies. It is also in line with the spirit of the Joint Statement of the five nuclear 
weapon states in 2022, which asserts that “nuclear war cannot be won and must never 
be fought”. Adhering to the No-First-Use policy will allow major nuclear states to 
reduce their reliance on nuclear weapons and significantly decrease the risk of their 
deployment. 

During his election campaign, President Biden made it clear that he wanted to 
reduce the role of nuclear weapons in national security policy and realize the “sole 
purpose” of nuclear weapons [2]. I personally believe that adopting a “sole purpose” 
approach would facilitate a smooth transition to No First Use of nuclear weapons, 
greatly reducing the risk of their deployment. Unfortunately, President Biden has not 
maintained his campaign views since taking office. 

(c) Extension of the Decision-making Time for the Use of Nuclear Weapons 

Even during the Cold War, Robert McNamara—then United States Secretary of 
Defense—advised two United States presidents that if information was received 
that a nuclear weapon had been detonated on US territory, the president should 
refrain from taking any retaliatory action and wait 24 hours for confirmation. This 
advice made it clear that all measures should be taken to avoid hasty decisions [3]. 
McNamara recognized that no adversary could disarm the United States, yet he was 
still aware of the dangers of hasty decision-making and preferred a “wait-and-see” 
policy [4]. 

In the face of the risks posed by false warnings, extended decision-making time 
is conducive to effective risk prevention. It can prevent misjudgments caused by 
technical errors and false alarms. 

My core viewpoint is that the ideal way to prevent the risk of nuclear weapons 
use is: “Prevention is better than cure”. In other words, we should prevent nuclear 
risks from occurring in the first place, and the next best thing is to control the risks. In 
my view, preventing the use of nuclear weapons should address the root causes, and 
practical, effective measures should be taken to eliminate the risk before it occurs. 
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Chapter 7 
Public Opinion Between Rearmament 
and Crisis of the Nuclear Taboo 

Fabrizio Battistelli and Francesca Farruggia 

Abstract This article examines the changing relationship between the global public 
and nuclear weapons in the context of growing international insecurity. The authors 
describe the erosion of the concept of the “nuclear taboo”, understood as a deep– 
seated normative aversion to nuclear weapons. By considering the standard surveys as 
abstract, the experimental surveys place respondents in simulated strategic scenarios 
designed to evoke more authentic responses. The difference between results—against 
nuclear weapons in standard surveys and favorable in experimental surveys—is 
explained by the fact that both have two different objects: standard surveys are about 
“rational” opinions and experimental ones about “emotional” attitudes, both useful 
to detect. In a standard survey conducted in Italy in 2025 reveals 81% of respon-
dents consider nuclear weapons fundamentally different from conventional ones and 
always wrong to use. Among opponents the dichotomy between “deontologists” 
and “consequentialists” is discussed. The article concludes underlining the value of 
integrating affective and cognitive dimensions in understanding public opinion as a 
measure against the normalization of nuclear weapons in political discourse. 

7.1 The Public’s Aversion for Nuclear Weapons Between 
“Taboos” and “Tradition”: What Methods to Study It? 

Over the past fifteen years, a significant debate has emerged among scholars 
concerning nuclear weapons and how they are perceived by both governments and 
public opinion. In parallel with the deterioration of the arms control regime between 
the two nuclear superpowers—evidenced by the successive abandonment of treaties
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regulating the possession and deployment of the arsenals of the United States and 
Russia1 —the nuclear threat has gained new momentum. 

In Europe in particular, the invasion of a country that had renounced nuclear 
weapons (Ukraine) by a country possessing 5500 warheads (Russia) has generated 
growing concern among European public opinion. This has produced contradictory 
effects: on the one hand, renewed fears of military escalation; on the other, a resur-
gence of the relevance of nuclear weapons. For example, in European countries 
participating in the American “extended deterrence” strategy, such as Germany and 
the Netherlands, public opinion has shifted—from negative to positive—regarding 
the stationing of NATO missiles [16]. 

These are just some of the symptoms of a progressive erosion—partly spon-
taneous, partly deliberate—of the phenomenon known as the “nuclear taboo.” 
According to this concept, popularized by Tannenwald [27–29], the particular charac-
teristics of atomic technology and its ultimate product, the “Bomb,” have generated 
among the population—and to some extent among elites—a widespread sense of 
aversion that has so far prevented its renewed use.2 

Everything began in 1945 with the emergence on the strategic stage of a revolu-
tionary weapon: the atomic bomb. What remains significant is the fact that, following 
the devastating conclusion of World War II, atomic technology has indeed prolifer-
ated to other states, but has never been used again—neither by the state that first 
employed it (the United States), nor by other states (primarily the Soviet Union) that 
adopted it in response.3 

For an history’s ironies, only two nuclear warheads have been used in the atomic 
era, while in the first seven decades alone, approximately 125,000 were produced 
[12]. When awarded the Nobel Prize in Economics in 2005, Thomas Schelling 
described the non-use of nuclear weapons since the two bombs dropped on Japan as

1 The golden age of disarmament was the 15-year period that began in 1987 with the signing of the 
Treaty on the Elimination of Intermediate-Range and Shorter-Range Missiles (INF) and ended in 
2002—on the one hand, with the signing of the Strategic Offensive Reductions Treaty (SORT) by the 
United States and Russia, and on the other, with both countries’ withdrawal from the Anti-Ballistic 
Missile Treaty (ABMT). In 2007, Russia suspended its participation in the Treaty on Conventional 
Armed Forces in Europe (CFE), from which it formally withdrew in 2023. This withdrawal led to 
the treaty’s earlier suspension and, in 2024, the official withdrawal of the United States. In rapid 
succession, the United Kingdom, France, Italy, Germany, Belgium, the Netherlands—as well as 
Belarus and Turkey—also withdrew from the CFE. In 2023, Russia additionally withdrew from 
the Comprehensive Nuclear-Test-Ban Treaty (CTBT). The START I treaties on strategic delivery 
systems expired in 2009, and SORT expired in 2011. These were replaced by the New START in 
2010, which remains the last bilateral arms control agreement between Russia and the United States 
still in force, but it is set to expire in 2026. Furthermore, the United States withdrew from the Joint 
Comprehensive Plan of Action (JCPOA) on the Iranian nuclear program in 2018, and—crucially 
for Europe—from the INF Treaty in 2019. 
2 Independent and characterized by its own specificity, the so-called “renaissance” of civil nuclear 
power has re-emerged in several European countries—such as Italy, Germany, and the United 
Kingdom—which had previously appeared to abandon this technology [20]. 
3 This marks a stark contrast with what had occurred over centuries with other revolutionary military 
innovations, such as the horse or gunpowder, which were rapidly deployed on the battlefield in their 
respective eras. 
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“astonishing” and referred to this fact as “the legacy of Hiroshima” [25]—the only 
positive aspect of an event universally regarded as tragic. It is worth noting, however, 
that following a long period of dominance by the nuclear taboo, in recent times the 
concept has been subject to progressive erosion, both spontaneous and deliberate. As 
a partial counterbalance to this trend, one can observe a renewed interest from the 
social sciences, particularly regarding public opinion. This has stimulated further 
study of the theme of “nuclear weapons use” on both a quantitative and qualita-
tive level—on the one hand increasing the number of analyses, and on the other 
making them more sophisticated through the use of unconventional tools such as 
“experimental” surveys. 

Within the lively scholarly debate on the existence and nature of the nuclear taboo, 
an alternative interpretation has gained ground: that the abstention from the use of 
such weapons is less a true taboo and more a tradition based “on the precedent and 
mutual adhesion models of reciprocal restraint” among international actors ([31]: 
34; see also [17, 24]). Upon closer inspection, however, the definitional dichotomy 
between taboo and tradition is not so clear–cut—as well the debate about the appli-
cation of a concept from cultural anthropology, like “taboo,” appears nominalistic 
[15]. In our view, the conceptual opposition between “taboo” and “tradition” does 
not imply an irreconcilable incompatibility. What matters is the enduring aversion 
still held by a large majority—that nuclear weapons continue to provoke among the 
public across diverse social contexts. If we attribute to the term a heuristic rather than 
ontological value, it remains reasonable to use “taboo” as “shorthand for a strong 
normative use of nuclear weapons” ([2]: 166). 

Regardless of adherence to one interpretation or another, the ongoing debate has 
nonetheless yielded some positive outcomes. On the one hand, it has revitalized 
a body of contributions that radically broaden the traditional perspective of law 
and international relations, encouraging social scientists to invest more research 
into issues—such as armaments—that had long been considered “exotic” in content 
and difficult to verify empirically. A leading role in this regard is played by one 
of the branches of the social sciences most advanced in its empirical approach to 
phenomena: public opinion research. In order to address the question of whether or 
not a taboo exists in a complex domain of human behaviour such as the use of a 
highly destructive weapon, the study of public opinion is driven to adopt innovative 
analytical perspectives, both conceptually and in terms of methodology and research 
techniques. 

Before addressing conceptual aspects, we shall briefly consider the empirical 
ones, starting with the research associated with what has been termed “the second 
generation of taboo research” ([26]: 1072). The goal of this new approach is to 
examine assessments regarding public opinion (even more so than that of elites) on 
key aspects of the use of force, with particular reference to nuclear weapons. One of 
these assessments is the frequently cited notion of the United States’ specificity as a 
country more inclined than its allies to consider the use of weapons in international 
crises. In his well–known metaphor, Robert Kagan claimed that: “Americans are 
from Mars and Europeans are from Venus” ([9]: 3). And to those, like Johan ([7]: 
268), who observed that “to the man with a hammer the world looks like a nail”, he
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replied that “nations without great military power face the opposite danger: when 
you don’t have a hammer, you don’t want anything to look like a nail” ([9]: 28). 

In any case, according to the “second generation” of researchers, U.S. strategic 
policy has so far been studied thematically as a focus on the motivations and deci-
sions of political elites and, methodologically, through a qualitative approach based 
on historical reconstructions of major events, case studies, interviews with key 
actors, and so on. Authors such as Sagan and Valentino propose an alternative to 
this approach, one that moves away from traditional opinion polls. They admin-
ister “experimental” surveys to panels of ordinary citizens, built around scenarios 
designed to simulate strategic emergencies as realistically as possible—contexts in 
which such individuals might actually have to take a position. 

While we fully support the need to distinguish between the positions of decision– 
makers and those of ordinary citizens, we also note that the empirical study of 
the latter’s opinions is not new. Following the events of September 11, 2001, and 
the subsequent “War on Terror,” the use of military force prompted a significant 
surge of research and analysis focused on comparing American and European public 
opinion. For instance, regarding the 2003 war waged by President G.W. Bush against 
Saddam Hussein’s Iraq—accused of possessing weapons of mass destruction and/or 
being complicit in jihadist terrorism—Pierangelo Isernia and Philip Everts, through 
their analysis of cross–national surveys, identified a “Transatlantic gap.” Europeans 
differed not so much in terms of values (e.g., the democratic system and the need to 
defend it) from Americans, but rather in tactical preferences: placing “higher priority 
to soft tools” and considering the use of force as “a truly ultima ratio to be utilized 
only when all other sources of power have failed” ([8]: 255, see also [6]). 

American “exceptionalism” is now being challenged by the second wave of 
research, particularly with regard to citizens’ attitudes toward casualties suffered 
and inflicted in war—especially in the context of potential nuclear weapons use. The 
debate does not revolve around whether the American public is inclined to prioritize 
saving the lives of their own soldiers, even at the cost of disproportionately higher 
enemy casualties (combatants and non-combatants alike). In fact, “concerns about 
winning wars and the desire to minimize the loss of lives of their nation’s soldiers 
dominate public opinion about military operations4 ”  (  [22]: 51). Rather, the emphasis 
is on the fact that such a stance is by no means exclusive to the American public, 
it is a shared feature of Western democracies, which tend to favour the use of all 
available military assets (including nuclear ones) that minimize the loss of their own 
uniformed personnel [23]. Through experimental surveys, researchers have assessed 
the willingness of publics in other nuclear–armed countries to support the use of 
such weapons in specific scenarios. Using the same methods, [4] surveyed not only 
samples of American citizens but also samples from the United Kingdom, France,

4 Since the atomic bombings of Hiroshima and Nagasaki, the official justification for this dramatic 
decision has been based on the high estimated cost in human lives that the U.S. armed forces would 
have had to endure in the final phase of World War II, had they launched a ground invasion of 
Japan [27]. On the connected “taboo” of the immunity of non-combatants (lawed in the IV Geneva 
Convention, 1949) see [10]. 
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and Israel—three officially nuclear states and one de facto nuclear state. The experi-
mental nature of the survey lies in the presentation to each national panel of a (clearly 
fictional) newspaper article. The article describes a scenario in which a terrorist group 
based in Libya is preparing a chemical weapons attack against the four respondents’ 
capitals (Washington, London, Paris, Tel Aviv).5 

Experimental surveys have prompted various methodological and substantive 
critiques, to which we refer the reader to two dedicated debates published in Inter-
national Studies Review [26] and Security Studies [18]. Here, we will address two of 
these critiques: (a) certain limitations in the inputs introduced into the surveys in order 
to make them “experimental”, and (b) the stark discrepancy in respondents’ willing-
ness to support nuclear weapons use—relatively high in experimental surveys and 
significantly lower in standard ones. We begin by stating that, although we consider 
many of the critical observations directed at proponents of experimental surveys to 
be well–founded, we do not dismiss the underlying goal of these researchers: to find 
new ways of assessing and deepening our understanding of citizens’ attitudes toward 
the use of nuclear weapons. 

The first critique concerns the stimulation of respondents through inputs such as 
the fictional news article they are invited to read, and the degree of autonomy their 
responses can truly reflect within a “lab” context—one that is even more overtly 
artificial than standard survey settings. Of course, the use of stimuli such as cue cards, 
photographs, vignettes, or the presentation of documentary or custom–prepared texts 
is neither unknown nor unusual in social science research. However, it should be 
noted that such surveys typically address topics that are far less emotionally charged 
than those presented in the “mock news story,” which includes casualty estimates for 
different types of attacks as well as highly influential details, such as the “opinion” 
of military leaders.6 

On highly emotional topics such as those involving the antithetic couples of 
security/insecurity, aggression/defense (ultimately: life/death), it becomes difficult 
to control the affective dimension of participants involved in these experiments. In 
response to critics who argue that “pre–emptive scenarios” involving terrorists, North 
Korea, or Iran are “tough tests,” Sagan and Valentino reply that they are, rather, “real-
istic tests.” By introducing figures and circumstances related to plausible enemies of 
the United States, they are testing “the nuclear taboo in exactly the [political] condi-
tions in which it might be needed to prevent nuclear use” (Sagan and Valentino 2021:

5 The dilemma posed concerns the means that each government should employ to neutralize the 
threat: whether to strike the terrorists using relatively less effective conventional weapons (with a 
45% chance of destroying the target) or to resort to more decisive nuclear weapons (with a 90% 
chance of success). This choice is presented under the condition that both options would cause the 
same number of casualties (2700), to be weighed against the estimated 3000 victims if the attack 
were to occur [4]. The data show that “American attitudes toward nuclear weapons and on combatant 
immunity are not exceptional […] contrary to many scholars expectations, the publics of two other 
nuclear-armed democracies are equally willing (France) as or more willing (Israel) than Americans 
to use nuclear weapons and deliberately target civilians” (Press et al. 2022: 28). 
6 See the four-column headline: “Terrorists Planning Chemical Weapons Attack on Washington, 
D.C. [Paris, London, Tel Aviv]. Joint Chiefs Say Nuclear Airstrike Doubles Chances of Destroying 
Terrorist Chemical Lab in Libya,” Appendix 1: News Stories (U.S. versus) in [4]. 
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1093). Rejecting the notion that their respondents are “too emotionally invested,” the 
authors argue that, on the contrary, they may not be emotionally invested enough ([5]: 
197). Indeed, the experiments are quite far from “the depth of urgency and emotion 
that many Americans felt in 1945” and constitute “a conservative test of the public’s 
willingness to use nuclear weapons and target members of non-combatants in war” 
([22]: 44). 

Undeniably, manifestations that are not entirely rational are far from marginal 
aspects of the human condition and cannot be ignored. They are, in fact, integral 
to the worldview internalized by respondents—especially in contexts such as those 
described in experimental scenarios, which approximate a highly emotional reality. 
As current events in this third decade of the twenty-first century show, far from being 
dismissed as irrelevant or discredited as relics of the past, irrational elements are 
increasingly emerging as central actors in both public expressions and the behavior 
of decision–makers. For some time now, even the natural sciences have moved toward 
accepting—something the social sciences were the first to discover—that scientific 
knowledge is necessarily reductionist, destined to carve out limited segments of 
reality. In fulfilling its purpose, it is bound to reduce complexity at the very moment 
it seeks to impose cognitive order on what Max Weber called the “senseless infinity” 
[32]. The effort of scientific knowledge to recreate in vitro conditions that may 
represent even a distant proxy of historical reality cannot be dismissed, provided that 
researchers remain aware of the approximate nature of their endeavor. 

Even more challenging is the second critique. Benoît Pelopidas and Kjølv Egeland 
argue that the findings presented in Kettles of Hawks—the largest of the experimental 
surveys conducted by the group [4]—“contrast with several existing polls and surveys 
that indicate relatively strong public opposition to nuclear use” in France, the United 
Kingdom, and the United States itself ([18]: 190). 

In our view, the explanation for this clear discrepancy does not lie primarily 
in differences of style, wording, or scenarios—although these certainly exist and 
undoubtedly contribute to distinguishing standard surveys from experimental ones. 
Rather, the discrepancy stems from the difference in the object being measured. 
The entire contrast between standard and experimental surveys can be resolved if 
we acknowledge that both are cognitively directed at two distinct, albeit related, 
phenomena. This is made possible through the valuable recovery of the distinction 
between the two concepts of opinion and attitude. The overlap between these two 
basic modes of human cognition had already drawn the attention of one of sociology’s 
foremost figures, Robert K. Merton. In his theoretical interpretation of the American 
Soldier research campaign, Merton warned of the risk that “basic conceptual differ-
ences […] might be obscured by a single crudely defined concept,” such as “the single 
blanket concept of ‘attitude’” ([13]: 73). Unlike opinion, which captures aspects of 
reality at a high level of abstraction, attitude reflects more practical and immediate 
aspects. Aware of the limited influence that political opinions had on soldiers’ perfor-
mance of their duties, the researchers led by Samuel A. Stouffer focused instead on 
“sentiments and attitudes” (e.g., “the willingness for combat”) ([13]: 45). 

Although the prevailing trend over time has been, improperly, to use the terms 
“attitude” and “opinion” interchangeably, the conceptual difference between them
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becomes even clearer when viewed through disciplinary lenses: as Bergman [3] 
observes, social psychologists have typically favored the concept of attitude, political 
scientists that of opinion, and social anthropologists that of values. The usefulness 
of employing the concept of attitude as a predominantly affective and emotional 
manifestation has been reaffirmed, among others, by Aiken [1], as distinct from 
the concept of opinion, which expresses explicit and conscious positions—what we 
might cautiously call “rational.” 

Applied to our topic, the controversy between standard and experimental surveys 
can be reconciled by explicitly recognizing the distinct objects targeted by each 
research tool: on the one hand, standard surveys aim to capture a detached and 
“rational” representation (albeit limited by abstraction); on the other, experimental 
surveys aim to capture an involved and “emotional” representation (albeit shaped by 
the constraints of the laboratory setting). 

7.2 A Survey: Opposition to the Use of Nuclear Weapons 
Between “Deontologists” and “Consequentialists” 

On the topic of public opposition to—or acceptance of—the use of nuclear weapons, 
the distinction between those who reject a priori such a possibility (deontologists) 
and those who base their judgment on an a posteriori evaluation of the expected (posi-
tive or negative) consequences (consequentialists) proves especially useful [4]. The 
crucial role of consequences in political decision-making—and thus the centrality of 
accepting responsibility for them—is fundamental in classical liberal thought, and 
particularly in Weberian sociology. 

Hence, the unavoidable dilemma that, according to Weber [33], accompanies most 
decisions in the political sphere: between the ethics of conviction (based on adherence 
to values) and the ethics of responsibility (based on consideration of consequences). 

To assess the nature and distribution of opinions (in the narrow sense described in 
the previous paragraph), we conducted a standard survey on a sample of 802 Italian 
citizens aged 18 and older, representative by gender, age, and geographic residence 
in a country like Italy, which (at least as of spring 2025) participates in the American 
extended deterrence framework. 

Beginning with perceptions of whether nuclear weapons are distinct from conven-
tional weapons, 81% of respondents consider them fundamentally different and 
believe their use is always wrong. In contrast, 10% view nuclear weapons as merely 
more powerful than conventional ones and find their use appropriate in certain cases. 
Finally, 9% responded with “don’t know/no answer” (Fig. 7.1).

Using a hierarchical binary logistic regression model, we first assessed the impact 
of sociodemographic variables on how respondents distinguish between conventional 
and nuclear weapons. Taking into account gender, age, education level, and political 
orientation, only age group and political orientation were found to be statistically 
significant. With respect to age, the younger the respondent, the more likely they are
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Fig. 7.1 When it comes to conventional and nuclear weapons, which of the following two state-
ments do you agree with? Source Archivio Disarmo, Difebarometro No. 11, February 2025. CAWI 
opinion survey on a sample of 802 respondents representative of the Italian population, January 
2025

to consider nuclear weapons as merely more powerful than conventional ones and, in 
certain cases, their use as appropriate. As for political orientation, those identifying 
as right-wing or center-right are more inclined—compared to those on the left—to 
view the use of nuclear weapons as situationally justified. 

We also asked respondents to answer two questions reflecting, respectively, an 
attitude and an opinion. The attitude involved a hypothetical situation: if one were 
the victim of a crime, would they turn to the police or take matters into their own 
hands, even using a weapon? The opinion concerns support or opposition to the 
introduction of the death penalty for the most serious crimes, such as mass murder 
or massacres. Two groups emerged: on one side, reactive respondents, who support 
harsh punishments and self-execution of justice; on the other, adaptive respondents, 
who support proportionate punishments administered by the State. The category 
of reactive respondents was subsequently added as an independent variable in the 
hierarchical binary logistic regression model. 

Compared to non-reactive group, reactive respondents are statistically more 
inclined to believe that nuclear weapons are merely more powerful than conventional 
ones and that their use may be appropriate in certain cases. With the inclusion of 
the “reactive respondents” variable, age continues to show a statistically significant 
correlation with how respondents evaluate nuclear versus conventional weapons, 
while political orientation loses statistical significance. This change is due to the 
presence of a statistically significant association between political orientation and 
reactive respondents: those who identify as right-wing or center-right, rather than 
left-wing, are more likely to fall into the reactive group. 

Subsequently, we asked the 81% of respondents (653 out of 804) who considered 
nuclear weapons fundamentally different from conventional ones and always wrong
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to specify the reasons for their position. The aim was to explore the broad range 
of responses which, as shown in the literature and in our previous research, reflect 
the variety of reasons underlying the nuclear taboo and the closely related issue of 
civilian immunity. 

In order to systematize the range of responses into a conceptually structured 
framework, we identified three groups, arranged along the following axes: on the 
x-axis, the poles A priori/A posteriori; and on the y-axis, the poles Particularism/ 
Universalism. Regarding the first axis, in the A priori category, opposition expressed 
by respondents is based on ethical and legal reasons; like the Kantian categorical 
imperative of “you must,” a choice (in this case, the rejection of nuclear weapons) 
is made regardless of its costs or consequences, simply because it is morally right 
(hence the label “Deontologists” for those who hold this position).7 

Conversely, in the a posteriori category, opposition is based pragmatically on 
a rational cost–benefit analysis focused on the expected consequences of a given 
decision (hence the term consequentialists for those who share this second position). 
Consequentialists, in turn, can be divided into two subgroups according to the Partic-
ularism/Universalism axis. While those who are unconditionally (a priori) opposed 
to nuclear weapons—presumably based on a universalistic principle—a posteriori 
opponents reject nuclear weapons for two distinct types of reasons. On one side 
are motivations that may be defined as particularistic consequentialist: they express 
opposition to nuclear weapons, but based on the harm that could befall the user, either 
through enemy retaliation or by creating a dangerous precedent that may backfire in 
the future. On the other side are motivations also centred on harmful consequences, 
but characterized by a broader perspective: harm done not only to oneself, but also to 
others. We define these as universalistic consequentialist motivations. They do not 
limit concern to foreseeable harm affecting oneself, one’s family group, or nation, 
but extend it to the predictable harm suffered by all civilian populations (friendly, 
neutral, and even enemy), as well as by the environment. 

This conceptual classification of motivations for opposition to nuclear weapons 
use is presented in Fig. 7.2.

By applying the three categories of motivation to the 81% of respondents 
who consider nuclear weapons fundamentally different from conventional ones 
and believe their use is always wrong, we identified three corresponding groups. 
The largest of these (59%) consists of universalistic consequentialists. This group 
includes 51% who base their judgment on the serious and lasting harm nuclear 
weapons can inflict on innocent civilians, plus 8% who cite the environmental damage 
such weapons can cause. 

In second place, at 23%, are the particularistic consequentialists: 15% are 
concerned about possible nuclear retaliation by one or more nuclear-armed states, 
and 8% are concerned about the precedent that might be set for states that possess—or 
could come to possess—nuclear weapons in the future.

7 The ethical dilemma between a deontological choice and a consequentialist choice—illustrated by 
the well-known trolley problem—is extensively addressed in numerous studies of moral philosophy. 
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Fig. 7.2 Classification of motivations for rejecting the use of nuclear weapons

Finally, 18% are deontologists (who, by definition, are universalists), believing 
nuclear weapons are always wrong due to their inherently immoral nature (12%) or 
their violation of international law (6%) (Fig. 7.3).

Using a multinomial logistic regression model in which the most common cate-
gory universalistic consequentialists—was set as the reference group, we evalu-
ated the impact of sociodemographic variables, as well as whether or not respon-
dents belong to the category of reactive individuals, on the motivations underlying a 
negative assessment of the consequences of using nuclear weapons. 

A first finding is the statistically significant impact of gender when comparing 
universalistic consequentialists with both deontologists and particularistic conse-
quentialists. Specifically, the analysis shows that being male increases the likelihood 
of being a deontologist rather than a universalistic consequentialist. In the compar-
ison between particularistic and universalistic consequentialists, both gender and 
reactivity play a role: being male increases the likelihood of adopting a particular-
istic stance, and being a reactive individual significantly increases the probability of 
being particularistic rather than universalistic. However, no statistically significant 
difference was found between deontologists and universalistic consequentialists.
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Fig. 7.3 Breakdown of motivations for rejecting the use of nuclear weapons. Source Archivio 
Disarmo, Difebarometro No. 11, February 2025, sub-sample of 653 respondents who consider the 
use of nuclear weapons always wrong

Shifting from the general evaluation of nuclear versus conventional weapons to 
an analysis of the motivations for rejecting the use of nuclear weapons, we observe 
that gender—while not decisive in evaluating their use per se—has a statistically 
significant impact on why some respondents reject nuclear weapons. Women, more 
attuned to the practical consequences of their use rather than opposing them a priori, 
tend to adopt a universalistic consequentialist perspective more often than men, who 
are more likely to lean toward particularistic consequentialism. 

Age, by contrast, does not appear to influence the reasons for rejecting nuclear 
weapons, but it does affect the general assessment of their use: as age increases, the 
likelihood of supporting the use of nuclear weapons decreases. Finally, being a reac-
tive individual—defined by approval of the death penalty and armed self-defense— 
has an impact on both the evaluation of nuclear weapons use and the motivations 
associated with it. On the one hand, reactive individuals are more inclined to support 
the use of nuclear weapons in certain situations; on the other hand, among those who 
always oppose their use, reactivity is associated with particularistic consequentialist 
reasoning, based on fear of the potential harm their use could cause. 

7.3 Conclusion 

In a domain as highly complex as the one addressed in these notes, it is more appro-
priate to speak of approximations to a multidimensional reality than of definitive 
conclusions. Few issues present, as does that of nuclear armaments, such a complex 
intersection of variables—each one difficult to reduce to simple entities and, on the 
contrary, serving as a nexus for crucial physical, technological, psychological, social, 
economic, political, and ideological dimensions—just to name the main ones.
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Each of these dimensions contributes to defining the issue of nuclear weapons and, 
more specifically for our purposes, their role in the eyes of public opinion. In our 
analysis, we have touched on the question of whether the term “taboo” is appropriate 
when referring to nuclear weapons. Should this term be considered excessive or not 
entirely suitable, it may be replaced with the less evocative and more descriptive 
term “aversion.” The result does not alter the substance of the matter. In recent years, 
alongside the deterioration of international relations, there has been an effort—driven 
by politics and mainstream media—to “normalize” both the language and content 
associated with nuclear weapons. Despite undeniable progress in this direction, all 
national and cross-national public opinion surveys continue to show that this tech-
nology and strategic asset still inspire concern and hostility among the majority of 
the public in virtually every country in the world. 

Whether this inhibition is vaguely sacred (a “taboo”) or more secular (a “tradi-
tion”) the use of nuclear weapons is still regarded, even by the elites of nuclear-armed 
countries, as a last resort: one that is heavily relied upon virtually (in terms of threats), 
but from which actual use has so far been abstained. 

At the same time, no one can guarantee that what currently appears to be a reason-
able expectation of no first use (supported by taboo or aversion—either way, by the 
“legacy of Hiroshima”) will endure indefinitely. In the delicate balance whereby 
governing elites are, to some extent, influenced by public opinion, and citizens are 
influenced by nuclear weapons in the sense of opposing them, various and often 
contrasting factors interact in shaping the positions taken by both rulers and the ruled. 
On one side are rational factors (more or less aligned with a particular morality), and 
on the other, irrational factors (also converging, more or less, toward a different 
morality). 

Our interpretation is that both types give rise to two distinct “products”: reasoning 
manifests in opinions, while affectivity and emotion are expressed through attitudes. 
Since the human actor is an expression of both rational and affective-emotional 
components, both opinions and attitudes deserve recognition within individuals and 
groups, and both require scholarly investigation. It is therefore legitimate for different 
disciplinary and theoretical perspectives to choose which object to focus on. What 
matters most is that they do so with full awareness of their own epistemological 
and methodological strengths and limitations—and above all, that they succeed in 
bringing their findings to the attention of citizens and decision-makers, in pursuit of 
the shared objective of preventing nuclear war. 
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Part II



Chapter 8 
The Dark Side of ICT, Cyber-Info 
Warfare and International Security 

Gian Piero Siroli 

Abstract This paper explores the significant and evolving impact of Information 
and Communication Technologies (ICT), particularly Artificial Intelligence (AI), on 
conventional warfare, international security and the nature of conflict itself; it also 
highlights the intrinsic dual-use nature of ICT and the increasing digitization of the 
battlefield. The integration of AI is discussed in the context of military operations, 
including its role as a force multiplier and in the development of Lethal Autonomous 
Weapon Systems (LAWS). The paper examines the proliferation and capabilities 
of various unmanned systems (aerial, ground, marine) and the associated trends, 
challenges and ethical considerations, including the principle of Meaningful Human 
Control (MHC). It delves into the potential impact of AI on nuclear weapons and 
global strategic stability, identifying risks of accidental escalation and calling for 
transparency and limitations on AI use in nuclear forces. Intrinsic vulnerabilities 
of AI, such as adversarial attacks, opacity and data poisoning, are detailed. The 
landscape of cyber-info warfare is explored, focusing on information and psycho-
logical operations, the use of social media for disinformation and the challenge of 
deepfakes. Finally, the paper reviews international efforts and discussions within the 
United Nations and other for a concerning ICT security, the application of interna-
tional law and the urgent need for regulation regarding autonomous weapons and 
the broader risks posed by AI to global peace and security. The pervasive influence 
of AI technologies raises fundamental questions about control, trust and the poten-
tial opening of a new ethical “Pandora’s box” similar to the development of nuclear 
weapons in the past.
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8.1 Introduction: The Dual Nature of ICT and Warfare 
Digitization 

ICTs are fundamentally dual-use technologies, meaning they have both beneficial 
civilian applications and potentially harmful military applications. The increasing 
integration of ICT is driving the digitization of conventional warfare domains of 
land, sea, air and space. The current battlefield digitization is incorporating the full 
spectrum of ICTs, including Cloud Computing and Big Data, Artificial Intelligence, 
Machine Learning (ML), networking technologies and cyber-security. A significant 
consequence of this fast-developing process is the observation that above a certain 
speed of machine autonomous operations, humans are overcome and overwhelmed. 

8.2 Artificial Intelligence in Military Operations 

AI is being integrated across the full spectrum of military operations. Its applications 
range from increasing the reliability and efficiency of defense infrastructures in real 
time, particularly against AI-enabled cyber threats on critical networks, through 
pattern recognition and anomaly detection in various domains; AI is also employed 
to process and manage sensor data, monitor systems integrity and support vocal 
commands. AI serves as a force multiplier in digital spaces, addressing challenges 
of scale and sophistication in areas like threat monitoring and response, navigation 
and it is also applied in offensive and defensive cyber operations. 

Beyond support functions, AI is deeply involved in human decision-making 
support and in the control of (lethal) autonomous weapon systems, which are 
described as being in a “VERY advanced prototype/test phase”. There is an ongoing 
international debate about the level of human involvement needed in LAWS, leading 
to the crucial concept of “Meaningful Human Control” (MHC), which is deemed 
necessary to maintain oversight and accountability in compliance with ethical, moral 
and legal constraints. 

Current algorithms are not (yet?) capable of human-level reasoning, but we already 
have weapons that can use AI to autonomously search, select and engage targets in 
specific situations, so it is considered essential for humans to retain the ultimate 
decision on life and death, and not delegate it to a machine.
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8.3 Unmanned Systems: Evolution and Impact 

Unmanned systems, including vehicles used for various military operations with 
different levels of autonomy (from remotely controlled to fully autonomous)1 and 
equipped with advanced sensors, data processing capabilities and communication 
technologies, are in an evolutionary phase of integration in different warfare domains:

• Aerial Vehicles (UAVs): Used for long-range stealth missions such as surveillance 
and reconnaissance and target acquisition, but also at the operational level for 
combat support and electronic warfare. They can share data in real time with 
manned aircrafts and cooperate with pilots, as in the case of Collaborative Combat 
Aircrafts (CCAs) (e.g., XQ-58A Valkyrie).

• Ground Vehicles (UGVs): Land robotic systems primarily used for reconnais-
sance, reducing human risk in hazardous environments, bomb disposal and 
logistics. They feature autonomous navigation, obstacle avoidance and payload 
delivery (e.g., M5 UGV).

• Marine Systems (UMVs): Include underwater (UUV) drones and surface (USV) 
vessels for coastal surveillance, anti-submarine warfare and mines countermea-
sures. They are capable of autonomous operation and long-duration missions for 
data collection (e.g., Orca XLUUV). 

Key trends in unmanned systems include increased autonomy, rapid integration 
of AI and military clouds for data collection/distribution/analysis, enhanced inter-
operability between unmanned and manned systems, improved human–machine 
interfaces and the development of drone swarms. 

These trends bring significant challenges, including cybersecurity vulnerabili-
ties, legal issues (compliance with international laws of armed conflict) and ethical 
considerations. Ethical challenges specifically relate to autonomous decision-making 
in combat scenarios, particularly regarding the use of lethal force, and the need for 
clear lines of accountability for actions taken by these systems in complex operational 
environments. The principle of Meaningful Human Control, previously mentioned, 
is central to these discussions. 

Unmanned autonomous systems and drones are indeed reshaping military strate-
gies and tactics. This involves the integration of cyber-physical military assets with 
traditional warfare domains and its incorporation into existing organization struc-
tures, enhancing Intelligence, Surveillance, Reconnaissance (ISR) and situational 
awareness, facilitating electronic warfare, improving targeting and precision strikes, 
offering cost-effectiveness, increasing operational safety (by keeping personnel out 
of harm’s way) and influencing asymmetric warfare. In this context, the US Depart-
ment of Defense outlined its vision in the document “Unmanned Systems Integrated 
Roadmap 2017–2042”.

1 Described by the concepts of “Human in, on, or out of the loop” (remote, semi-autonomous, 
autonomous control system). 
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8.4 AI and Nuclear Risk 

Advances in AI could potentially have a significant impact on the field of nuclear 
weapons and posture, with consequences for strategic stability and nuclear risk. 
Machine Learning and autonomy could unlock new possibilities for a wide array of 
nuclear force-related capabilities, such as early warning, command and control and 
weapon delivery. There is clear evidence that all nuclear-armed states have prioritized 
the pursuit of AI, raising questions about the stabilizing or destabilizing effects of 
such developments. 

One concern is that investment in AI by an adversary, even in non-nuclear-related 
areas, could threaten a state’s future second-strike capability, the base of current 
nuclear deterrence theory, potentially generating insecurity, decreasing strategic 
stability and increasing the risk of nuclear conflict. Furthermore, AI could fail or 
be misused in ways that could trigger an accidental or inadvertent escalation of a 
crisis or a conflict into a nuclear confrontation. 

Addressing these risks requires specific measures:

• Support awareness-raising among stakeholders (governments, industry, civil 
society) about the challenges posed by AI in the nuclear arena.

• Support transparency and Confidence-Building Measures (CBMs) to reduce 
misperception and misunderstanding among nuclear-armed states.

• Discuss and agree on concrete limits to the use of AI in nuclear forces and 
infrastructures. 

8.5 AI Intrinsic Vulnerabilities and Challenges 

The increasing pervasiveness of AI gives rise to the risk of so-called “adversary 
AI” which exploits weaknesses in machine learning models to misinterpret inputs 
and behave favorably to an attacker. Attackers can create “adversarial examples”, 
malicious inputs that appear as normal but are meticulously crafted and optimized to 
break the models, leading to instability and inaccurate predictions. This can involve 
exploiting specific behaviors within AI internals (such as neural networks), which 
may be unknown to the developers. The current opacity of AI internals means they 
generally function as a “black box”: even designers may not be able to explain 
why an AI system reaches a specific result. This opacity hinders interpretability, 
predictability, verifiability and reliability of the overall AI system. 

Other vulnerabilities include:

• "Poisoning attacks” during the supervised learning phase, where wrong, noisy, 
manipulated or non-balanced data may be introduced, leading to “Garbage In/ 
Garbage Out effect”). This can also cause biassed output at the intellectual or 
ethical level.
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• Neural Networks can also be used to hide, store or transfer malicious payloads and/ 
or trigger malware. Techniques exist for inserting imperceptible and undetectable 
backdoors into compiled neural networks.

• Many different classes of failures, intentional and unintentional, have been 
identified in Machine Learning techniques. 

Considering all those vulnerabilities and risks, one can wonder whether AI stands 
for Artificial Intelligence or “Automating Ignorance”. There is a recognized need 
for an “explainable” Artificial Intelligence (XAI) to ensure that AI results can be 
understood by humans. XAI is currently an active research field. 

Many reports and documents address the issue of trustworthy and responsible AI. 
Care has to be taken when productionizing reliable AI systems: the full production 
chain must be secured, including algorithms, training processes and data, manage-
ment of external dependencies. From the point of view of risk management, failure 
modes also must be considered, like model input, performance bias and robustness 
failures. 

Recently the UN Secretary-General A. Guterres recognized that “AI has tremen-
dous potential but also major risks” noting that “even its own designers have no idea 
where their stunning technological breakthrough may lead”. 

The vulnerabilities previously described are at the same time also challenges for 
AI future development:

• The AI training phase needs accurate, very reliable, high quality, unbiased 
datasets, not easy to collect or create.

• Human supervision and feedback needed to fine-tune AI models, can be time-
consuming, costly, subjective and inconsistent.

• The current “black box” approach should be overcome to reach model trans-
parency and interpretability.

• Adversarial attacks should be brought under control or at least to be detectable, 
to increase overall robustness and safety.

• Hallucinations: AI models sometimes generate false or misleading output/ 
information that appears plausible but is entirely incorrect, illogical or out of 
context. Factors like biased datasets, incomplete information or overfitting2 can 
contribute to this phenomenon which strongly undermines AI reliability and trust-
worthiness. Beyond hallucinations, some sophisticated prototypes of AI Language 
Models appear to exhibit skills that were not explicitly planned or programmed, 
as if they were out of human control.

• Slow time-drifting conditions in unsupervised learning can cause the AI models 
to struggle in adapting to evolving patterns, causing a decline in accuracy and 
reliability and leading to model failures. 

Unfortunately, the potential for misuse is significant: relatively recently AI models 
have been repurposed to design toxic or deadly biochemical weapons, with strong 
implications for the Chemical and Biological Weapons Conventions.

2 “Overfitting” in AI happens when a model learns too much detail from its training data to the 
point where it struggles to generalize to new, unseen data. 
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It is universally recognized the need for “ethical filters”, mechanisms to ensure that 
AI systems operate within ethical boundaries. These filters are crucial for responsible 
AI development, however at the time of writing, ethical filters can be somehow 
bypassed or manipulated. 

The previous points may raise the following questions: is all this safe? Can we 
control this technology? How can we trust AI? A lot of research work will be needed 
to face these challenges. 

8.6 Cyber Info Warfare and Information Operations 

Considering the Internet as a global communication medium, rather than just bits, 
bytes and protocols, reveals its role in the military context of Information Operations 
(IO). IO involves information manipulation for purposes such as propaganda and 
counter-propaganda, disinformation, consensus building, de-legitimation, censor-
ship and content filtering. Information Operations, also called Psychological Opera-
tions (PSYOPS), allow for deception and influence on perceptions, emotions, values 
and behaviors of target individuals or groups, also in socio-political contexts. These 
are all traditional, centuries old, techniques but applied on a new medium of commu-
nication with its specific characteristics, in particular the fast propagation speed and 
distribution at the planetary level. Real-world examples include support for dissi-
dent groups, recruitment campaigns, large-scale disinformation via social media, 
and notable events like the EZLN’s “Social Netwar,” Wikileaks, NSALeaks and 
CIALeaks cases and Cambridge Analytica scandal. 

The digital network environment can be described as an ubiquitous surveillance 
environment. Information warfare has a primary political and strategic value and 
can affect the political and social instability of a country. This view also blurs the 
distinction between military and civilian domains and infrastructures. 

Many countries have special units dedicated to PSYOPS. Information operations 
take place not only during wartime but even during peacetime, clearly showing that 
the military front is not the only battlefield. 

AI can play a very significant role in PSYOPS by enhancing the precision and 
effectiveness of influence campaigns. It helps military and strategic actors analyze 
vast amounts of data from social media, tailor messaging to profiled classes of users/ 
targets, predict responses and optimize engagement strategies. In this context of 
polarized and deceptive communication AI-based fake news, including images, audio 
and video deep-fakes (created by AI and currently undetectable by AI) turn out 
extremely useful tools. 

The overall impact is raising a side question: “Is AI destroying credibility of, and 
on, the Internet?”



8 The Dark Side of ICT, Cyber-Info Warfare and International Security 75

8.7 International Security and Governance 

The international community has been grappling with the security of ICTs in the 
context of international security for many years. The UN is having a leading role 
in promoting dialogue, developing common understandings on international law 
application, and norms for responsible State behavior. Annual reports and resolutions 
by the Secretary-General to the General Assembly on “Developments in the field of 
information and telecommunications in the context of international security” date 
back to 1998. 

Multiple Groups of Governmental Experts (GGEs), with limited participation to 
about 20 UN member states, have examined existing and potential threats from the 
cyber sphere and possible cooperative measures. Six GGEs have been convened 
since 2004, although some concluded without consensus and no final reports. Key 
outcomes from the 2014/2015 GGE report included the affirmation that States, in 
their use of ICTs, must observe State sovereignty, settle disputes peacefully, non-
intervention in internal affairs and comply with international law, including human 
rights obligations. States must also not use proxies for internationally wrongful acts 
using ICTs and should prevent their territory from being used by non-State actors for 
such acts. All those concepts are retained as basic blocks in the current international 
discussions. 

More recently, UN established a second parallel track for discussing ICT security: 
the “cyber” Open-Ended Working Group (OEWG). Open to all Member States dele-
gations, the cyber-OEWG also implements a wider “multistakeholder” approach 
including the participation of representatives of private sector, academia and civil 
society. The current process OEWG 2021–2025 aims towards a future UN single-
track mechanism to unify the double track process GGE-OEWG. The 3rd Annual 
Progress Report (APR) of the cyber-OEWG was adopted by consensus in July 2024, 
covering topics like existing ICT threats, responsible state behavior, development 
of Confidence Building Measures (CBMs) and capacity-building and a proposed 
Program of Action (PoA) for a UN permanent, global, inclusive coordination mech-
anism. An important initiative of the cyber-OEWG is the implementation of a Point 
of Contact (PoC) directory, a global, intergovernmental initiative collecting tech-
nical and diplomatic references to facilitate communication and coordination on 
cybersecurity issues and incidents. 

International debate also includes the application of Jus in bello (International 
Humanitarian Law, IHL) and Jus ad bellum (limits on the resort to force, UN Charter 
Article 51) to the use of ICTs. 

Regarding specifically AI, in July 2023 the UN Security Council held its first-
ever meeting on threats to international peace and security, highlighting major risks, 
particularly concerning autonomous weapons and nuclear weapons control. The 
UN Secretary-General emphasized AI’s potential for human development while 
cautioning against malicious use, raising political, legal, ethical and humanitarian 
issues.
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In March 2024, the UN adopted the first resolution on Artificial Intelligence. In 
this context the Secretary-General warned against “sleepwalking into a dystopian 
future where the power of AI is controlled by a few people, or worse, by opaque 
algorithms beyond human understanding”, emphasizing the need for rules, safety, 
and universal guardrails”. 

There is growing support for international action also regarding Lethal 
Autonomous Weapon Systems (LAWS), where AI plays a fundamental role. In 
2017 an Open Letter addressed to the UN from various technology companies and 
academic representatives raised an alarm about LAWS becoming the “third revolu-
tion in warfare”. These weapons could enable conflict at unprecedented scale and 
speed, be used against innocent populations and hacked. This letter also stressed the 
urgency for preventive actions. The UN Secretary-General has called for the conclu-
sion, by 2026, of a legally binding agreement to prohibit lethal autonomous weapons 
systems, non-compliant with IHL. 

8.8 Conclusion 

The increasing integration of ICT, AI and unmanned systems is profoundly trans-
forming warfare and challenging international security. While offering potential 
benefits like enhanced efficiency and safety, these technologies also present signif-
icant risks: the proliferation of autonomous weapons raising ethical and legal 
dilemmas, the potential for AI to destabilize nuclear deterrence, the inherent vulnera-
bilities of AI systems exploitable by adversaries and the pervasive use of information 
operations to manipulate populations. 

The development of increasingly powerful AI systems introduces new levels of 
complexity and risk, including opacity, vulnerabilities and the potential for unin-
tended or malicious applications like designing bio-chemical weapons. The ability 
to bypass ethical filters and the existence of unregulated models exacerbate concerns 
about control and trust. The blurring distinction between military and civilian 
domains and the potential for information manipulation to erode public trust, pose 
fundamental challenges to societal stability. 

The international community, particularly through the UN, is actively engaged in 
addressing these issues, focusing on applicability of international law, developing 
norms for responsible state behavior in cyberspace and initiating discussions on AI’s 
impact on peace and security. There is a wide recognition of the urgency to regulate 
autonomous weapon systems and establish global guardrails for AI. The challenges 
of ensuring Meaningful Human Control over autonomous systems and establishing 
clear accountability remain central.
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The path forward requires continued international dialogue, transparency, 
confidence-building measures, and potentially legally binding instruments to manage 
the risks posed by these rapidly evolving3 technologies. 

The question of whether we can trust and truly control this technology underscores 
the critical need for timely and decisive action at the international level.

3 This paper describes the status of AI technologies as of spring 2024, the current hyper-exponential 
evolution may change drastically the situation in a relatively short time, hopefully driving to a more 
positive landscape from a human, technical and international point of view. 
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Chapter 9 
Domestic Nuclear Debate in Russia 

Nadezhda Arbatova 

Abstract This article analyzes the views and role of the main schools of strategic 
thought involved in Russia’s domestic political debate on nuclear weapons. The 
main topics in this debate are revolving around three issues: “can a nuclear war be 
fought and won?”, possible resumption of nuclear testing, and prospects of nuclear 
proliferation. 

9.1 Introduction 

Let me start with two preliminary remarks. First, under the circumstances Russian 
nuclear debate is not an issue of local proportions but rather of the Hamlet-like 
dilemma to be or not to be. It means that the issue of domestic nuclear debate goes 
far beyond Russian borders and it is central to international security. 

Second, this topic is a logical continuation of my previous presentation. However, 
there are some fundamental differences in terms of the main factors that shape the 
course of the debate. The previous nuclear debate prior to Russia’s special military 
operation in Ukraine was guided by the variety of considerations—marginaliza-
tion of nuclear problems after the end of bipolarity, emergence of new disruptive 
technologies, crisis of arms control regime and etc. 

Nowadays the main driving force of the domestic nuclear debate is the Ukraine 
conflict, which is characterized by the hybrid warfare—attrition war and exchange of 
Russian and Ukrainian missile attacks on their cities in line with the war of the cities 
during the Iraq-Iran war. This combination is particularly dangerous. As Winston 
Churchill said “The war of attrition will be ended by the exhaustion of nations rather 
than the victories of armies”. As for the war of the cities, it cannot but lead to an 
escalation of the conflict, which may erupt into an all-out war.
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9.2 The Main Schools of Russian Strategic Thought 

Domestic nuclear debate in Russia is going between representatives of the two main 
schools of strategic thought: one sometimes called— “nuclear fire worshippers” [9] 
and the so called school of strategic realists. 

The first school is supposedly based on the Faculty of World Economy and 
International Affairs, at the Higher School of Economics in Moscow. Its ideological 
leader is a well-known political scientist, Professor Emeritus Sergei Karaganov, who 
has a number of followers and disciples like political analyst and Research Professor 
at the Higher School of Economics Dmitry Trenin, a group of military experts mostly 
in the field of geopolitics, some media figures like journalist Dmitry Suslov, co-host 
of the TV program “The Big Game” and others. 

The school of “strategic realism” is considered to be based at the Centre 
of International Security at the Primakov Institute of World Economy and Inter-
national Relations at Russian Academy of Sciences led by academician Alexey 
Arbatov. Many widely known strategic experts belong to this school –Major General 
(retired)Vladimir Dvorkin, a Chief researcher at the Centre of International Security; 
academician Sergey Rogov, former Director of the US and Canada Institute (who 
passed away in 2025); Major General (retired) Pavel Zoltarev, Deputy Director of the 
US and Canada Institute; Ivan Timofeev from Russian International Affairs Council 
(RIAC) and others. 

In between there is a collection of intermediate positions of those experts who do 
not want to take sides or to openly state their position. Most of them are retired military 
like Lieutenant General Evgeny Buzhinsky and Colonel Michail Khodarienok. On 
the one hand, they argue that selective use of nuclear weapons can be justified, at the 
same time they recognize that escalation cannot be controlled and there could not be 
winners in a nuclear war. 

9.3 Fundamentals of Russian Nuclear Debate 

The nuclear debate in Russia raises many issues but it is mainly revolving around 
three points: (1) can nuclear war be won?, (2) resumption of nuclear testing, (3) 
prospects of nuclear proliferation. 

“Nuclear war can be won and should be fought?” 

If we remove the ideological husk from the statements of «the nuclear fire worship-
pers» about the Anglo-Saxon five hundred hegemony, “strategic parasitism of the 
West” betrayal of Christian values and the like, then we shall be left with a very clear 
message: “A nuclear war can be won and should be fought.” [10]. 

They justify their nuclear posture by the constatation that the restraining fear of 
the atomic bomb, which existed throughout the second half of the twentieth century, 
is gone in the West. Nuclear deterrence no longer works. So, the practical conclusion
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is obvious for them: it is necessary to bring back the fear of a nuclear war and to 
prove that Russian nuclear deterrence which implies the use of nuclear weapons is 
not a bluff [11, 13]. 

This belief defines a broad framework for their views on when, how and where 
nuclear weapons can be used. Some of the representatives of this school insist that 
that Russian leadership should modernize its nuclear deterrence strategy, taking into 
account the practical experience of the Ukrainian conflict. This implies expanding 
the plans of nuclear weapons use” [11, 13]. 

Other protagonists of this school claim that Russia cannot win the war in Ukraine 
unless it demonstrates an evident willingness to use tactical nuclear weapons not only 
against Ukraine but selected European states. Namely they say that “this military 
operation cannot end with a decisive victory without forcing the West to retreat 
strategically, or even surrender, and compelling it to give up attempts to reverse 
history and preserve global dominance… We must go up the deterrence-escalation 
ladder quickly enough” [5]. They suggest that Russians and Belarusians living in 
Ukraine or elsewhere should be evacuated by Russia to prepare for launching a 
tactical nuclear weapon. The way to identify those nationals and the ways of their 
evacuation are not explained. 

Proposed steps along the escalation ladder towards nuclear war are built on the 
assumption that the West will be unwilling to respond. “As for possible Russian 
nuclear strikes on NATO countries, hypothetically speaking, Washington is unlikely 
to respond to these strikes by attacking Russia for fear of its retaliation against the 
United States. The absence of such a reaction will dispel the myth built for decades 
around Article V of the North Atlantic Treaty and will lead to the deepest crisis in 
NATO, perhaps even to its collapse. It cannot be ruled out that the Atlantic elites in 
NATO and EU countries will panic and will be swept away by national forces, which 
will realize that the security of their countries does not depend on the non-existent 
U.S. “nuclear umbrella,” but on building equitable relations with Russia” [11, 13]. 
They recognize that there will probably be some sort of response from Washington, 
but it is unlikely that the Americans would sacrifice Boston for Poznan, just as they 
were not going to sacrifice Chicago for Hamburg during the Cold War” [12]. 

They admit that Russia will have to expect severe condemnations not only from 
the West but also from the rest of the world, including China and India. However “in 
the end, the winners are not judged. And the saviors are thanked”. It is the victor in 
the war who decides what is right or wrong. Russia has a divine duty to defend its 
place in history [5]. 

The nuclear posture of the “nuclear fire worshippers”, first and foremost their 
reliance on nuclear prevention, is refuted by the school of “strategic realists” who 
put forward several counterarguments. First, they state that nuclear deterrence still 
works, otherwise NATO’s long-range missiles would be delivered to Ukraine and 
NATO troops might be already fighting in Ukraine. Still, nuclear deterrence is not a 
panacea or a guarantee against major wars because it can be undercut by the escalation 
of the conflict. 

Second, they say that the appeal to use nuclear weapons violates the nuclear 
taboo, which has been in place and respected since Hiroshima and Nagasaki. Once
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that taboo has been broken, controlling further escalation would be impossible. The 
appeal to “activate the nuclear factor in world politics” would not prevent, but on the 
contrary, inevitably increase the likelihood of a nuclear war. 

Third, the assumption that Russian nuclear first use can take place in Ukraine or 
elsewhere in Europe without provoking further nuclear attacks is speculative. After 
crossing this Rubicon, it will become much more difficult to stop. All stages of a 
possible escalation are unpredictable. 

Using tactical nuclear weapons on the part of Russia would result in an over-
whelming attack using conventional weapons against Russian assets, including the 
Baltic and Black Sea fleets [3]. Russia would then have to respond with more 
numerous nuclear strikes against NATO. In response to this attack, NATO would 
almost certainly resort to nuclear retaliation against targets in Russia. So, selective 
escalation would in fact lead to a nuclear disaster. 

As Alexey Arbatov has noted, “Tactical nuclear weapons are not some “sterile 
instrument.” The bombs that wiped out Hiroshima and Nagasaki would now be 
classifies tactical grade. Further escalation through the stages of air-space strikes 
and nuclear attacks would quickly bring the conflict to an exchange of massive 
strikes with all the monstrous consequences [2]. 

The political damage for Russia would be enormous. For non-nuclear states, NPT 
members, Russia would immediately become a toxic actor with whom no one could 
afford to interact. Breaking the nuclear taboo could destabilize nuclear deterrence in 
other regions: i.e. between India and Pakistan, China and India, China and Taiwan, 
Israel and Iran. And this would be the final convincing argument for all those states 
that are striving to go nuclear. 

9.4 Resumption of Nuclear Testing 

As the war in Ukraine has ground increasingly towards stalemate, Russian foreign 
policy experts and media figures have pushed for a new kind of escalation: resumption 
of nuclear tests. It is no coincidence that the first touchstone regarding the resumption 
of nuclear tests was thrown by the representatives of the school of “nuclear fire 
worshippers.” 

Aside from the exotic proposal of a journalist Margarita Simonyan to test a nuclear 
weapon “some place over Siberia” and send a “nuclear ultimatum” to the West, [7] 
more sophisticated political experts from this school of thought supported the idea 
of “resuming nuclear testing as soon as possible: first underground, and if this is not 
enough, then with the detonation of Tsar-Bomba-2 on Novaya Zemlya, while taking 
steps to minimize damage to the environment of our own country and of friendly 
World Majority states [6]. 

Interestingly, these ideas have been supported by some well-known Russian physi-
cists but in line with president Putin’s position who “admitted that Moscow would 
conduct nuclear tests only if Washington does it”. Russia and the U.S. continue to
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abide by the Comprehensive Test Ban Treaty (CTBT), which established an inter-
national legal norm against nuclear testing. But the treaty has not come into force: 
nine countries have not ratified the CTBT including the US and Russia. The latter 
withdrew its ratification in November 2023. It means that the CTBT has not incor-
porated previous treaties on nuclear testing. For whatever reason, this fact is being 
ignored by the proponents of nuclear test resumption. 

Russian strategic realists emphasize several important logical connections 
between these treaties. First, the CTBT is inextricably linked to the NPT. Calls 
for a prohibition on nuclear testing have been a central tenet in the nuclear field 
since before the Treaty on the Non-Proliferation of Nuclear Weapons (NPT). The 
aspiration to ban all nuclear testing is reflected in the preamble of the NPT and in 
the Article VI.1 In 1995, part of the package of decisions that ensured the indefinite 
extension of the NPT was the commitment to conclude CTBT negotiations by 1996. 
Early entry into force of the CTBT was one of the 13 Practical Steps, agreed upon 
by NPT States Parties in 2000 [8]. 

Second, Each State Party has the right to withdraw from the CTBT with six 
months’ notice, which means that Russia’s withdrawal would not surprise anybody. 
With its withdrawal from CTBT Russia could conduct only underground tests because 
the Limited Test Ban Treaty signed by the United States, the Soviet Union, and Great 
Britain in 1963, banned all nuclear tests in the atmosphere, in space, or underwater. 
Underground nuclear tests can be registered by seismic detectors, which won’t have 
the effect that is the purpose of this act. 

If Russia complies with the procedure of withdrawal from the mentioned interna-
tional treaties, the United States would also be ready to resume nuclear testing. As in 
the past, an unprecedented arms race will begin; in which Russia will have a very diffi-
cult time. The “nuclear fire worshippers” ignore history when they refer to the testing 
of Tsar-bomba in 1961, but not to the international consequences of this test, first 
and foremost, an intensifying nuclear arms race and international tensions that led 
to the Cuban missile crisis of 1962 and eventual Khruschev’s missiles’ withdrawal. 

9.5 Prospects of Nuclear Proliferation 

Nuclear fire worshippers” sometimes openly approve further nuclear proliferation. 
They argue that sooner or later, Russia will have to change its official position on this 
issue, which was imposed by Americans who wanted to minimize their risks. Still 
non-proliferation policy was unfair to many non-Western states and stopped working 
long ago. 

Moreover, they claim that “historically and philosophically, proliferation 
contributes to peace”. It is frightening to even imagine what would have happened

1 “Each of the Parties to the Treaty undertakes to pursue negotiations in good faith on effective 
measures relating to cessation of the nuclear arms race at an early date and to nuclear disarmament, 
and on a treaty on general and complete disarmament under strict and effective international control”. 
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if the USSR and then China had not developed nuclear weapons”. Having acquired 
nuclear weapons, Israel became more confident among its hostile neighbors. But 
if Israel’s neighbors had nuclear weapons, Israel would have acted more modestly. 
Having carried out nuclear tests, India has become more secure in relations with 
a more powerful China. North Korea is more confident and is raising its interna-
tional status, especially since Russia has finally stopped dragging itself in the wake 
of the USA and de facto resumed cooperation with Pyongyang” [6]. They say that 
limited nuclear proliferation may also prove useful as a barrier to the creation and 
use of other weapons of mass destruction. But most importantly, nuclear weapons, 
including their proliferation, are necessary to restore the aspects of nuclear deter-
rence that have ceased functioning—to prevent not only major conventional wars (as 
in Ukraine). A conventional war cannot be won if the potential enemy has nuclear 
weapons and, most importantly, is ready to use them. 

Summing up, according to this school of thought, “the polycentric and stable 
world order of the future will not come without nuclear multilateralism…”. However, 
a “selective” approach is being put forward here: it is necessary to help Iran, the 
United Arab Emirates, Saudi Arabia, Egypt, as well as Brazil and Mexico with 
the acquisition of nuclear weapons. But if Germany or Poland try to destroy these 
weapons, they should be destroyed “with a preemptive strike, and the same applies 
to Japan. Naturally, proliferation also carries risks. But given the current disorder 
and redivision of the world, these risks are much smaller than those that result from 
the weakening of nuclear deterrence [6].” 

Contrary to the prevailing view that nuclear weapons are a reliable guarantee 
against big wars, the “strategic realists” say that nuclear proliferation is a recipe for 
disaster [1]. With horizontal nuclear proliferation the likelihood of nuclear conflict 
increases as the number of nuclear states with completely different nuclear strategies 
expands. Moreover, Karagnov’s proposal that Russia should help its allies to build 
nuclear weapons is a double-edged sword. The same logic could be applied by the 
West to Ukraine or Taiwan. The Ukraine President Volodymyr Zelensky during his 
October visit to the US met former President Donald Trump and told him that Kyiv 
will pursue nuclear weapons for defense if it doesn’t gain entry to NATO [4]. Prior to 
the Budapest Memorandum, Ukraine had the world’s third-largest nuclear stockpile 
on its soil following the breakup of the Soviet Union. It is one of four countries— 
along with Belarus, Kazakhstan and South Africa—to have voluntarily embraced 
nuclear disarmament. It seems that the appearance of a nuclear power on Russia’s 
borders is unlikely to meet Moscow’s interests. How would the worshippers feel? 

9.6 Conclusion 

One of the most important questions is whether there is a feedback link between the 
nuclear debate of experts and the official course of the Russian leadership. And if 
there is, what is the impact? Of course, there is no “iron curtain” between Russia’s 
experts’ community and the leadership. Unlike the Soviet time, the current nuclear
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debate has a range of differing views. On the one hand it is impossible now to find 
in this debate those ideas about a nuclear free world or nuclear disarmament, which 
were very popular 50 years ago. On the other hand, few experts call to launch a 
massive nuclear strike against the United States. These are the limits. 

Representatives of the Russian political elite attend the most important forums 
like the Primakov Readings and the Valdai Forum. Recently President Putin directly 
debated the nuclear issues with Karaganov. However, like in other countries the 
causal relationship here is not obvious. It is not crystal clear who is exerting influence 
on whom. Probably, in our case it may have the opposite vector: creating a benign 
propaganda background for a more moderate course adopted at the top. The published 
amendments to the nuclear doctrine do not indicate a fundamental revision, but rather 
a clarification of some of its provisions. Contrary to the proposals of the radicals, 
officially Kremlin is not talking about preventive or pre-emptive nuclear strikes, 
limited nuclear war, or the use of nuclear weapons as a utilitarian means of achieving 
the success of military operations in Ukraine and beyond. 

Despite wide spread views that all red lines are blurred in the Ukrainian conflict, 
these lines still exist. For the West, this is the first use of tactical nuclear weapons by 
Russia. For Russia, it is the West’s permission for Ukraine to hit Russian cities, 
primarily Moscow and St. Petersburg, with long-range weapons as well as the 
possible acquisition of nukes by Ukraine. In this regard, speculations that exist in 
both Russia and the West that the parties are bluffing when they talk about the possi-
bility of a nuclear response to each other’s actions are very dangerous. We often hear 
from the Western experts and the Russian opposition located abroad that Kremlin 
will never use nuclear weapons in the Ukraine conflict and such statements are just 
blackmail. The same with regard to the US and NATO we hear from some of our 
fire worshippers. Such perceptions intentionally or unintentionally push the sides 
towards a nuclear escalation. 

A threat assessment results from a focused and exhaustive research effort and 
is expressed in probabilities instead of certainties. So, the issue is not whether “I 
believe down the street, the probability that a brick will fall on your head is very 
small. But if you are walking on a construction site, the probability will be much 
higher, and you should wear a safety helmet. A nuclear threat assessment is thus a 
specialized area of expertise that requires understanding of a wide range of issues, 
including escalation lines and even the place of analogies in political and military 
thinking. The answer to the question of whether president Putin wants to use nuclear 
weapons will be “no”, he does not want to. But could there be a situation in which 
he would use nuclear weapons (like any other leader of a nuclear power)? Yes, there 
could be such a situation. Hence it is obligatory to prevent such cases. 
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Chapter 10 
Israel Between Iran’s Regional 
Ambitions and Nuclear Plan 

David Menashri 

Abstract The Islamic Revolution was a turning point in the history of modern Iran, 
marking a change in the regime’s ideology and a shift in its policy. In its attitude 
toward Israel, Iran moved from close friendship to bitter animosity. In the past, the 
countries were distant from each other, but Iran’s increased involvement in the region, 
directly or through its proxies, turned it into a kind of neighbor with which conflicts 
intensified. Iran’s nuclear program has added critical dimensions to the enmity. Since 
April 2024, the conflict has escalated from a shadow war to mutual attacks, creating 
a significant shift in the balance of power in favor of Israel. This article examines 
Iran’s policy toward Israel, focusing on two crucial areas—regional policy and the 
nuclear program. Finally, it examines their bilateral relations following the Hamas 
attack on October 7, 2023, until the end of 2024. 

10.1 From Close Friendship to Bitter Animosity 

The legacy of Iran is based on three main pillars—ancient, imperial, monarchical, 
and Persian; medieval, Islamic-Shi’ite; and the third, which has become entrenched 
over the past two centuries: new, modern, Western. The three layers joined together 
to shape the new Iran. Vacillating between the imperial heritage, Islamic tradition, 
and an anti-imperialist approach proved to be a complex experience, a mixture of 
Iranian nationalism, Islam, and the West. The first two are anchored in Iran’s sense of 
uniqueness and superiority over its neighbors and the aspiration to be a major power 
in the region [8, 5]. The influence of each layer is shaped by the changing realities 
and the unique perceptions of the leadership at any given time. Iranian nationalism 
is often typified by disdain and arrogance toward its neighbors, and by the belief 
that Iran and Shi‘is have been unjustly deprived of their deserved central role in 
world history. The senses of victimization and “historical humiliation” strengthen 
the aversion to foreign interference, which was reinforced by the perceived American 
hostility [1].
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Caught between the challenge of effectively running the state and ideological 
convictions, the Islamic regime felt often obliged to adopt a pragmatic policy. In 
1987, Ayatollah Ruhollah Khomeini sanctioned the authority of the state even “to 
destroy a mosque” or suspend the exercise of the “five pillars of the faith,” if the state’s 
interest so required (Kayhan, 7 January 1988). Like other ideological movements in 
history, upon assuming power and facing the complex demands of governance, the 
new regime was often forced to adapt itself to newly emerging realities. How does 
Iran’s assertion that there is no difference between Muslims, either in ethnic or 
sectarian affiliation, accord with the constitution, which states that only a Shi‘i of 
Iranian origin can hold office as president? How can one reconcile the abhorrence of 
national divisions within the world of Islam with the insistence that the Gulf must 
be called Persian? The revolutionary ideology negated the existence of Israel, but 
unlike in most other cases, the regime did not see yet a sufficient interest to deviate 
from its dogma. 

Iran and Israel do not share common borders, have had no wars between them, 
and have no territorial claims on each other. Although Iran recognized Israel only de 
facto (in 1950), they evolved into an intimate strategic alliance—“relations of love 
without a marriage contract,” as a senior official described it to me in 1976. This 
“Golden Era” came abruptly to an end in 1979. The revolutionary ideology and its 
strategic ambitions posed severe challenges to Israel. Iran’s nuclear program, along 
with its advanced long-range missiles, were additional concerns. On its part, Israeli 
animosity toward Iran, its operations against the nuclear program, and its regional 
policy made it the archenemy in Iranian eyes. 

Iran’s Islamic arguments against Israel placed the hostility on a religious rather 
than a political-national basis. According to its dogma, Judaism is not a nation but a 
religion; Jews do not deserve a state, certainly not in Palestine. The conflict was seen 
as one between righteousness and falsehood, and it is the “religious duty” of Muslims 
to fight it. Israel was viewed as the power behind every sinister scheme. Moreover, 
since Islam is the last monotheistic religion (and due to the abundance of oil in their 
lands), Muslims are merit to be the leading force in human society. Furthermore, 
instead of Jews being a tolerable minority in Muslim lands, many Muslims now 
live under Jewish rule. Thus, history has gone off the rails, making it the duty of the 
Islamic Republic to correct this distortion. Israel’s close relations with the Shah were 
also held against it. Israel was thus the enemy of Iran, of Islam, and of humanity, and 
therefore should be “wiped out from the map.” More practically, for Shi‘i Iran to claim 
leadership of the Muslim world, it must hoist the Palestinian flag and lead the struggle 
against Israel. Milder expressions were infrequent and usually voiced by people 
with no official standing. Some argued that, regardless of revolutionary slogans, 
Israel could not be eliminated, that the Prophet made agreements with the Jews, 
and advised that Iran, as a Persian maxim maintains, should not be “a bowl that is 
warmer than the soup”—more Palestinian than the Palestinians. For his part, Supreme 
Leader Ali Khamenei viewed Israel as “racist,” a “cancerous tumor,” created to foil 
Muslims’ unity, honor, and integrity. The “final solution” Khamenei proposed is that 
all Palestinian refugees should return to Palestine and together with Jews who lived 
there before 1948 hold a referendum to approve an [Islamic] state democratically
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(Radio Tehran, 20 October 2000). In Persian, this approach is called “strangling with 
cotton”—killing softly. 

During the first decade of the revolution, regional policy was defined principally in 
ideological terms. Gradually (mainly since 2009), ideology was placed in the service 
of Iran’s national interests and security. The new realities encouraged a more balanced 
foreign policy, based on rational-pragmatic assessment [2]. In both areas, domestic 
and regional developments have been insufficient to produce a breakthrough. In the 
first years after the revolution, when Iran was engaged in war with Iraq, Iran even 
bought arms from Israel, in 1985/6 (the Iran-Contra affair). 

Iranians then rationalized this attitude by claiming that to avoid drowning, it is 
admissible to hold on to the snake’s tail. As in Iran, Israel’s tone became much more 
heated at the beginning of the millennium. Israel took a firm line against Iran on 
every issue: human rights, animosity toward Israel and Jews, Iran’s nuclear project, 
and its expansion in the region. Israel volunteered to head the front against Iran’s 
nuclear program and made a worldwide effort to promote awareness of Iran’s threat 
to Israel, the region, and the world. It also worked to thwart the nuclear program and 
acted against nuclear sites and scientists. This has significantly slowed down Iran’s 
plans, but did not stop the nuclear project. Although after the nuclear agreement 
(2015), Iran was faithful to its obligations, it advanced its plans after the United 
States’ unilateral withdrawal from the agreement (2018) and during the negotiations 
with the United States on its renewal in the early 2020s. 

By the end of 2010, it had become evident that Israeli targeted killings of nuclear 
scientists, sanctions, and cyber-attacks had failed altogether to stop Iran’s progress. 
Their plans for an air attack on Iran didn’t materialize until 2024 (except for a few 
targeted attacks). According to former Mossad Chief Meir Dagan, Prime Minister 
Benjamin Netanyahu was the only Israeli prime minister that “the entire defense 
establishment failed to accept his position” regarding a military attack [3]. Another 
former Mossad Chief Tamir Pardo blamed the high level of uranium enrichment 
Iran had reached on a lack of strategy on the part of Israel, along with the Trump 
administration, which had led Iran to be become recently potentially only weeks away 
from a nuclear weapon (Jerusalem Post, 9 June 2021). Israel’s failure to block Iran’s 
regional expansion resulted from numerous factors: underestimating Iran’s ability to 
build support among proxies; a mistaken belief that its enemies were deterred; and 
overconfidence that it could overcome any threat due to its military might (mainly air 
superiority, rockets and advanced technology), combined with a typical arrogance 
(see below). 

The advantages of Iran’s use of proxies are clear: the dissemination of religious-
political doctrine; recruiting faithful yet inexpensive military personnel; supporting 
friendly movements in sensitive locations; and gaining influence and advancing its 
interests beyond its borders. Proxies also provide a convenient zone of deniability; 
their use is cheaper and saves lives on the patron’s side. The chain of proxies also 
enabled a land corridor from Iran to the Mediterranean and a pathway to the strategic 
Bab al-Mandeb Strait. 

The use of proxies, however, is not without problems. Not all proxies fully adhere 
to Iran’s policy, or share its ideology and goals, and their commitment to Iran is
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contingent on their own interests being met. Sharp disagreements with Syria, their 
main ally, arose already during the Iran-Iraq War, and in the 1990s Syria entered 
peace negotiations with Israel, despite Iran’s huge investment in Syria. For its part, 
Iran never promised to always support its proxies. The use of proxies also led to 
increased cooperation among Iran’s opponents (mainly within the Sunni axis and 
strengthening relations with Israel). 

The US and European countries also opposed the proxies and imposed sanc-
tions. Moreover, the countries from which militia fighters were recruited (such as 
Afghanistan and Pakistan) were displeased by the recruitment of their citizens and 
their deployment as “cannon fodder” in service of Iran’s interests. At home, the 
astounding expenses spent on proxies were severely criticized. Also, the need to 
recruit foreign combatants attested to a diminished willingness for sacrifice among 
Iranian youth. Iran has also spent billions of dollars annually supporting Syria and 
its proxies [4, 7]. 

Iran developed a strategy of “Forward Defense” based on proxies around its border 
(Lebanon, Syria, Gaza, and the West Bank) and further away (Iraq, Yemen, and 
Bahrain), as well as on strategic ports in Yemen and a land route to the Mediterranean 
Sea. Contact between them was maintained through the Iranian-led “resistance front.” 
The movements are diverse in terms of religious-sectarian affiliation (mainly Shi‘is 
from different schools of thought as well as Sunnis), ideology, interests, Iran’s role 
in their formation, and their ties with Iran. 

Hezbollah is the “flagship” of the creed to export the revolution. It is often dubbed 
the “jewel in the crown” due to its ideology and close ties with Iran, its location on 
Israel’s border, and its military might - an asset for the moment of truth. It is loyal 
to Iran’s revolutionary doctrine and recognizes Khamenei as the source of religious 
authority. However, it has been gradually integrated into the Lebanese governmental 
system and cannot fully detach from the state’s interests. 

Thus, it has proven sometimes reluctant to confront Israel to spare Lebanon from 
its counterattacks. In Iraq, following the call of Ayatollah Ali al-Sistani, Popular 
Mobilization Forces were established in 2014, and various militias joined its ranks. 
Some of their leaders also hold key positions in the government and thus must 
consider state interests. There are also independent Shi’ite organizations in Iraq, 
such as the popular organization of Muqtada al-Sadr, headed by the Saraya al-Salam 
militia, which opposes Iran’s policy and supports an extremist anti-American line. In 
Yemen, the main force is Ansar Allah (Houthis), a Zaydi Shi ‘i movement that differs 
from other proxies in terms of ideology, formation, and commitment to Iran. They 
seized control of the country in 2014 and control Sanaa and large parts of Yemen, 
including strategic port cities. The Houthis’ alliance with Iran was forged when, in 
the early 2010s, the Iranians recognized their potential to serve Iran’s interests against 
rivals in the Gulf region and Israel. Iran assists them with armaments, guidance, and 
funding, but they are not its pawns and do not agree with it on every issue. For their 
part, they are resentful of what they see as Iran’s lax policy vis-à-vis Israel (see 
below).
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Iran managed to save the Assad regime against all odds until December 2024, 
tightened its relations with China and Russia, cooperated with Turkey, despite previ-
ously tense relations, and increased its influence in the Horn of Africa. Hezbollah has 
become the main force in Lebanon, while the militias operating under Iranian aegis 
are the dominant force in Iraq. Hojjat al-Islam Mehdi Ta’eb, close to the Supreme 
Leader, even went so far as to describe Syria as Iran’s 35th province. For him, Syria 
was more important to Iran than Khuzestan. He rationalized that if Iran retains Syria, 
it will be able to retake Khuzestan; but if Syria falls, Iran will lose Tehran. This view 
bluntly ignored the heavy sacrifices of this province in the war, and the fact that Iran 
has only 31 provinces. Only by counting Iraq, Lebanon, Yemen, or Bahrain could 
the total reach 35 provinces (‘Asr-e Iran 16 February 2023). 

While the regime was building on its “successes,” public fury has increased, 
especially since the late 2010s. Many have opposed Iran’s adventures beyond the 
borders, the sacrifices in lives and money in support for allies and proxies. A popular 
maxim, frequently heard in Iran, linked popular distress to support for proxies: “A 
lamp essential for the household is forbidden [haram] to donate it to the mosque!” 
Others set against religious and revolutionary maxims practiced in Iran, preaching 
instead devotion to Iran: “neither Islam, nor Qur’an, I will sacrifice my life for Iran.” 

Thus, while the slogan of the 1979 Revolution was “Islam is the solution,” 
an attractive and catchy phrase with which many could identify, by 2009 many 
wondered, “Is Islam the solution?” More recently, many resolved that Islam, as 
practiced under the Islami rule, is not the solution. 

Criticism also came from senior officials. Already in 2015, Rouhani stated that, 
“the main enemy” of Iran is not the U.S., nor Israel, but unemployment, inflation, 
drought, and crisis of ecology (Radio Free Europe\Radio Liberty, 18 September 
2015). In a video clip on the eve of the Persian New Year in 2020, former Foreign 
Minister Mohammad Javad Zarif condemned the gaps within Iranian society. He 
courageously advised “conceptual remodeling” and “regime innovation” (Ferraro, 
2020). Former President Mahmoud Ahmadinejad criticized the regime for concen-
trating all powers but shifting responsibility to the people. He concluded bluntly: 
This is not religion of Allah, but religion of Satan (Doulatebahar.news, 16 November 
2021; YouTube, Zolmnews, 17 November 2021). It was long clear that the main 
problem in Iran is at home. 

10.2 Iran and the War in Gaza 

The Hamas attack on 7 October 2023, followed by the ongoing war in Gaza and 
clashes with the “resistance front” and Iran itself, has had far-reaching effects on 
the Middle East and beyond. By the end of 2024, it is still not clear when and 
how the war will end and what its implications will be for the various players. Yet, 
indisputably, it has changed the regional architecture. Iran’s initial policy remained 
faithful to its regional strategy: support for Hamas and the Palestinian Islamic Jihad 
(PIJ), while denying any involvement or prior knowledge of the attack. It aimed
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to avoid responsibility, minimize damage, and safeguard its interests. Concurrently, 
it aspired to avoid confrontation with the U.S. and to avert normalization between 
Israel and the Sunni axis, particularly with Saudi Arabia. 

The proxies were an important tool to advance its goals, not the other way around. 
Iran glorified Hamas’ “heroic victory,” denied prior knowledge of the war (its timing, 
not the plan), and offered its help as “part of the solution”—positioning itself as both 
arsonist and firefighter. Iran applauded Israel’s military and moral defeat, which in 
its view shattered the myth of Israeli power and invincibility, while emphasizing that 
the attack was carried out exclusively by Palestinians. Yet, senior officials approved 
that Iran provided Hamas with funding, arms, and training, and had significant part 
in its plans. According to Kayhan, the day before his assassination (3 January 2020), 
Gen. Qasem Soleimani presented the “resistance front” with a treaty for cooperation 
(Kayhan, 2 January 2020). Iran also formed an “operations room” for the Front to 
coordinate between Tehran and its proxies (Tabnak, 20 October 2023). 

In the early stages of the war, the proxies declared their support for Hamas and 
backed it with attacks on Israel. First and foremost was Hezbollah, which harshly 
criticized Israel but sought to avoid a major war that would involve the U.S. and 
damage Lebanon’s national interests. Hezbollah had also to consider, the interests of 
Lebanon and the discontent among parts of the public over the damage caused by its 
reckless actions. All of this necessitated a degree of restraint. In the meantime, Israeli 
communities near the border were severely damaged, both sides suffered significant 
losses, and tens of thousands of Israelis from its northern border became refugees 
in their own country. Many residents of southern Lebanon were also forced to flee 
their homes. The attacks on both sides of the border escalated until, by the end of 
September 2024, the conflict had entered a new phase. The Israel Defense Forces 
(IDF) launched a series of assassinations in Beirut, including that of Nasrallah and 
several Hezbollah leaders, alongside Israeli attacks and IDF ground maneuvers in 
southern Lebanon. 

On 11 October 2023, Ayatollah Sistani expressed support for the Palestinian 
struggle but stopped short of calling for armed resistance against Israel. Iraqi Proxies’ 
leaders held key positions in Mohammed Shia al-Sudani’s government, which neces-
sitated restraint. Sadr focused on presenting maximalist demands (mainly against 
the U.S and Israel), such as a call to end the U.S. military presence in Iraq and 
the Middle East more broadly. Washington’s initial response to missile attacks on 
American installations from Iraq was limited to strikes in Syria rather than Iraq and 
was measured to avoid destabilizing Iraq or prompting the withdrawal of U.S. forces 
stationed there to counter ISIS. However, the United States later moved to attack 
Iraq. Prime Minister al-Sudani warned the U.S. against attacking Iran, fearing that 
political pressure might force him to take undesirable decisions. On 28 January 2024, 
pro-Iranian militias in Iraq attacked an American base in northeast Jordan, killing 
three U.S. military personnel. Both Iran and the U.S. made it clear that they had no 
intention of entering direct confrontation, and Khamenei even instructed the Iraqi 
militias not to link Iran to the activity in Jordan. 

The Houthis, however, were far more eager to participate in the war due to their 
radical anti-Israeli ideology and their ambition to be seen as a major regional force.
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Threats to navigation in the Red Sea, mainly against ships en route to Israel, 
prompted several major international shipping companies to reroute their vessels, 
significantly impacting global supply chains and costs. In response, the U.S. estab-
lished an international task force to ensure safe passage through the vital shipping 
routes. Yemen, often dubbed the “backyard” of the world, has become a significant 
ideological-military force and a key player against Israel and the U.S. The Houthis 
operate with increasing independence, reflecting a partnership rather than a proxy 
relationship. They are not “puppets” controlled by Iran via “remote control,” but 
partners and allies. Even if Iran wanted to restrain them, it is uncertain whether it 
could (Washington Post, 16 May 2016; Foreign Affairs, 29 January; Iran Foreign 
Ministry Website, 25 January 2024). 

Tensions have also emerged with Syria. Assad was the only leader of the “resis-
tance front” who did not congratulate Iran for its attack on Israel on 13 April, did 
not participate in Jerusalem Day ceremonies, and was absent from Raisi’s funeral. 
Assad, who received billions from Iran and owes it his survival, chose instead to 
grant economic benefits to Russia, to Iran’s disappointment. Strategic gaps have 
also emerged between Iran and its allies, as diverging interests began to threaten the 
coherence of its proxy strategy. Assad pursued a relatively independent policy; Iraqi 
militias attacked American bases; and the Houthis adopted an aggressive posture 
toward Israel and the United States, carrying out strikes on U.S. warships and on 
Israel in response to Israeli strikes on Sanaa and Hudaydah Port. 

The Houthis did not hesitate to harshly condemn Tehran for not responding to 
Israeli attacks. A member of the Houthi Council, complained that while the proxies 
shed their blood, those who don’t want to expand the scope of the campaign [i.e., 
Iran] refrain from action. He advised bluntly: “either do something useful or shut 
up!” (TRT World, 26 December; Cratersky.net, 27 December 2023). As a foreign 
observer noted, Iran seems “like a chariot drawn by a band of unruly horses.” Iran 
holds the reins, but its allies often decide the pace and direction (Wall Street Journal, 
19 August 2024). 

A meeting in Tehran between IRGC commanders and the proxies turned into 
a heated confrontation. The Guards called for restraint until the outcome of the 
ceasefire talks in Gaza became clear and insisted that only Iran could make the final 
decision. The proxies, however, pushed for extensive action, including strikes against 
the U.S. While Pezeshkian and his associates advocated calm, some IRGC generals 
demanded attacks on military bases in Tel Aviv (The Telegraph and Ynet, 9 August; 
Al-Jaridah, 14 August 2024). To balance, Pezeshkian said that Israel is an apartheid 
regime, commits genocide and war crimes, ethnic cleansing, possession of nuclear 
weapons (Tehran Times, 12 July 2024). 

The Iranian attack on Israel from its territory marked a transition from a “shadow 
war” to direct confrontation. An Israeli strike on an Iranian diplomatic facility in 
Damascus, regarded by Tehran as Iranian territory, on 1 April triggered pressure from 
hard-liners and some proxies for a strong response. Khamenei, who usually favored 
restraint over adventurism, faced a severe dilemma: a forceful reaction risked esca-
lation that could destabilize his regime, while inaction could provoke a credibility 
crisis at home and among allies. Iran responded with a massive aerial assault on Israel
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(13–14 April) and promptly announced that this was its revenge for the Damascus 
attack, and that it considered the matter as closed (Ynet, 14 April 2024). The attack, 
though spectacular, was an embarrassing failure. On 19 April, Israel retaliated by 
striking Iranian military sites, including targets near Isfahan, including nuclear facil-
ities. Israel also severely damaged the air defense systems in Syria, Iraq, and Iran. 
Iran did not retaliate swiftly, due to its military inferiority. Gen. Amir Ali Hajizadeh 
(commander of the IRGC’s air and space force) stated that the soldiers were eager 
to strike, but “Iran’s hands are tied” (SNN.ir, Khabargozari Daneshju, 1 July 2024). 

Lethal Israeli attacks on Beirut in September 2024—some resembling scenes 
from science fiction—inflicted severe damage on Hezbollah, created confusion in 
Iran and among its proxies, and restored some of Israel’s damaged prestige and 
self-confidence. On 17–18 September, thousands of pagers and hundreds of walkie-
talkies were exploded, killing or wounding numerous Hezbollah operatives. On 29 
September, an Israeli strike on a bunker where Nasrallah was meeting with senior 
officials killed all attendees. On 1 October, Iran again attacked Israel from its territory, 
though even less ostentatiously than in April. On 16 October 2024, Yahya Sinwar 
(head of Hamas’ political bureau) was killed by the IDF in Rafah. On the night of 
25–26 October, Israel struck numerous air defense targets in Iran, Iraq, and Syria, 
that together with the attack in April creating a reality of “open skies” for future 
attacks. These actions gave Israel a qualitative edge in the war against the proxies, 
especially against the Iranian nuclear program. 

Israel seemed eager to strike Iran’s nuclear infrastructure but still refrained mainly 
due to its prolonged multi-front war, hostages still held in Gaza, and the need for U.S. 
collaboration, or at least green line. Meanwhile, as the Israel-Iran duel played out, 
Iranian officials suggested that any Israeli strike on its nuclear sites would necessitate 
a review of Iran’s nuclear doctrine. Intelligence assessments indicated that Iran’s 
nuclear program was then better positioned to produce nuclear weapons, should it 
decide to do so. 

The election of Donald Trump in 2024 gave Israel a meaningful tailwind. Saudi 
Arabia, Egypt, and other Arab states declined to adopt Iran’s stance toward Israel. 
When Khamenei claimed that the war in Gaza had brought global attention to the 
Palestinian cause, Mahmoud Abbas, head of the Palestinian National Authority, 
countered that Iran’s “goal is to sacrifice Palestinian blood … The Palestinians do 
not need wars that do not serve their ambitions for freedom and independence” 
(Khamenei.IR, 24 March; Palestinian News Agency, 3 June 2024). In Lebanon, a 
ceasefire was reached between Israel and Hezbollah. Clashes between Israel and the 
proxies in Iraq and Yemen significantly subsided. In December, the Assad regime 
collapsed, and the land bridge that Iran had once boasted of became “a bridge to 
nowhere.” The fundamental problems remain unresolved. 

Between the completion of this article and its publication in summer 2025, 
momentous developments have taken place. The “12-Day War” (13–24 July 2025) 
between Israel and Iran had far-reaching effects on the region and beyond. Israel 
emerged triumphant and regained some of its prestige and self-confidence. The 
Iranian missile strikes on military bases and civilian targets (including scientific insti-
tution and hospital) caused extensive damage but did not change the general balance
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of power. Israel took advantage of its aerial superiority, technology and intelligence 
to acquire complete control of Iran’s skies, lead massive attacks on strategic targets 
and nuclear facilities, and assassinate senior nuclear scientists, top commanders and 
attack regime symbols. On the 12th day, the United States attacked the key parts 
of Iran’s enrichment infrastructure in Fordow, Natanz and Isfahan, using B-2 Spirit 
stealth bombers (carrying bunker-busting bombs) and Tomahawk cruise missiles at 
Natanz and Isfahan to complement the bombing campaign. Israel was euphoric while 
Iran—in a panic. The United States, having achieved its military goals and to avoid 
further spread of violence, rushed to reach a ceasefire that Iran was eager to achieve 
unconditionally, and Israel accepted reluctantly. 

Despite all the impressive military success, there are still unknowns: Were the 
nuclear sites obliterated (as President Trump insists) or only severely damaged (as 
Iran maintains)? How much of the enriched uranium was demolished or moved to a 
hiding place? While undoubtedly the attacks delayed the nuclear plan, it is not clear 
what the future bears: would the sides reach a new agreement? would Iran abandon 
its pursuit of nuclear plans? Or would it attempt to accelerate—after some time—the 
nuclearization of Iran? 

As far as Iran is concerned, it has suffered a severe blow and faced difficult chal-
lenges—increased economic distress, popular disenchantment, decline of its regional 
standing and the loss of popular support. The regime tried to present a façade of “busi-
ness as usual” and attempts to emerge from the initial shock, but it does not look the 
same as it did the day before. Under all accounts, the regime is challenged at a most 
vulnerable moment (both at home and away). 

One thing seems to be clear: In the pendulum between the centrality of religious 
against national identity, at this point the latter seems triumphant—a painful reality 
for the Islamic Revolution. The young have long distanced themselves from the 
initial revolutionary ideals and turned more to Persian nationalism. Not only that, 
the regime, including Khamenei, has also begun to cling to the Iranian national past. 

As far as Israel is concerned, despite significant success, the war in Gaza is not 
over, Israelis are still being held hostage in Gaza, and the promised “absolute victory’” 
has yet to be achieved. The rifts in society have not been healed, and the political 
rivalries have deepened. The damage of the October 7th attack and the war since 
then will tack long to remedy. 

10.3 Conclusion 

In the two main foci of this paper, expansion of Iran’s influence in the region and 
its nuclear program, by October 7th Iran has achieved significant success. Yet its 
status as the omnipotent leader of the Resistance Front has declined since the war 
and was shattered in April 2024. Israel, for its part, has not succeeded in depriving 
Iran of its assets in the region but has not succeeded in stopping its nuclear plan by 
2024. Despite heroic operations by its military-security apparatus and the impressive 
resilience of its civil society since then, the Israeli desired “absolute victory” has been
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achieved. It will take long to repair the damage and return evacuees to their homes, 
not to mention the heavy/casualties it suffered. Over fifty abductees are still held 
in Gaza, alive or dead—their return remains a top priority for most Israelis. The 
Palestinians, it should be recalled paid even heavier price. 

Israel’s security doctrine since its foundation has rested on three main fundamen-
tals: early warning, deterrence, and decisive victory. Yet in 2023 it was caught in total 
surprise and suffered both a military and cognitive blow, and the myth of its invin-
cibility was undermined. The voice of Netanyahu, who had long led the campaign 
against Iran’s nuclear threat, has been muted since his return to office in early 2023, 
when he became absorbed in the judicial reform. It remains unclear whether or how 
Israel will be able to stop Iran’s nuclear ambitions. The jubilant declarations about 
restored deterrence following tactical successes, and the celebratory tone in televi-
sion studios, would have been better replaced with humility and modesty. They have 
shown how little did Israel learn from the Hamas attack. 

It should be recalled that Iran’s growing influence in the region did not stem from 
the appeal of its revolutionary ideology or from securing freedom and welfare for 
its own people. Iran’s main regional successes occurred where ruling systems had 
collapsed, become dysfunctional, and left a power vacuum such as in Lebanon, Iraq, 
Syria, Yemen, or Gaza. Iran has proven well adept at fishing in murky waters. Yet, it 
built its proxy network to serve Iranian interests, not to waste their war potential in 
such attacks. Such a move would contradict Iran’s strategy and risk U.S. intervention 
and a regional war, with heavy cost. Iran has invested heavily in its proxies over 
decades and did not intend to squander them to serve others’ interests. The Resistance 
Front was created to act in the service of Iran’s interests on the day of the order, and 
not so that Iran would get involved in a campaign that was not its own and at an 
inopportune time. Activating the resistance front is not a "maneuver" that could be 
repeat again and again. Its failure threatened to crumble the front. 

The absence of a strategic vision was a major flaw in Israel’s regional policy, its 
approach to Iran’s nuclear program, and its handling of the war in Gaza. Tamir Pardo 
observed that Israel has “top-notch tactics, but zero strategy” (Jerusalem Post, 9 June 
2021). Reuel Gerecht and Ray Takeyh added that, for Israel, “accumulating tactical 
victories is a strategy.” One important gain available to Israel is the chance to connect 
with a bloc of more moderate Sunni states, mediated by the United States. It is not 
certain this would have succeeded, but Israel did not give it the attention it deserved. 
In a single day, Sunni and Shi‘i Islamists unraveled an emerging Sunni-Israeli alliance 
(The Free Press, 2 April 2024). 

It is often said that “it takes two to tango.” In the case of the Israeli Palestrinian 
conflict, there is not even one side that seems ready to make the necessary compromise 
for this “dance.” Israelis often scoff that the Palestinians never miss an opportunity 
to miss an opportunity. Today, there are those who say the same about the Israelis 
themselves. 

In the West, when something is dismissed as irrelevant, people say, “The rest is 
history.” But in the Middle East, everything is history. The increasingly inescapable 
lesson of the Islamic Republic’s relations with Israel, wrote Prof. Ali Ansari, is 
that there is too much politics in the history, and not enough history in the politics.
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Until this imbalance is addressed, the chances for meaningful progress remain slim 
(Ansari, A., Foreign Affairs, 29 May 2024). 
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Chapter 11 
Perspectives on a Two-State Solution 
After the Recent Escalation in the Middle 
East 

Taghreed El-Khodary 

Abstract As Any reasonable person would find it absurd to talk about a two-state 
solution when a genocide is taking place—when Israel burned families alive, when 
Israel continues to use starvation as a weapon, when Israel continues its policy of 
wiping out entire families, when Israel declaring its intend of ethnic cleansing. So far, 
over 54,418 Palestinians have been killed, among them more than 17,000 children. 
In July 2024 the world-renowned medical journal The Lancet published that 8% of 
Gaza’s population has perished—killed by bombs, starvation, lack of medical care, 
and disease. That was July 2024. The rate is higher by now. Israel banned UNRWA— 
the United Nations Relief and Works Agency for Palestine Refugees—from operating 
in the West Bank, East Jerusalem, and Gaza. Came out with “an alternative” Gaza 
Humanitarian Foundation, turns to be Gaza Humiliation Foundation. Sadly the US 
is a partner in this humiliation tool that aims to turn The Gaza Strip into unliveable 
place. To this date, Israel refuses to accept a ceasefire, despite the overwhelming 
international calls. Let’s remind ourselves here of what were the Political solutions 
options that we used to discuss as journalists, analysts before the plausible genocide 
we are witnessing with our eyes live from Gaza. 

11.1 The Two States Solution 

For over 30 years, the Oslo Accords have been the cornerstone of this proposed 
solution. But Oslo failed. The key issues—borders, East Jerusalem, and the right of 
return for Palestinian refugees—were postponed indefinitely. These core issues were 
not discussed from day one. Postponement led to the failure. Let alone, Israel keeps 
from the time of Oslo years till today expanding its illegal settlements, undermining 
any hope for a viable Palestinian state.
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Another option we talked about was An Egalitarian Binational State. This would 
be based on mutual legitimacy and equal rights between two national groups— 
Palestinians and Israelis. But this option was unacceptable to both Israel and the 
West. Israeli practices on the ground at that time obviously intended to fail Oslo. 
This Egalitarian Binational State option gained more support among Palestinian 
intellectuals and those opposing Oslo and the youth. 

If Israel is not interested in the two-state solution or Binational State, are they 
interested in Apartheid State? Its policies made it clear to us that they are ok with 
the apartheid state. Israel then moved to establish the Abraham Accords. Instead of 
pursuing a just resolution between Israelis and Palestinians, Israel embraced normal-
ization with few Arab states through the Abraham Accords—completely excluding 
Palestinians. The Palestinian cause was pushed out of the political discussion, and the 
Palestinian Authority (PA) was reduced to a security subcontractor, with no control 
over its own people’s fate. PA to remain as the biggest employer responsible for 
only one thing: Security cooperation with the Israeli military occupation. The PA 
to guarantee security for the Israeli occupation by arresting Palestinian resistance 
groups. The outcome post the Abraham accords is zero recognition of Palestinian 
self-determination. Palestinian cause is completely pushed out of the political discus-
sion. Meanwhile, Gaza under siege and what tuned to be wishful thinking is turning 
Hamas into a municipality. 

Gaza has been under siege since 2007—17 years of collective punishment. After 
winning the legislative elections, Hamas was denied political legitimacy, and Gaza 
was placed under complete siege. 

Then came October 7. A few members of Hamas sought to change the status quo, 
interrupting a possible Abraham accord with the Saudi Arabia. Also, an attempt to 
releasing the thousands of Palestinian political prisoners in Israeli jails. Hamas attack 
was shocking to all. Gazans’ immediate reaction was fear of Israel’s response. They 
have lived through four wars and the Second Intifada. But no one anticipated what 
followed: an unprecedented genocide, mass displacement, and a continuation of the 
1948 Nakba. 

11.2 Voices from Gaza 

A major Every day for over a year, 
my family and friends in Gaza ask me: 

Is there any hope that Israel will stop? 

Why has the world abandoned us? 

Will the ceasefire talks succeed this time? 

All of my relatives have been forcibly displaced, except for Zuhair, my brother-
in-law, who still lives in his home in Gaza. One of the oldest houses in Gaza city. He 
refuses to leave. “Where would I go?” he asks. “Look what happened to those who 
left. I prefer to die with dignity in my home.”
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My dearest cousin Hind remains, reporting for Al Jazeera English from the middle 
areas of Gaza. She refuses to flee, committed to her ethical responsibility. 

Other distant relatives and neighbours, the Khurshid family, also refused to leave. 
The mother insisted that everyone stay in their home in Gaza City. Imagine this: all 
who stayed inside—her son, her grandchildren—were killed by an Israeli airstrike. 
Only she, the grandmother, survived, simply because she happened to be on the 
balcony when the missile hit. The injured grandmother managed to leave Gaza to the 
US to be with her two daughters. Two of her grandchildren survived because they 
were out of the house during the Israeli bombing. 

We have witnessed humiliation, killing, displacement, and dehumanization—and 
the world remains “concerned.” That’s all we hear. 

How can anyone speak of a two-state solution while Israel continues its settler-
colonial project in Gaza, the West Bank, and East Jerusalem? President Biden, who 
calls himself a Zionist, has refused to use the significant leverage the U.S. has over 
Israel. Instead, the only advice given is: “Try to minimize Palestinian deaths.” And 
now same American policy continues with President Trump. 

11.3 Western Hypocrisy and Media Lies 

There are two lies that drive me mad when repeated by mainstream media: 

1. “Israel has the right to defend itself.” 

Israel is defending only one thing: its military occupation. 

2. “Hamas uses Palestinians as human shields.” 

In reality, Israel forces Palestinians into so-called safe zones—then bombs them. 
Israel is using Palestinians as human shields and the media does not cover it as it is. 

I am a Palestinian from Gaza, born and raised in the Rimal neighborhood, near 
the now-destroyed Shifa Hospital. I went to schools that are now rubble. I worked in 
media offices that have been bombed. I drank coffee at the Dirah café by the Mediter-
ranean—it no longer exists. Hamas never used my family, neighbors, or community 
as human shields. They never fired rockets from our areas. Israel’s objective is clear: 
ethnic cleansing and the extermination of Palestinians. Freedom of expression is not 
antisemitic, it is essential. We must never fear speaking the truth. The Palestinian 
cause is just that is where we draw our strength.
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11.4 What Must Be Done 

End the occupation 

The root of the problem isn’t Hamas or Hezbollah—it is the military occupation. We 
need a political solution based on international law and UN resolutions. Israel says 
no to everything—no to peace, no to boycott, no to resistance. So what does it want? 

Enforce the ICJ ruling 

On July 19, 2024, the International Court of Justice ruled that Israel’s occupation 
of Gaza, the West Bank, and East Jerusalem is unlawful and must end. Settlements 
are war crimes and must be dismantled. Western powers must not be complicit and 
repeat history. 

11.5 Demand Accountability 

Israel must be held accountable for its crimes. Without justice, the cycle continues. 
As ICC prosecutor Karim Khan recently revealed, he was told the court was “built 
for Africa and for thugs like Putin,” not for Western allies. This mindset must be 
rejected. 

End Western hypocrisy 

Western governments cannot selectively apply human rights. Some even praised a 
deadly Israeli attack in Lebanon. How have they reached the point of celebrating 
civilian deaths/terrorism? 

Impose an arms embargo 

The U.S. and Europe must stop sending weapons that fuel this genocide. 

Fix media bias and treat Israeli officails same way you treat Russian officials 

Journalists must provide context and resist Israeli propaganda. If Israel continues to 
deny access to Gaza for International journalists, then media outlets should consider 
boycotting interviews with Israeli officials, who only promote their propaganda narra-
tive. A form of pressure is never too late. It’s never too late to push back with facts 
and confront the Israeli politicians with their crimes. International Journalists must 
be allowed to go to Gaza and document all.
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11.6 Conclusion 

Both the West and the Arabs have failed to stop the genocide in Gaza, to stop the 
pogroms in the West Bank and the expansion of the illegal Israeli settlements in the 
West Bank. The question I keep asking why could the West and the UN impose a 
solution on Serbia, thus creating Kosovo. WHY NOT IN PALESTINE? How come 
allowing extremist/fascist government in Israel to carry out these crimes. How come 
the West is failing again after promising never again. 
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Chapter 12 
The International Quest for Fusion, Past 
and Future 

Francesco Pegoraro 

Abstract Controlled thermonuclear fusion may provide the long term solution to the 
process of energy transition and prove to be an energy source that benefits the whole 
of human society. Research on its realization in the laboratory started several decades 
ago but is still far from commercially viable energy production, even if very promising 
results have been obtained in recent years. The quest for net energy production in the 
laboratory has been hindered by physics and technology challenges, but these very 
difficulties have provided the stimulus for a strong international collaborative effort 
that has crossed ideological and political barriers and has provided a major channel 
for peaceful agreements and nuclear arms control through the direct contact between 
scientists from the different sides. 

12.1 Introduction 

The aim of laboratory research into thermonuclear fusion is to be able to reduce the 
process that keeps stars alight to the scale of a power plant [1]. The energy that stars 
radiate originates from fusion reactions in which, differently from nuclear fission, 
the nuclei of two light elements fuse to form a heavier nucleus, releasing energy in 
the form of kinetic energy of the particles produced. To achieve the fusion of the two 
nuclei it is necessary to provide them with enough energy to overcome the electrical 
repulsion that would keep them apart. The physical conditions for this process to 
lead to a net energy gain are those of a high-temperature confined plasma, of the 
order of a hundred million degrees, where fusion reactions can compensate for all 
energy losses [2]. 

There are two main types of confinement: magnetic confinement and inertial 
confinement. In magnetic confinement the plasma is enclosed inside a toroidally 
shaped magnetic “bottle” and heated until it is brought to the required conditions.
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In inertial fusion a small pellet of solid matter is compressed and heated by very 
powerful laser pulses. In the fusion reaction that has the highest reactivity and that 
thus will be used first to produce energy, a Deuterium and a Tritium nucleus fuse 
forming a Helium nucleus (an α-particle) with the additional release of a neutron. 
For equal reacting masses this process produces about ten million times more energy 
than in a chemical combustion process. In both magnetic and inertial schemes the 
energy produced will be extracted with a heat exchange process from a Lithium 
blanket. Like Deuterium, Lithium is easily found in Nature and when hit by neutrons 
from the fusion reactions produces the Tritium needed to compensate for the burnt 
fuel. 

12.2 Recent Developments 

There have been important new developments in recent years with promising results 
achieved both in inertial and in magnetic fusion. In December 2022 at the US National 
Ignition Facility (NIF) for the first time more fusion energy (3.15 MJ) was produced 
than was supplied to the Deuterium–Tritium (D–T) pellet (2.05 MJ), thus starting a 
burning process [3]. This was a very significant milestone even if the energy supplied 
to the pellet was only a fraction of the energy needed to produce the laser pulses. 
In the framework of magnetic fusion an important result was obtained in the UK at 
the Joint European Tokamak (JET), one of the longest-running and most successful 
experiments in the field of fusion. In December 2021, in a plasma discharge lasting 
over 5 s, 59 MJ of fusion energy were produced1 corresponding to a fusion power of 
~ 11 MW. The energy produced exceeded, even if with a lower “gain” (significantly 
below energy breakeven), the previous record set at JET in 1997. 

In addition to these energy records, there have been significant advances in the 
science and technology of magnetic fusion in countries outside Europe and the US, 
in particular in China, Japan, India and Korea. In China the EAST tokamak produced 
a “quasi-steady” plasma pulse with a record duration of 1056 s. In Japan JT-60SA, 
an advanced joint Japan-Europe experiment, was inaugurated in December 2023. 

From the physics and technology point of view a very important recent develop-
ment is the renewed interest in the “high magnetic field line” (up to ~ 20 T), rekindled 
by the recent realization of large-size “high temperature” (~ 20 K) superconducting 
magnets. 

However these developments do not guarantee a significant shortening of the time 
required for the realization of a commercial nuclear fusion plant. Indeed, in the case 
of the magnetic fusion project International Thermonuclear Experimental Reactor 
(ITER),2 we are perhaps witnessing a further delay.3 

1 https://ccfe.ukaea.uk/fusion-energy-record-demonstrates-powerplant-future/. 
2 https://www.iter.org. 
3 https://www.world-nuclear-news.org/Articles/ITER-director-general-promises-realistic-project.
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12.3 Nuclear Fusion for Peace 

Producing fusion energy in a controlled way and at laboratory scales has presented 
practical and conceptual physics challenges that were initially not anticipated. Inter-
estingly, the very difficulties in achieving net energy production have been the main 
stimulus, at least in the case of magnetic fusion, for a strong, and now world-wide, 
international collaboration. This collaboration has lasted for more than half a century 
through the cold war and, as far as we can see, the recent tensions due to the war 
in Ukraine. In the case of inertial fusion such a wide collaboration has been partly 
hindered because of its indirect connection with nuclear weapon stewardship. Such 
a connection is not present in the case of magnetic fusion that instead has developed 
a strong relationship with astrophysics and with space physics in particular. 

The idea that it might be possible to obtain net energy in the laboratory from 
controlled nuclear fusion processes predates WWII, but the effective birth of fusion 
research dates from the early ‘50s [4]. It was part of the general endeavor of scientists 
in the nations that had achieved nuclear weapon capabilities to use atomic energy 
(thus including fission and fusion) for peaceful energy production. In their research 
fusion scientists experimented with a range of different magnetic configurations 
trying to address first the problem of confining the plasma in a stable way and then of 
heating it. These efforts were carried out in strict secrecy with researchers in different 
nations ending up following unknowingly similar experimental approaches and thus 
finally encountering similar difficulties. Direct contacts between scientists on the two 
sides of the iron curtain made this evident and eventually led to the conclusion that 
international collaboration was necessary in order to speed up the development of 
fusion: in 1956, the Soviet physicist Igor Kurchatov gave a talk at the Atomic Energy 
Research Establishment at Harwell in the UK where he described the Soviet fusion 
program and detailed the problems they were facing.4 Since the Soviet scientists that 
the imposed classification was initially meant to keep in the dark were at roughly the 
same stage of development there was no real reason to maintain it. 

The international collaboration on fusion research obtained a major endorsement 
at the Second Conference on the Peaceful Uses of Atomic Energy in Geneva in 
19585 : 

This problem [thermonuclear fusion] seems to have been created especially for the purpose 
of developing close cooperation between the scientists and engineers of various countries”. 
(L.A. Artsimovich, from the Introduction to the Conference and, following J.D. Cockcrofti 

one of the vice-presidents of the Conference), “The discussion was greatly helped by the final 
stage of declassification of this field of research by the US and the UK. The U.S.S.R. presented 
four volumes containing one hundred papers describing the results of their fusion research up 
to the present time, and also gave some information about their recently completed large-scale 
fusion devices”. [5]

4 https://discovery.nationalarchives.gov.uk/details/r/C2038429?descriptiontype=Full&ref= 
PREM+11/1611. 
5 https://digitallibrary.un.org/record/3808553?v=pdf. 
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The IAEA Fusion Energy Conferences6 became a major channel where technical 
and scientific information on progress in fusion was shared at an international level. 
However the conference in Culham in 1965 made it evident that progress along 
different experimental lines had stalled while, still with the memory of the fiasco7 

of the ZETA experiment in the UK, results reported by the Soviet scientists that 
indicated a significant improvement in plasma heating in toroidal devices were met 
by skepticism. 

A major step forward was made at the end of the ‘60s when in view of additional 
positive results (plasma temperatures in the “tokamak” T-3, an order of magnitude 
higher than in other devices were reported at the 1968 IAEA Conference) the Soviet 
scientist Lev Artsimovitch invited a team from the UK to the Kurchatov Institute 
in Moscow in order to verify their temperature measurements independently. The 
positive scientific (and human) outcome of this scientific mission that validated their 
temperature measurements [6] represented a game changer in fusion research and led 
to the subsequent adoption almost worldwide starting from the ‘70s and continuing 
in the ‘80s of the tokamak concept for plasma confinement and heating. 

It was soon realized that part of the difficulties encountered due to the plasma 
reduced energy and density confinement in the laboratory were caused by the onset of 
plasma instabilities that gave rise to “anomalous” transport coefficients and required 
a kinetic (as opposed to fluid) description in regimes that had not been explored 
before. 

In the ‘60s a basic understanding of the nature, onset and expected effects of 
these instabilities was established through a wide international collaboration based 
on open (translated) literature and direct personal contacts. The International Center 
for Theoretical Physics (ICTP) created in 1964 in Trieste played an invaluable role. It 
had a strategical location, Soviet scientists were allowed to stay in the West remaining 
close to the (then) Yugoslav border. It was a golden period for plasma physics and 
fusion science. Sagdeev and Galeev’s Trieste “Lectures on nonlinear plasma theory” 
guided the development of the field for the next 20 years. Quoting from F. Kennel’s 
personal account [7]  “The chance to hear Rosenbluth and Sagdeev lead a debate on 
the state of plasma physics attracted to Trieste a talented group of researchers, who 
all were or became prominent”. In the following years “Rosenbluth and Sagdeev 
used their friendship to advance international arms control, and Sagdeev became 
one of Soviet Premier Gorbachev’s principal arms control advisors”, a proof of how 
important direct contacts between fusion scientists were in opening new channels 
for advancing peace.

The ‘80s saw two large tokamak experiments, aimed at reaching energy breakeven: 
(the condition when the power released by the fusion reactions equals that required 
to heat the plasma). The Tokamak Fusion Test Reactor (TFTR) at Princeton Plasma 
Physics Laboratory (PPPL) funded at a national government level, and the Joint Euro-
pean Torus (JET), funded by an Inter-governmental agreement within the framework 
of the EURATOM organization.

6 https://nucleus.iaea.org/sites/fusionportal/Pages/fec-landing.aspx. 
7 https://sciencenotes.org/today-science-history-january-24-project-zeta/. 
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Neither of these experiments reached breakeven but both obtained significant 
fusion energy production in D–T experiments and led to major advances in energy 
confinement and plasma heating, in collaboration with scientists and engineers from 
around the world. Soviet research continued on the tokamak line but started to feel the 
consequences of growing economic difficulties leading in the ‘90s to the diaspora of 
its scientific community. In these same years more nations and institutions in Europe, 
in the Americas and in Asia (Japan, India and later South Korea and China) started to 
join active fusion research, or strengthened existing activities, bringing, in particular 
within the Asian context, their different political visions. Again most enmities, such 
as the one between India and China, were at the governmental level and did not stop 
contacts and collaborations between scientists that acted as future political bridges. 
Fusion research gradually stopped being dominated by its three initial main players, 
USA, UK and USSR and started to grow as a full world-wide enterprise. 

The Strategic Defense Initiative (SDI) was announced by President Ronald 
Reagan in 1983. Because of the possible resulting loss of a balancing power SDI 
was a cause of concern for the USSR. US President Ronald Reagan and Soviet 
General Secretary Mikhail Gorbachev met in Geneva in November 1985 at the 
height of the cold war tension in order to examine the possibility of reducing the 
number of nuclear weapons. However “preparations for the summit showed that 
there were no readily available agreements on weapon reduction, while the project 
of a renewed joint effort in fusion research was strongly supported on both sides 
by Alvin Trivelpiece (Director of the Office of Energy Research in the ‘80s) and 
by Evgeny Velikhov (future head of the Kurchatov Institute). The two scientists 
supported a project to construct a demonstration fusion reactor and believed that 
taking the next step in fusion research would be beyond the budget of any of the 
key nations and that collaboration would be useful internationally”.8 The last item of 
the final Geneva joint statement “emphasized the potential importance of the work 
aimed at utilizing controlled thermonuclear fusion for peaceful purposes and, in this 
connection, advocated the widest practicable development of international cooper-
ation in obtaining this source of energy, which is essentially inexhaustible, for the 
benefit of all mankind.” At the summit in Reykjavik in 1986, the two leaders reiter-
ated their commitment and officially launched the international fusion initiative. Five 
months later US, Soviet, European and Japanese representatives named the project 
ITER. 

12.4 A Large Scale International Enterprise 

ITER construction was approved in 20069 after lengthy discussions (started in 1992 
under the auspices of IAEA and concluded in November 2007) on its design and 
on its location. Presently it is under construction: its envisaged start of Research

8 https://en.wikipedia.org/wiki/iter. 
9 https://www.iter.org. 
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Operation is in 2034 while its first D–T operation is not expected earlier than 2039. 
ITER does not aim to reach ignition, i.e. the physical condition when the fusion 
power is sufficient to keep the plasma burning without any external energy source. 
The aim is a factor 10 in fusion power above breakeven. 

The group of ITER partners has expanded: China and South Korea joined in 2003 
and India in 2005. The position of the US has changed (now it is again a partner), 
that of the UK (after Brexit) is at the moment unclear. 

Independently of any judgment on the validity, from the point of view of physics 
and technology, of the approach adopted or of the risk of concentrating most of the 
resources on a single, highly complex experiment, ITER may be seen as providing an 
illustration of different aspects of the international collaboration in fusion research. 

A definite positive aspect is the cultural and scientific bridges it contributed 
to establish between politically divided countries. China and Japan collaborate as 
partners within ITER and the collaboration has extended to other scientific fields. 
There are bilateral formal collaboration frameworks on fusion research between 
Japan and China and between Japan and Korea. Indian and Chinese scientists work 
together as partners within the ITER project even if there is no collaboration program 
between China and India. Nevertheless, Chinese and Indian scientists work together 
in international forums such as the International Tokamak Physics Activity. 

A negative aspect is the complexity of the ITER organization that has its roots 
in the way in which the project was initially formulated so as to reach agreement 
through what could be called “scientific diplomacy”. 

This has led to delays in the deliveries, incompatibilities and thus to further delays 
in the development of the project in addition to those that could be expected from its 
sheer technical complexity. 

At the same time international collaboration between politically rival coun-
tries remained active in these very recent difficult years: “Project Center ITER” 
(Rosatom’s enterprise) has carried out one of the largest shipments of equipment for 
the fusion mega-facility in August 2024.10 It is to be hoped that such a collaboration 
may continue in future years notwithstanding last years geopolitical developments. 

12.5 Present Changes 

The periodic revisions towards longer times of the ITER schedule and the realization 
that it might be safer to have a wider approach to the search for a possible future 
magnetic fusion reactor (including approaches different from a tokamak such as the 
stellarator line) pointed towards the need to proceed at a faster pace. 

New projects were started aimed in a number of cases at addressing specific 
scientific or technical issues. In most cases these projects were conceived at a national

10 https://rosatom.ru/en/press-centre/news/rosatom-ships-this-year-S-largest-batch-of-equipment-
to-the-iter-construction-site/?sphrase_id=6399625. 
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level, but international collaboration continued to play a major role e.g. through an 
active exchange of scientists. 

A recent development in fusion research has been the entry of private initiatives 
(or at least partially financed by private capital) in the form of startup companies. 
This development has led to a multiplication of initiatives both in the field of inertial 
and magnetic fusion and reflects a process, already evident in other fields of techno-
logical innovation (e.g. communication satellites), where the role of governmental 
or international structures is taken in part by private ones. 

Some of these startups follow approaches that do not appear to be well founded 
scientifically and almost all indicate times for the realization of a fusion reactor 
prototype that appear far too close. In some cases, however, the proposed programs 
are scientifically valid and innovative and these initiatives certainly have an important 
role in support and stimulation (see among many others Sparc in the USA11 and 
Tokamak Energy in the UK.12 

These private projects are not designed to address simultaneously and solve all 
the physics and technology problems that the development of fusion as an energy 
source requires. However, they can represent an opportunity to show in a shorter 
time that an energy source based on nuclear fusion has actually been achieved and, 
possibly, to indicate alternative approaches in the event that the current one based on 
large tokamaks proves not to be optimal for the construction of a fusion reactor. 

The division between private and public funding is not always sharp, see the Italian 
DTT13 consortium, or the inertial fusion startup Focused Energy14 in Germany that 
has received large government funds. At the same time in Asia and in the West govern-
ments are strengthening national programs: the UK15 and Germany16 in particular 
plan to step up their investments in fusion research considerably. 

A remarkable development is that in the last ten years China has taken a dominant 
role in fusion research in terms of investments, results and fast schedule, to the 
point of risking making existing experimental programs obsolete. However, in these 
years relations between China and the US have become strained. US researchers 
receiving federal funding have cut off official collaboration channels as requested by 
the US authorities, while a sort of collaboration exists between China and Taiwan 
that did not have a national fusion program. This collaboration is not official but it 
is in the open. Collaboration between China and European institutions has not been 
interrupted and in the Italian context we may recall the Center for Nonlinear Plasma 
Science (CNPS),17 a “Virtual Center” based on a network of hubs, established to

11 https://www.psfc.mit.edu. 
12 https://tokamakenergy.com/. 
13 https://www.dtt-project.it/index.php/organization/operative-structure.html. 
14 https://www.focused-energy.world. 
15 https://step.ukaea.uk. 
16 https://www.fusionindustryassociation.org/german-government-announces-new-fusion-fun 
ding-program/. 
17 https://www.afs.enea.it/zonca/cnps/index.html. 
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promote a joint research and collaboration framework that includes Italian, Korean 
and Chinese institutions and universities. 

12.6 Commercial Fusion? 

All these national and private activities bear witness to the belief that, although 
commercial fusion reactors (not just experiments in igniting plasmas or prototypes 
of fusion reactors) will not be able to supply power to the electric grid say for at least 
40–50 years, nuclear fusion may represent the long-term solution to the problem of 
energy transition. With this in mind separate countries, as opposed to super-national 
institutions, and possibly also large companies already aim to capitalize on this 
future source of energy and in the meantime on its returns in terms of technological 
developments and applications (such as advanced materials, high temperature super-
conductors). The positive recent experimental results mentioned at the beginning of 
this article have made the final goal “within sight” and the need for full international 
collaboration less imperative. 

This change will come at a cost. Although fusion fuel, essentially Deuterium and 
Lithium, is relatively cheap and (probably also in the case of Lithium) geographically 
widely available, the development and the construction of a nuclear fusion reactor will 
have huge investment costs that will likely be affordable only by rich countries. Even 
more importantly, it will require a technical know-how that again will be available 
only in countries with a strong scientific and technological tradition or in countries 
capable of buying it. 

There are two consequences: an obvious one is that also in the case of nuclear 
fusion, scientific education will be fundamental for the well being of a nation, a 
different one is that it seems unlikely that in the present social and political framework 
fusion energy will be a source of energy available equitably and affordably to all 
humankind. 

12.7 Conclusion 

Thermonuclear fusion on Earth is the process that empowers the destructive force of 
the Hydrogen bomb but, at the same time, it may contribute to solve the growing need 
of energy that is one of the main causes of conflict among human kind. Historically, 
fusion research has consistently promoted international collaboration and has been 
an instrument of peace. It is imperative to act in such a way that this remains true 
once net energy production by controlled thermonuclear fusion is finally realized.



12 The International Quest for Fusion, Past and Future 113

References 

1. National Academies of Sciences, Engineering and Medicine, in Plasma Science: Enabling 
Technology, Sustainability, Security and Exploration (Washington DC, 2021) 

2. International Atomic Energy Agency, Fusion Physics (IAEA, 2012) 
3. J. Tollefson et al., Nuclear-fusion lab achieves “ignition”: what does it mean? Nature 612, 597 

(2022) 
4. M. Barbarino, A brief history of nuclear fusion. Nat. Phys. 16, 890 (2020) 
5. J.D. Cockcroft, Peaceful uses of atomic energy. Nature 182, 903 (1958) 
6. N.J. Peacock et al., Measurement of the electron temperature by Thomson scattering in Tokamak 

T3. Nature 224, 488 (1969) 
7. C.F. Kennel, Rosenbluth and Sagdeev in Trieste; The birth of modern space plasma physics. J. 

Geophys. Res. Space Phys. 125(4) (2020) 

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/), which 
permits any noncommercial use, sharing, adaptation, distribution and reproduction in any medium 
or format, as long as you give appropriate credit to the original author(s) and the source, provide a 
link to the Creative Commons license and indicate if changes were made. 

The images or other third party material in this chapter are included in the chapter’s Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter’s Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder.

http://creativecommons.org/licenses/by-nc/4.0/


Chapter 13 
The New Generation of Nuclear Fission 
Reactors 

Bruno Panella 

Abstract After the presentation of the energy context, showing the main issues 
related to primary energy production and the impact on the environment by the main 
energy sources, particularly concerning the CO2 emission, the nuclear energy history 
is presented and, after some mentions to nuclear bombs, its pacific use is discussed. 
The fuel cycle and the new generation of nuclear power plants are described, with 
particular emphasis on the small modular reactors. The fuel cycle problems are also 
presented. 

13.1 Introduction 

Global primary energy consumption grew in the decade 2011–2021 from 12,441 
to 14,208 million tons of oil equivalent (Mtoe), showing a growth of around 14%. 
Fossil fuel consumption remained largely unchanged at around 82% of primary 
energy consumption, that is the present percentage, but the produced energy, espe-
cially the electric energy, is higher. In the decade 2011–2021, global electricity 
production increased from 22,269 to 28,466 TWh, an increase of 28%, twice that 
of primary energy consumption. The following sources contributed to electricity 
production: 36% coal, 24% natural gas, 4% oil, 16% hydroelectric, 10% solar and 
wind, 10% nuclear power. The growth in energy consumption was driven by natural 
gas, which contributed more than 40% of the increase. China, the United States and 
India together contributed more than two-thirds of the global increase in natural gas 
consumption, with U.S. consumption expanding at its fastest rate in 30 years. 

Almost half of the natural gas comes from the United States, due mainly to the 
so-called “shale” by means the “fracking,” i.e. the hydraulic fracturing of the earth’s 
crust with high-pressure jets that release the hydrocarbons imprisoned in the rock, 
allowing the United States to mostly achieve the energy independence. Russia, Iran 
and Australia are the other Countries that have contributed most to the growth of
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natural gas production. Concerning the electricity production per capita, USA occu-
pied the first place with 12,235 kWh, followed by France, Netherlands, Germany, 
France, China, Italy and India. The European average is 5345 kWh. Global CO2 

emissions in the last two years amounted to more than 33 billion tons. The following 
Countries contributed most to the CO2 emissions: China 10,523 billion, USA 4701 
million, India 2552 million, Russia 1581 million, Germany 629 million. The concen-
tration of CO2 in the atmosphere has exceeded 400 ppm for some years, above 
the threshold of 350 ppm, which, according to a significant part of the scientific 
community, would avoid the worst effects of global warming. 

The increasing electrification of the world economy has been accompanied by 
a growing contribution from renewable sources, which is one of the key actions in 
reducing carbon emissions. The share of renewable energy in electricity generation 
increased from 17.7% to 24.3%. Almost half of the increase in electricity is due 
to renewable energy, but in 2023 wind and solar power covered only about 3% of 
primary demand. Fundamental to limit CO2 emissions is the increase in renewable 
energies (solar, wind, hydroelectric), but for the baseload, necessary due to their 
variability, if the combustion of fossil fuels is avoided, nuclear energy seems to be 
a choice to be considered, together with new innovative technologies, such as the 
storage, capture and reuse of CO2. 

13.2 Nuclear Bombs 

The use of nuclear energy from the fission of Uranium and Plutonium started for mili-
tary purposes during the Second World War (Manhattan Project). From September 
1941 to the end of 1942 Fermi carried out experiments to obtain a controlled chain 
nuclear reaction. In 1942 the Manhattan Project started at Los Alamos (New Mexico), 
under the scientific direction of the physicist Oppenheimer. After the nuclear bombs 
on the Japanese cities of Hiroshima (developing a power of 12,500 TNT) and 
Nagasaki (developing a power of 20,000 TNT) in August 1945 (the USA Presi-
dent justified the use of the weapons with the fact that it had shortened the war and 
saved hundreds of thousands of human lives that would have been sacrificed if the 
conflict had continued), other Countries developed their nuclear arsenal, and over 
2000 tests were conducted during the Cold War. 

International Non-Proliferation Treaties (STARTs) have sought to limit the 
number of weapons. Russia and the United States hold 90% of the world’s nuclear 
warheads. The new START treaty (which expires in 2026) limits both sides to 1550 
warheads. Due to the war against Ukraine, Russia recently suspended it.
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13.3 Fuel 

Uranium is the fuel for nuclear power plants. In the Uranium mines there are two 
isotopes: U-238 (more than 99%) and U-235 (about 0.7%); U-235 is fissile for 
neutrons of whatever energy, while U-238 fissions for high energy neutrons. The 
fission of 1 kg of fissile material, in which all the nuclei are fissioned, produces 
the same energy as the combustion of approximately 1900 tons of oil. The proven 
and estimated Uranium reserves, at a price of $130/kg, amount to approximately 5.4 
million tons. Recently the Uranium oxide production was about 60,000 tons, which 
corresponds to 76% of the world fuel demand, the remaining 24% was provided 
by reprocessed spent fuel, dismantled nuclear warheads, and extracted uranium 
reserves. The Uranium enrichment process consists of increasing the mass percentage 
of Uranium 235 to have sufficient fissile nuclei in the reactor. 

This is a complex process because, since a chemical process cannot be used, 
a mechanical process is needed (e.g. ultracentrifugation). In most of the nuclear 
reactors the enrichment of Uranium 235 varies from 3 to 5%, but in the breeder 
reactors it reaches 15–20%. All reactors work essentially in the same way: Uranium 
or Plutonium splits into two fission products, emitting fast neutrons; some of these 
neutrons hit nearby atoms, causing them to fission; since these neutrons are fast, if 
there is only natural Uranium a chain reaction cannot be achieved only with natural 
Uranium. If a moderating substance such as water (natural or heavy) or graphite slows 
down the neutrons, they have more time to interact with other fissile atoms, so more 
atoms fission. If the fissile mass is sufficient, there will be a self-sustaining chain 
reaction. Nuclear energy is released by fission in the form of kinetic energy; the nuclei 
into which the atom splits (fission products) have very high speed; the fragments and 
particles are then slowed down by the particles collisions thus transforming their 
kinetic energy into thermal energy by friction. Figure 13.1 shows the nuclear fuel 
cycle. 

Fig. 13.1 Nuclear fuel 
cycle. Source infcis.iaea.org
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In “thermal” reactors, neutrons are slowed down by a substance called a “mod-
erator”; the “slow” neutrons have a greater probability of fissioning the nucleus of 
the fissile atoms, and the enrichment of Uranium can be low or even zero (natural 
Uranium). Moderators used in power reactors are graphite (natural Uranium can be 
used), heavy water (natural Uranium can be used), natural water (the Uranium must 
be enriched because H2O captures too many neutrons). In “fast” reactors, neutrons, 
in the absence of a “moderator”, have a much higher energy (speed); since the proba-
bility of fission is lower, higher enrichments in Uranium-235 are required (15–20%), 
but the probability of Uranium-238 fissioning becomes higher and there is also the 
capture of neutrons that produces fissile Plutonium: the produced fissile material is 
higher than what is consumed (hence the name self-fertilizers) (Fig. 13.1). 

13.4 Nuclear Power Plants History 

The first reactors were developed in the United States for the propulsion of submarines 
and aircraft carriers. In the United States in 1953 an experimental activity started 
on different types of nuclear reactors for generation of electricity, both pressurized 
(PWR) and boiling (BWR) water reactors, for which it was necessary to use Uranium 
enriched to at least to 3% in U-235, due to neutron capture by H2O. The first reac-
tors (prototypes) were built at the beginning of 1950s, while the first power plants, 
connected to the electricity grid, were built in the second half of the 1950s: in 1956 
in Great Britain and in 1957 in the USA. 

As regards France, in 1959 the first graphite gas reactor to produce electricity (50 
MWe) came into operation. In the Soviet Union, in 1958, the first graphite moderated 
and boiling water-cooled reactor of 100 MWe came into operation, followed from 
1959 to 1963 by another 5 units of the same power. Their name in Russian language 
is RBMK. The first commercial nuclear power plant in the USA came into operation 
in 1957, a PWR with a power of 50 MWe. In 1960 the first BWR came into operation 
in the USA, with a power of 200 MWe, followed from 1964 to 1971 by 8 BWRs 
with power from 23 to 660 MWe. In 1961 the second PWR came into operation, 
with a capacity of 175 MWe, followed from 1963 to 1968 by 3 other PWRs with 
power from 257 to 582 Mwe. The BWRs were developed by General Electric, while 
the PWRs were developed by Westinghouse and Babcock & Wilcox Companies. In 
1964, the first liquid metal cooled fast neutron reactor, the 20 MWe Liquid Metal Fast 
Breeder Reactor (LMFBR), EBR-II, came into operation, and in 1966 the 66 MWe 
LMFBR Fermi-1 came into operation. In UK from 1960 to 1970, 16 gas-graphite 
power plants came into operation, with power from 50 to 490 MWe. 

In the Soviet Union in 1964 the first Russian 265 MWe PWR came into operation, 
followed by a 366 MWe second unit in 1970. Their Russian name is VVER. As regard 
Italy, in 1964 the first (and last) graphite gas reactor (153 MWe) and the first 150 
MWe BWR came into operation. In 1965 the first (and last) 260 MWe PWR came 
into operation. In the mid-1960s, Italy was the third country in the world in terms 
of installed nuclear power. In Japan the first (and last) Japanese 159 MWe graphite
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gas reactor came into operation in 1966. In Germany in 1966 the first German 70 
MWe PWR came into operation. From 1967 to 1969, two 237 and 256 MWe BWR 
and a 340 MWe PWR came into operation. In France from 1964 to 1971 other 5 gas-
graphite reactors came into operation and in 1967 the first 340 MWe PWR reactor 
came into operation; since then, France has built more than 50 PWRs. Concerning 
Canada, in 1968 the first 216 MWe heavy water reactor came into operation; it is the 
first of a large series of heavy water reactors, called CANDU (Canadian Deuterium 
Uranium). In Spain in 1969 the first 142 MWe BWR came into operation. In Holland 
in 1969 the first (and last) 55 MWe BWR came into operation. 

Three main periods can be identified in the history of nuclear power plants: 

(1) In the first period, from 1945 to 1954, prototypes for both marine engines and 
thermoelectric power plants were designed and built. This period was dominated 
by the policy of secrecy and the Anglo-American monopoly of Uranium. 

(2) The second period, from 1954 to 1964, is characterized by the euphoria 
caused.by the suppression of secrecy, the entry into operation of the first power 
plants and the international control. 

(3) The third period from 1964 to 1974 is that of industrial development, large 
electricity production programs and international competition. 

After the third period there is a long period until today in which nuclear energy 
to produce electricity has reached industrial maturity. As operational experience 
increases (currently around 18 500 reactor years) nuclear power plants have become 
increasingly reliable, with high utilization factors (in the United States above 90%). 
After the first-generation nuclear power plants (power of 100–300 MWe), the second-
generation power plants were developed between the 1960s and 1970s, with a power 
of 600–1000 MWe. 

The second-generation nuclear power plants were built in the second half of the 
1970s. For instance, in Italy the Caorso power plant (840 MWe BWR) came into 
operation in 1979. The construction of the Montalto di Castro power plant (2100 MWe 
BWRs) began in 1982, and the project of a 1000 MWe PWR was not accomplished, 
following the two Referendums of 1987 and 2011, after Chernobyl and Fukushima 
accidents, in which Italian people spoke out against the nuclear energy. 

The 70s were the years of the greatest development in the world of nuclear power 
plants. In the 80s, however, a significant decrease in the construction of new power 
plants began: too optimistic forecasts were done, and the power plants are more 
complex plants than initially assumed. Among the reasons for the decline in the 
construction of new power plants are the three accidents at Three-Miles Island in the 
USA in 1979, at Chernobyl in 1986 in Ukraine, at Fukushima in 2011 in Japan, with 
the following consequences: less acceptability of populations and increasing costs 
to make the power plants safer. In 2022 there were around 440 nuclear power plants 
in the world (for a total electrical power of 396,000 MWe) in just thirty Countries. 
53 Countries have a total of 220 research reactors, including medical-health ones 
(for example for the production of radiopharmaceuticals used in tumor therapies 
or tracer elements, such as Technetium, used in diagnostic imaging); 171 of these 
reactors were built with highly enriched Uranium fuel (HEU with more than 20%
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Uranium-235), converted to reactors with lower enriched fuel (LEU) since 1978 (to 
reduce the risks of nuclear proliferation). Furthermore, there are around 350 nuclear 
submarines and dozens of American nuclear aircraft carriers (and some Russian 
icebreakers) in which nuclear energy is used for the naval propulsion. 

13.5 Nuclear Power Plants Descriptions 

Simplifying as much as possible, in a nuclear power plant there are: the so-called 
nuclear island, which includes the nuclear reactor and the primary coolant loop, 
the engine room, with the turbines and the electric generator (the so-called BOP: 
Balance Of Plant). In the PWRs the reactor includes a pressure vessel (up to around 
160 bar), in which there is the reactor core, with the fuel rods and the control rods. 
The fuel rods are metal tubes, about 1 cm in diameter and about 4 m long, usually 
arranged vertically, containing Uranium oxide. The coolant flows between the rods 
and removes the thermal power; the primary coolant transfers heat to the secondary 
fluid in a heat exchanger (steam generator) and then the produced steam goes to 
the turbines (Rankine cycle). In the BWRs the steam is produced within the reactor 
core and flows to the engine room towards turbines. CANDU reactors do not have 
a pressure vessel, and the fuel bundles are inserted into pressurized horizontal pipes 
that are within the so called calandria, which is not pressurized. 

Concerning the high temperature pebble bed gas cooled reactors (HTGR) at 
present there are reactors in China: the construction of a HTR-10 (a 10 MWt proto-
type pebble bed reactor) began in 1995 and it has been operating at full capacity since 
January 2003. Concerning the fast reactors, the most important fast breeder reactor, 
cooled with liquid sodium, was the 1200 Mwe Super Phénix in France (no longer in 
operation). Other Liquid Metal Fast Breeder reactors were built in various countries 
but have been shut down, except in Russia (BREST); BREST with an output power 
of 300 MWe, cooled with liquid lead, it is expected to start the operation in mid-
2026. The NewCleo Company designed a reactor «small», cooled by liquid lead, 
self-fertilizer; the prototype is planned for 2030 and the first commercial reactor for 
2032. 

Once used, nuclear fuel (which constitutes a highly radioactive waste) is placed 
in a water pool adjacent to the reactor building that shields the radiation. After about 
two years the fuel is either placed in watertight metal and concrete containers, or 
chemically treated in such a way that only the vitrified residue needs to be stored in 
apposite casks. In both cases, the casks containing the waste must be placed in geolog-
ical deposits at great depth (400–600 m), which must have suitable characteristics to 
safely preserve the radioactive wastes for thousands of years. The Onkalo geological 
repository (about 500 m deep) is a geological repository intended to permanently 
store Finnish radioactive wastes: it is the first repository in the world with these 
characteristics and it is under construction near the Olkiluoto nuclear power plant. In 
Sweden the chosen location was under Östhammar, 100 km north of Stockholm. The 
possibility of transmuting the radioactive waste to eliminate the longer-lived ones
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has been under study for some time: the radioactivity of most wastes lasts between 
200 and 300 years; only small quantities, the so-called Transuranics, have a very 
long life. Plutonium, for example, has a half-life of approximately 24,000 years, it 
can be chemically extracted from the wastes (since it is fissile) and becomes nuclear 
fuel again, while other transuranic nuclei can be transmuted into short-lived nuclei. 

13.6 Nuclear Accidents 

The accident at Three-Miles Island-2 (Pennsylvania) in 1979 (Level 5 on the INES 
scale), due mainly to operator errors, caused the partial meltdown of the PWR core 
and the definitive shutdown of the reactor, with significant economic damage and 
the stop of the nuclear plants construction, even though there was no radioactive 
contamination in the surrounding area and no deaths. The Chernobyl accident (in 
Ukraine) in 1986 (Level 7 on the INES scale), caused by a human error in a plant with 
significant weak points, caused the destruction of the RBMK reactor, 65 immediate 
deaths, with forecasts of several thousand deaths in subsequent years, and serious 
consequences on the territory: all residents within a 30 km radius of the plant, approx-
imately 116,000 people, have been relocated and the region remains uninhabitable. 
The Fukushima accident in 2011 in Japan (Level 7 on the INES scale), after the 9.0 
magnitude earthquake followed by a tsunami, caused the destruction of 4 BWRs, the 
contamination of a vast territory and 110,000 people evacuated, the definitive closure 
of six reactors, enormous economic costs (even if there were no deaths during the 
accident). 

13.7 New Lines of Development 

In the last decade, some so-called third generation reactor plants have been built 
(such as American Westinghouse AP1000, French European Pressurized Reactor 
EPR, Russian VVER1200, Chinese Hualong 1, Korean APR1400), with enhanced 
safety systems based on passive systems, which do not require energy (neither internal 
nor external) to start and be effective. 

Concerning Generation IV, nuclear reactors are being developed through the inter-
national cooperation of 14 countries, with construction planned after 2030. The 
Generation IV International Forum (GIF) was promoted by the U.S. Department of 
Energy in 2000 and formally established in mid-2001. It is an international group 
including the governments of 13 countries where nuclear energy is significant now 
and considered vital for the future. Most are committed to jointly developing the next 
generation of nuclear technology. 

The original founding members of GIF are Argentina, Brazil, Canada, South 
Korea, France, Japan, South Africa, the United Kingdom and the United States. 
They were joined by Switzerland, China, Russia, Australia and the European Union.
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The aim is that these innovative systems must be cleaner, safer and more efficient 
than previous generations, with minimization and non-proliferation of radioactive 
wastes (e.g. the use of Uranium–Plutonium Mixed Oxide fuel containing minor 
Actinides in the long term makes it completely ineffective to produce Plutonium for 
military uses). In fast breeder reactors, high-activity, long-lived wastes are burned 
(transmuted) much better than in thermal reactors, with reduction of the source of 
potential radiotoxicity in a geological repository and increase in the capacity of the 
geological repository. Six Generation IV nuclear systems were selected and studied: 
Sodium Fast Reactor, Lead Fast Reactor, Gas (Helium) Fast Reactor, Molten Salt 
Reactor (all with closed fuel cycle and breeders), Very High Temperature Reactor 
(Helium-cooled), Super critical Water Reactor. The Global Nuclear Energy Part-
nership (GNEP) was signed in 2007 by 20 countries (USA, China, France, Japan, 
Russia, Australia, Bulgaria, Ghana, Hungary, Jordan, Kazakhstan, Lithuania, Poland, 
Romania, Slovenia, Ukraine, Italy, Canada, South Korea, Senegal). It intends to 
develop consensus throughout the world on the use of nuclear fuel that allows all 
countries to obtain it, avoids non-proliferation and distorted use, and minimizes 
wastes. 

Innovative fuel reprocessing processes are being studied: if the fuel is reprocessed 
after the use (closed cycle), the radioactive waste is « vitrified». This operation 
significantly reduces storage space to approximately 1/6 compared to direct storage. 
More recently, and to address the problem of high capital costs, innovative small 
modular reactors (SMRs) have been studied, starting in the United States, and could 
be built within the next decade. These innovative reactors, ranging in size from a 
few MWe to a few hundred MWe, can be used for power generation, processing 
heat, desalination or other industrial uses. SMRs can use light water as a coolant 
or other coolants such as gas, liquid metal or molten salt. Advanced SMRs are 
characterized by relatively small size and low capital investment. They can be built 
in locations that are not possible for large nuclear power plants and are suitable for 
incremental power additions (hence Modular). SMRs also offer significant benefits in 
terms of safety, security and non-proliferation issues. The American NuScale reactor 
(77 MWe, according to the last design) is an example of an SMR: if necessary, the 
NuScale SMR shuts down and cools itself for an indefinite period, without requiring 
any action from the operator, without water additional and without AC or DC power. 
The NuScale power module’s expected cost per KWh is competitive with other 
baseload electricity generation sources. Figure 13.2 presents the NuScale reactor, 
showing the passive decay heat removal system and the passive containment heat 
removal system. In Fig. 13.3 the reactor building, with several modules, is shown 
(Figs. 13.2 and 13.3).

The Traveling Wave Reactor (TWR) is a visionary projects by TerraPower 
(founded by Bill Gates), which uses a fuel cycle without recycling: TWR starts 
the reaction with enriched Uranium, then switches to depleted Uranium coming 
from enrichment plants. A TWR reactor could run on depleted Uranium for about 
100 years. It does not require fuel reprocessing, and has many attractive features 
(passive safety, waste reduction, reduction and eventual elimination of enrichment, 
and high thermal efficiency). The Canadian Nuclear Safety Commission (CNSC)
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Fig. 13.2 Nuscale reactor. Source https://www.nuscalepower.com 

Fig. 13.3 Nuscale reactor 
building with several 
modules. Source https:// 
www.nuscalepower.com

and the United States Nuclear Regulatory Commission (NRC) have selected Terres-
trial Energy’s Integral Molten Salt Reactor (IMSR), shown in Fig. 13.4, for the first 
joint technical review of advanced nuclear reactor technology, cooled with molten 
salts. The IMSR integrates the primary reactor components, including the primary 
heat exchangers with the secondary non-radioactive molten salt loop, into a sealed 
replaceable central vessel that has an expected life of seven years. It operates at 600– 
700 °C and can support many industrial process heating applications. The reactor uses 
a graphite moderator; the molten salt fuel is an eutectic fluoride with low Uranium 
fuel at atmospheric pressure. Emergency cooling and heat removal are based on 
passive systems (Fig. 13.4).

https://www.nuscalepower.com
https://www.nuscalepower.com
https://www.nuscalepower.com
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Fig. 13.4 IMSR. Source https://www.terrestrialenergy.com 

The American company Oklo announced in December 2019 an innovative nuclear 
reactor that operates on a single fuel load for decades: Aurora Advanced Fission. 
Calling it a “clean energy facility,” the company says the power plant would be 
integrated with solar panels to provide communities with reliable electricity 24 × 7, 
365 days/year. The reactor is designed to produce approximately 1.5 MWe, having 
the capacity to produce process heat for residential or commercial applications. 

The Innovative Heavy Water Reactor (AHWR) is a 300 MWe boiling light water 
cooled, heavy water moderated, vertical pressure tube reactor, designed to produce 
most of its power with Thorium, having a desalination capacity of 500 m3/day. 
Nuclear fuel consists of Mixed Oxides of Th-U233 and Th-Pu. The plant flow sheet 
is shown in Fig. 13.5.

SMART (System Integrated Modular Advanced Reactor) is a 330 MW PWR being 
studied at KAERI (Korea Atomic Energy Research Institute). The reactor will be used 
as an energy source for seawater desalination and small-scale power generation. It is 
provided with intrinsic and passive safety features. SMART (Fig. 13.6) is designed to 
provide 40,000 tons of fresh water per day and 90 MWe in an area with a population 
of 100,000 inhabitants (Fig. 13.6).

ACP100 was developed by China National Nuclear Corporation (CNNC): it is 
an integral PWR with a power of 100 MWe. The reactor can be used for electricity 
generation, process heat and seawater desalination. 

From an idea by Carlo Rubbia (Nobel Prize winner in 1984), the ADS reactor 
is an energy-amplifying nuclear reactor supported by an external source of protons 
(Accelerator-Driven System or ADS, shown in Fig. 13.7), necessary to power the 
nuclear reaction in the core of the reactor. This is a subcritical reactor, not able to 
independently carry out a chain reaction. To trigger the chain reaction, it needs to 
be irradiated by a powerful beam of particles (protons) coming from an accelerator. 
The reactor releases sufficient thermal energy to be transformed into electrical energy

https://www.terrestrialenergy.com
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Fig. 13.5 AHWR simplified flow sheet. Source https://www.barc.gov.in/randd/ahwr.html

Fig. 13.6 Smart scheme. Source https://www.kepco-enc.com

which will be used to power the accelerator and provide a surplus of electrical energy 
for the electricity grid (Fig. 13.7).

MYRRHA is a multipurpose hybrid research reactor for high-tech applications: 
it is a “first of its kind” design of a nuclear reactor coupled to a proton acceler-
ator (an accelerator-driven system—ADS). MYRRHA is a lead–bismuth-cooled fast 
reactor with two possible configurations: subcritical or critical. The reactor is built 
at the SCK • CEN, the Belgian Center for Nuclear Research, and has already been

https://www.barc.gov.in/randd/ahwr.html
https://www.kepco-enc.com
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Fig. 13.7 ADS. Source https://world-nuclear.org

funded by the Belgian Government. MYRRHA (shown in Fig. 13.8) is expected to 
be fully operational in 2036, with a first phase (100 MeV accelerator) ready in 2026 
(Fig. 13.8). 

A Report by IAEA Advanced Reactors Information System (ARIS), “Advances in 
Small Modular Reactor Technology Developments: A Supplement to 2020 Edition”, 
illustrates the characteristics and level of development of 72 modular reactors of up 
to 300 MWe power. The USA Energy Secretary recently announced Small Modular 
Reactor funding, six contracts for high-assay low -enriched Uranium (HALEU) 
deconversion and four contracts for HALEU enrichment services. Under these 
contracts, “selected companies will bid on future work to produce and store HALEU

Fig. 13.8 MYRRHA nuclear plant. Source https://www.sckcen.be 

https://world-nuclear.org
https://www.sckcen.be
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Fig. 13.9 Capital costs in several countries. Source https://world-nuclear.org/information-library/ 
economic-aspects/economics-of-nuclear-power 

in the form of Uranium hexafluoride gas to eventually be made into fuel for advanced 
reactors”. 

Concerning the nuclear energy cost a significant problem in OECD countries is 
the high capital costs (particularly after the Fukushima accident). There is also a big 
difference in capital costs between the US, France, Finland and the UK on one side 
and Russia, Korea and China on the other side (for instance $12,000/kW in the USA 
versus $5000/kW in China), as it is shown in Fig. 13.9. 

The contributions to the cost of nuclear energy are shown in Fig. 13.10.
The nuclear energy costs depend also on the construction duration. According to 

data collected by the IAEA on the 61 new nuclear reactors connected to the grid 
over the past decade, units in the Far East were built almost twice as fast as those in 
Europe (66 months versus 110 months).

https://world-nuclear.org/information-library/economic-aspects/economics-of-nuclear-power
https://world-nuclear.org/information-library/economic-aspects/economics-of-nuclear-power
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Fig. 13.10 Nuclear KWh 
cost contribution

13.8 Conclusion 

There is an increasing interest in nuclear energy worldwide, particularly for the Small 
Modular Reactors (for instance those designed by Nuscale and NewCleo), but the 
prototypes have to be still tested. In the medium term (2040–2050) a strong increase 
of nuclear power plants energy in France, China, Russia and India (with the export of 
nuclear reactors in various Countries) is very likely. In Italy, despite the referendum 
against the nuclear energy, there is again the hope to build some small modular 
reactors; there are also some industries and research centers, like Ansaldo nucleare 
in Genova and ENEA, as well some nuclear engineering departments in different 
Universities, from which several hundred graduates emerge.
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Chapter 14 
The Non-proliferation Treaty at Its 
Midlife Crisis 

Alessandro Pascolini 

Abstract Half a century ago, the Treaty on the Proliferation of Nuclear Weapons 
(NPT) came into force, one of the fundamental international instruments for global 
order and security. It established the rules for the safe development of peaceful nuclear 
technologies and became the bedrock for the intricate structures of nuclear arms 
control that made possible the sharp reduction of the American and Russian nuclear 
arsenals during the 1990s. Over the years the NPT has scored significant successes, 
but also experienced delicate vicissitudes, which are growing in the last few years; 
the dramatic present global situation and recent developments show signals threat-
ening its very continuity. Because the treaty is part of a larger context of different 
disarmament and non-proliferation initiatives, its success or failure is closely inter-
twined to the developments of all these initiatives, and the global security of the 
whole world. The Non-Proliferation Treaty is going through its 54th year, a delicate 
age for human beings, exposed to the risk of a midlife crisis, a period of transition 
in life where someone struggles with his identity and self-confidence. At this critical 
point, it is worth remind the original spirit and aims of the treaty. 

14.1 Towards the Treaty 

At the beginning the tenet was: non-proliferation is a good in itself. From the end 
of the 1950s several resolutions of the United Nations General Assembly (UNGA) 
expressed need for a nuclear non-proliferation regime to avert the risks to peace and 
security from the increase in the number of states possessing atomic weapons, also 
making the process of reducing existing weapons more difficult. This is the spirit of 
Resolution 1665, presented in 1961 by Ireland and unanimously approved. 

A marked change in the terms of the proliferation debate occurred in 1965 with 
the intervention of not aligned countries: non-proliferation is a potential obstacle 
to the national security of smaller countries [1], each state had the right to its own

A. Pascolini (B) 
University of Padova and SICA—International Security and Arms Control Committee, Rome, 
Italy 
e-mail: alessandro.pascolini@pd.infn.it 

© The Author(s) 2026 
P. Cotta-Ramusino et al. (eds.), Nuclear Weapon Risks in a Problematic Time, Springer 
Proceedings in Physics 358, https://doi.org/10.1007/978-3-032-29873-7_14 

131

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-032-29873-7_14&domain=pdf
mailto:alessandro.pascolini@pd.infn.it
https://doi.org/10.1007/978-3-032-29873-7_14


132 A. Pascolini

nuclear armament, which could only be renounced in return for compensation from 
the nuclear powers. 

This led to the UNGA Resolution 2028 (November 1965), which indicated to the 
18-Nation Committee for Disarmament (ENDC) as a principle for a future treaty: to 
generate a satisfactory balance of responsibilities and reciprocal obligations between 
nuclear-weapon states and non-nuclear-weapon states; to be an instrument towards 
the achievement of general and complete disarmament and more specifically nuclear 
disarmament. 

In the following years both the US and the Soviet Union presented the UNGA 
and the ENDC with various draft treaties to limit the spread of nuclear weapons. 
The point of greatest divergence between the two states concerned the admissibility 
of joint management of the nuclear arsenal within a regional organization, a posi-
tion supported by the USA, which wanted to create a multilateral nuclear force in 
NATO, and strongly opposed by the USSR, which could not accept a nuclear-armed 
Germany. 

A further condition emerged in the negotiations, concerning access to civilian 
applications by non-nuclear countries, which wanted to avoid remaining in a position 
of perpetual inferiority in critical nuclear technologies. 

The impasse in the negotiations between the USA and the USSR was overcome by 
the American renouncement of the creation of a multilateral nuclear force in NATO 
and the Soviet acceptance of American bases in Europe: as a matter of fact the 
treaty does not explicitly prohibit nuclear powers from stationing nuclear weapons 
in non-nuclear countries. 

On 18 January 1968, the USA and the Soviet Union presented a joint draft treaty to 
the ENDC; after further discussion and revisions [13], UNGA Resolution 2373, with 
the text of the treaty as an annex, passed on 12 June with 95 votes in favor, 4 against 
and 21 abstentions. On 19 June 1968, the Security Council (UNSC), in order to 
meet the concerns expressed by the non-aligned countries, passed Resolution 255 on 
Positive Security Assurances (PSA) for the non-nuclear NPT countries: in the event 
that they were the subject of an attack or threat of a nuclear attack, the permanent 
members of the UNSC would have to take the necessary measures to counter it. 

The treaty opened for signature on 1 July 1968 and came into force on 5 March 
1970 with the ratifications of the depository countries (UK, USSR and USA) and of 
40 other countries [3]. 

14.2 Treaty’s Objectives and Dictates 

The treaty sets the terms of the triple ‘contract’ between non-proliferation, promotion 
of peaceful nuclear applications and nuclear disarmament [16, 17].The preamble 
highlights the crucial political terms and objectives of the treaty:

• make every effort to prevent the danger of nuclear war,
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• prevent the proliferation of nuclear weapons, which would increase the danger of 
nuclear war,

• ensure the right of every country to the benefits of peaceful applications of 
nuclear technology, and to the fullest exchange of scientific information for the 
development of peaceful purposes,

• strengthen the crucial role of the safeguards on civilian activities by the 
International Atomic Energy Agency (IAEA),

• commit to negotiate the prohibition of all nuclear explosive tests,
• achieve a halt to the nuclear arms race as soon as possible and take effective steps 

for nuclear disarmament, up to the elimination of all nuclear weapons and their 
means of delivery following a comprehensive disarmament treaty,

• refrain states from the threat or use of force against the territorial integrity or 
political independence of any state,

• promote the establishment and maintenance of international peace and security. 

The NPT is unique among international legal instruments in that it admits an 
inequality of rights and obligations between the parties: on the one hand the states 
that detonated an explosive device before 1 January 1967 (Nuclear-weapon states— 
NWS, i.e. China, France, UK, USSR and USA), and on the other hand the remaining 
countries (Non-nuclear-weapon states –NNWS). In principle, this discrimination is 
only temporary, i.e. until the nuclear disarmament is achieved, but in fact it is being 
perpetuated over time. 

The NNWS accepted this asymmetry by realistically recognising that the NWS 
were not prepared to give up their weapons any time soon and that in any case the 
overall compromise of the treaty was beneficial because of the NWS’s commitment 
to minimize the negative political economic and security consequences of NNWS’ 
renounce. Additionally, the NPT improves national security of individual NNWS as 
it ensures that neighboring nations cannot develop nuclear weapons and use them 
for coercive actions. 

The first two articles concretise non-proliferation: the NWS undertake not to 
transfer nuclear weapons to others (Article I), while the NNWS renounce all military 
nuclear developments (Article II). 

Articles III, IV and V deal with the peaceful development of nuclear energy and its 
control, introducing IAEA’s safeguards on NNWS’ facilities and fissile materials to 
prevent diversion from peaceful uses; all transfers of nuclear materials and technology 
to NNWS are subjected to IAEA control. The controls must be compatible with the 
“the inalienable right of all Parties to develop research, production and use of nuclear 
energy for peaceful purposes without discrimination” (Article IV). 

The lapidary (and largely ambiguous) Article VI expresses the prospects for 
disarmament: 

Each of the Parties to the Treaty undertakes to conduct negotiations as soon as possible 
in good faith on effective measures relating to the cessation of the nuclear arms race and 
nuclear disarmament, and on a comprehensive and complete disarmament treaty under strict 
and effective international control.
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Article VII recognises the right of any group of states to establish nuclear-free 
zones (NWFZs). The last four articles contain procedural clauses. Article X states 
that each party shall have the right to withdraw from the treaty in case of extraordi-
nary events endangering the supreme interests of the country; for the treaty itself, a 
conference is convened 25 years after entry into force to decide, by majority vote, 
on its extension indefinitely or for defined periods of time. 

It should be noted that the NPT is not self-fulfilling and ‘external’ interventions are 
required for the implementation of each point, the IAEA for Art III, inter-state agree-
ments for Art IV, specific treaties for the NWFZs, the Conference on Disarmament 
or UNGA for Art VI. 

The NPT has contributed significantly to the creation and sustainment of the global 
non-proliferation regime: adherence to the treaty has led to the final closure of the 
military nuclear option in the adhering countries, facilitated the creation of nuclear 
weapon-free zones, which now span the entire southern hemisphere [16, 17], slowed 
down the nuclear projects of non-adhering countries with its restrictions, and created 
the conditions for the unilateral or agreed downsizing of the military arsenals of the 
NWS. 

Over the years, countries became convinced of the treaty’s importance and the 
numerous accessions in the five-year period 1990–1995 made the NPT nearly 
universal [18], India, Israel, Pakistan and South Sudan never joined the treaty, and 
North Korea (DPRK), which acceded in 1985, withdrew from it in 2003. Taiwan 
signed the NPT in 1968 as the ‘Republic of China’ and remained a party to it until 
its expulsion from the UN in 1971; it has since continued to abide by its terms under 
a trilateral agreement with the IAEA and the US. 

14.3 Safeguards and Breaches 

To meet the conditions set by the NPT, the IAEA updated its control system in opera-
tion since 1961 in the Comprehensive Safeguards Agreement (CSA), which commits 
the state to accept safeguards in all peaceful nuclear activities and on all fissile mate-
rials. The IAEA monitors only declared nuclear facilities, examines the information 
provided by states, and conducts scheduled inspection visits, with the objective of 
detecting the diversion of a quantity of fissile material capable of producing an 
explosion (IAEA 1998). 

Due to the inherent difficulty of separating civilian and military nuclear activi-
ties, pre-CSA control measures proved insufficient to prevent violations of the treaty 
and the establishment of a true nuclear black market by Pakistani scientist Abdul 
Qadeer Khan [7]. The main breaches regard Iraq, Libya, South Korea, Iran [11] and 
the DPRK, both when part of the treaty and on her withdraw. The NWS’s resis-
tance to substantive compliance with Article VI is largely considered to be a serious 
permanent violation of the treaty. 

The need for a stronger system of safeguards was reinforced by the revelation of 
Iraq’s and South Africa’s nuclear programmes, which had escaped controls, and by
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the difficulties encountered in applying the CSA to North Korea. In 1997 the IAEA 
Board of Governors approved the Additional Protocol, which strengthens the control 
and safeguards measures [5]. 

The enhanced safeguards of the Additional Protocol aim at a holistic approach to a 
country’s nuclear programme, with more powerful means of investigation and greater 
scope for action, including the use of advanced analysis technologies. In particular, 
it allows country-specific safeguard programmes to be defined. Today, Additional 
Protocols are in force with 151 States and Euratom. Another 13 States have signed 
the Additional Protocol but have yet to bring it into force. 

14.4 NPT Review Conferences 

Given the NPT’s crucial role for global nuclear security, a conference is sched-
uled every five years to “review the operation of the Treaty to ascertain whether 
the purposes of its preamble and its provisions are being fulfilled” and to make 
suggestions for strengthening the control of military and civilian nuclear energy. 

The conferences measure the life-evolution of the treaty and reflect the global 
international climate. Most of them have been characterized by the clash between 
NWS and NNWS, the former insisting on stricter conditions and greater guarantees of 
non-proliferation, the latter recalling NWS’ obligations regarding nuclear disarma-
ment and the commitment to non-nuclear countries’ security guarantees, both positive 
(PSA) and negative (NSA); another frequent NNWS complaint is the discriminatory 
limits on exports of civilian nuclear materials and technologies imposed outside the 
NPT by the Zangger Committee and the Nuclear Suppliers Group of producer states. 

States participate in the conferences individually and as members of groups 
with a single spokesperson, based on continental groupings, or formed on the 
basis of specific disarmament initiatives. Recently, accredited non-governmental 
organisations also take part in conferences, where they can present their own papers. 

Since in these conferences every decision, including the agenda of the proceed-
ings, requires unanimity of consensus, the adoption of a final document is not always 
possible [2], especially on the occasion of serious political tensions,moreover, as is 
often the case in large international assemblies, when a general consensus has to 
be achieved, some of the more incisive proposals are scaled down and hot topics 
are avoided. So far, only in 1975, 1985, 1995, 2000 and 2010 has unanimity been 
reached on a final document, albeit often with difficulty and setting aside key issues. 

Of critical importance was the 1995 Review and Extension Conference (Art. X(2)), 
the first in which all five NWS participated. Some states proposed extending the treaty 
for defined periods subject to review, fearing that an NPT without time limits would 
‘mummify’ the asymmetry between NWS and NNWS. The vast majority was for 
the indefinite extension, and so it was decided, once certain conditions set by NNWS 
and in particular the Arab countries were accepted, including the establishment in 
the Middle East of a zone “free of nuclear weapons and all other weapons of mass 
destruction” (MEWMDFZ).
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The 2000 Review Conference set out specific disarmament commitments in 13 
“steps”, including the ratification of the Comprehensive Nuclear-Test-Ban Treaty 
(CTBT) and a moratorium on nuclear tests, the conclusion of a fissile material cut-
off treaty (FMCT) and regular reports on Article VI compliance measures [15]. None 
of the 13 points were adequately realised in the following five years, and the negative 
developments in international politics during this period turned the 2005 conference 
into a continuous confrontation: two weeks were needed just to set the agenda for 
the work, which then did not lead to any significant results [9]. 

Barak Obama’s new international policy recreated trust for the non-proliferation 
regime [14] and the eighth conference concluded in May 2010 with a final document, 
unanimously approved. On nuclear disarmament, a plan of 22 operational actions was 
identified, with effective initiatives for nuclear security and counter-terrorism, and 
42 actions (not particularly strong) were approved to strengthen non-proliferation.1 

A crucial topic of the conference was the Middle-east Nuclear free zone: a condi-
tion for the adoption of the final document was the commitment to hold a conference 
on the topic in 2012 with the participation of all countries in the area. The appointed 
facilitator was unable to overcome the divergent positions of Israel and the Arab coun-
tries, and the failure to convene the conference2 was the formal cause for the failure 
of the 2015 review conference, which witnessed multiple irreconcilable disagree-
ments and irreducible positions on the majority of the points under consideration 
[10]. The NWS hardened their positions and argued that nuclear disarmament must 
be ‘based on the principle of global strategic security and stability’ and downplayed 
the disarmament obligations expressed in 2010 as mere ‘recommendations’ rather 
than binding commitments. Even on the non-proliferation side, there were no points 
of contact and thus no strengthening of the regime. 

A further radical confrontation between states that consider nuclear weapons as 
legitimate security instruments and those who want their abolition arose with the 
Humanitarian Impact Initiative [8], elaborated and consolidated in the international 
conferences of Oslo (2013), Nayarit and Vienna (214), which then evolved into a 
real negotiation outside the NPT, leading to the Treaty on the Prohibition of Nuclear 
Weapons (TPNW) approved by 122 countries on 7 July 2017. 

The 10th review conference, originally scheduled for 2020 and repeatedly post-
poned due to the COVID-19 pandemic, convened on 2022 at an extraordinarily 
difficult international environment. Russia’s invasion of Ukraine and the safety 
of the Zaporizhzhia nuclear power plant exacerbated concerns about the risk of a 
nuclear accident. The war was of direct relevance to treaty implementation and the 
review conference deliberations, from the violation of security assurances provided to

1 2010 Review Conference of the Parties to the Treaty on the Non-Proliferation of Nuclear Weapons. 
Review of the operation of the Treaty, Conclusions and recommendations for follow-on actions, 
Final Document Volume I, Part I, NPT/CONF.2010/50 (Vol. I). New York: United Nations. 
2 Russia UK and US (2015) Middle East Nuclear and Weapons of Mass Destruction Free Zone: 
progress towards the convening of a Conference attended by all States of the Middle East, NPT/ 
CONF.2015/WP.48, 1 May 2015. New York: United Nations. 
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Ukraine when it acceded to the NPT (Budapest Memorandum) to the safety and secu-
rity of nuclear facilities and the ability of the International Atomic Energy Agency 
to continue implementing safeguards in occupied Ukrainian facilities. 

Widely expected to be a disaster, the conference came surprisingly close to 
adopting a final document [12]. Although most delegations were disappointed with 
the draft outcome document, which was short on forward-looking disarmament steps, 
all the states-parties, except Russia, were prepared to join the consensus in an apparent 
effort to shore up the NPT regime, which has not had an agreed outcome in more 
than a decade. In the end, however, the NPT review conference failed over the impos-
sibility of reconciling the positions on the war against Ukraine, and Russia opposed 
the adoption of the report. 

14.5 Towards the 11th Review Conference Scheduled 
on 2026 

Given the high political and diplomatic value of review conferences and the 
complexity of the work to be done, it was decided in 2000 to engage the inter-
national community in the three years preceding a RevCon in preparatory work with 
a three-session preparatory committee. 

The first prepcom for the 11th Conference was held in August 2023 and, according 
to observers, resulted in two weeks of deplorable diplomacy, lack of leadership and 
the dominance of narrow national interests that paralyzed the work on all the issues 
being discussed. It ended with unprecedented procedural struggles reflecting very 
serious political disagreements.3 

The second Prepcom took place from 22 July to 2 August this year. The committee 
found itself at a time of serious global tension, with significant developments in 
nuclear issues, including: the modernization of the nuclear arsenals of all NWS and 
the rise of Chinese weapons, the suspension of the bilateral New Start treaty, Russian 
nuclear threats, the placement of Russian nuclear weapons in Belarus, the Australian 
acquisition of nuclear-powered submarines (AUKUS agreement), North Korea’s new 
tactical nuclear weapons, Iran’s production of highly enriched uranium, Russia’s 
military occupation of the Ukrainian Zaporizhzhia power plant and resulting security 
concerns, NATO’s heavy focus on its nuclear capabilities, the resumption of nuclear 
test technology, and programs for intermediate-range missiles in the Indo-Pacific and 
Eurasia arenas. 

New complexities and uncertainties were also considered in the rapidly evolving 
intersections of nuclear weapons, new technologies and new domains of conflict, 
outer space and cyber space, applications of artificial intelligence, missile defences 
and hypersonic launchers. From the doctrinal point of view, there have been lively

3 Preparatory Committee for the 2026 Review Conference of the Parties to the Treaty on the Non-
Proliferation of Nuclear Weapons. First session. (2023). Report of the Preparatory Committee on 
its first session. NPT/CONF.2026/PC.I/6. New York: United Nations 
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discussions about the principle of nuclear deterrence itself, its compatibility with 
disarmament, and the serious risks involved. 

Discussing proliferation issues, the focus was on the forms of safeguards provided 
by IAEA and the desirability of universal adherence to comprehensive safeguards 
agreement. 

In the discussion of peaceful applications of nuclear energy, a novelty was the 
presentation by several countries of the risks and dangers posed by electronuclear 
facilities facilities (including small modular reactors-SMRs and ‘advanced’ facili-
ties) to people and the planet with the suggestion that they be phased out in favour of 
environmentally friendly sources. These perspectives were reinforced in the discus-
sion of the threat of catastrophe at the Zaporizhzhya nuclear power plant and Japan’s 
plan to discharge tritiated waste water from the Fukushima Daiichi nuclear power 
plant into the ocean.4 

One session was devoted to strengthening the NPT and making the work of the 
RevComs more effective, but any operational proposals, particularly for transparency 
measures for NWS nuclear forces, were vetoed by Russia and China. 

After discussion of the draft summary, the chairman noted that the document did 
not enjoy consensus.5 Even on the hitherto uncontroversial “importance of promoting 
the participation of women in the process of nuclear non proliferation” (item 52) there 
were Iran’s reservations. The outlook for the 11th Review Conference is far from 
rosy. 

14.6 Looking at the Health Status of the NPT 

According to Encyclopaedia Britannica [4], middle age is a period of adjustment 
between the potentialities of the past and the limitations of the future. Individuals 
accept the limits of their accomplishments and either take satisfaction in them or 
despair and become anxious over unachieved goals or unrealized aspirations. 

We can then look at the main aims of the NPT as indicated in its preamble to 
check for the symptoms of a possible midlife syndrome. 

About proliferation: five additional countries have produced nuclear weapons 
since 1970 and we have two threshold states, Iran and Japan, which can produce a 
nuclear armament in a period of months should the decision be taken. They both 
have:

• the necessary fissile material (low-enriched uranium or separated plutonium),

4 Preparatory Committee for the 2026 Review Conference of the Parties to the Treaty on the Non-
Proliferation of Nuclear Weapons. Second session. (2024). Revised Draft Factual Summary. NPT/ 
CONF.2026/PC.II/CRP.2/Rev.1. New York: United Nations. 
5 Preparatory Committee for the 2026 Review Conference of the Parties to the Treaty on the Non-
Proliferation of Nuclear Weapons. Second session. (2024). Towards 2026 Reflections of the Chair of 
the 2024 session of the Preparatory Committee. NPT/CONF.2026/PC.II/WP.43. New York: United 
Nations. 
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• the means and expertise to enhance it to explosive quality,
• all the precursors necessary (manufacturing, expertise) to fashion a nuclear device,
• delivery vehicles, as ballistic missiles of several ranges.
• On the political side, we witness grave signals:
• In January 2023, South Korean President YoonSuk-yeol floated the idea that Seoul 

might need its own nuclear force to counter North Korea’s growing strategic 
arsenal.

• In September 2023, Saudi Crown Prince Mohammed bin Salman repeated a well-
known proliferation threat, telling Fox News that if Iran acquired the bomb, Saudi 
Arabia would also “have to get one”.

• German politicians and scholars increasingly speak of a crucial Zeitenwende 
(turning point) with respect to non-proliferation.

• In Japan itself important politicians are not excluding nuclear developments. 

The crucial issue remains the disregard for progress in nuclear disarmament, which 
has seen only backward steps, with the NWS determined to support the current phase 
of substantial nuclear arms build-up (including new kinds of weapons and extensions 
to the outer space and cyber domains) as necessary “given the international security 
environment.” 

Recalling that Article VI also calls for a “comprehensive and complete disar-
mament treaty”, it should be noted that the world is moving in the opposite direc-
tion, with. a global rearmament of conventional forces and record highs in military 
spending, creating strong incentives for further nuclear proliferation. The entire arms 
control architecture is under stress, including the biological and chemical weapons 
conventions, and there are no prospects for a resumption of negotiations on nuclear 
weapons. A novel feature is also making nuclear arms control more difficult. Histori-
cally, the area of inter-state relations pertaining to nuclear weapons remained outside 
the contemporary political unrest. Russia and the United States kept nuclear weapons 
‘apart’ from current policy, and their armed conflicts did not prevent arms control 
negotiations. Now the war in Ukraine has marked the end of this de-coupling, crucial 
for actual arms control. 

And, finally, NPT is realizing that it can hardly compete with the younger, smarter 
and less demanding Treaty on the Prohibition of Nuclear Weapons, which is attracting 
a growing number of countries parts of NPT. 

I leave the prognosis to the readers. 
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Chapter 15 
The Obstacles to Restarting the Nuclear 
Arms Control and Disarmament 
Dialogue 

Qizheng Zhang 

Abstract This paper aims to address the important issue of how to restart nuclear 
arms control and disarmament dialogue. It analyzes the main obstacles to restarting 
current bilateral and multilateral nuclear arms control and disarmament dialogues, 
and concludes that the deterioration of bilateral political relations and different 
concerns about future arms control arrangements are the two main obstacles 
to restarting the U.S.-Russian bilateral nuclear dialogue. The main obstacles to 
restarting the multilateral nuclear dialogue are dissatisfaction among the non-nuclear 
weapon states with the pace at which the nuclear-weapon states effectively fulfill their 
nuclear disarmament obligations, and the urgent need of the non-nuclear weapon 
states for security assurances. In order to promote the restarting of the U.S.-Russian 
bilateral nuclear dialogue, the paper argues that efforts could be made to improve 
bilateral relations, respect each other’s core interests, and jointly maintain strategic 
stability. To promote the restarting of multilateral nuclear dialogue, the nuclear-
weapon states could utilize the P5 process to contribute to the international arms 
control process and respond collectively to the demands of the non-nuclear weapon 
states. 

15.1 Introduction 

For the past three decades, the Amaldi Conference has played a key role in reducing 
global nuclear risks and encouraging international cooperation on arms control [1]. 
However, we are living in a “problematic time”, characterized by deteriorating 
relations among the major powers, intensifying geopolitical conflicts, a significant 
increase in nuclear risks, and an uncertain future for the international arms control 
process. Therefore, it is important to discuss the issue of restarting nuclear dialogue.
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15.2 The Stagnation of Nuclear Dialogue and Its Causes 

At the level of bilateral nuclear disarmament and arms control, the United States and 
Russia possess the vast majority of the world’s nuclear weapons and therefore have 
a special responsibility to prioritize disarmament. Consequently, U.S.-Russian bilat-
eral nuclear disarmament and arms control forms the foundation of the global multi-
lateral nuclear disarmament and arms control process. Historically, U.S.–Russian 
bilateral arms control has mitigated the destabilizing impact of the arms race on 
strategic stability and facilitated dialogue between the two parties. However, changes 
in the international security environment have led to setbacks in U.S.-Russian bilat-
eral nuclear arms control. Following the expiration of the ABM and INF treaties, 
Russia announced a suspension of its participation in the New START Treaty in 2023, 
a move that was reciprocated by the United States with a suspension of on-site verifi-
cation. Although research indicates that both parties are currently in compliance with 
the treaty’s central limits, the treaty is due to expire in 2026. The absence of further 
arrangements will have a knock-on effect on the international arms control process. 
In the short term, it will be very difficult to forge new arms control arrangements 
within the remaining time frame. Therefore, promoting the resumption of nuclear 
dialogue is an important first step towards the next stage of arms control. 

Currently, there are two main reasons preventing the United States and Russia 
from resuming nuclear dialogue. 

Firstly, the deterioration of political relations directly impedes the resumption of 
nuclear dialogue. The deterioration of relations between the two countries affects the 
conduct of nuclear dialogue. This has happened before: the U.S.–Soviet rivalry during 
the Cold War led to the stagnation of their arms control process, and it was not until 
relations eased that nuclear dialogue resumed. The nuclear dialogue itself also served 
to ease tensions. Secondly, the two countries have different concerns about the future 
of arms control. Russia is concerned about the number of non-deployed U.S. nuclear 
weapons and their non-nuclear strategic technologies, such as missile defense. The 
United States, meanwhile, is concerned about the number of Russian non-strategic 
nuclear weapons. These differing concerns serve as an additional impediment to 
resuming the dialogue. This is also an obstacle to resuming cooperation. 

In terms of multilateral arms control and disarmament dialogue, the most signif-
icant nuclear disarmament and arms control process currently underway is the NPT 
Review Conference process. However, this process has failed to produce results for 
the last two Review Conference cycles, much to the disappointment of the non-
nuclear weapon states. The contradiction between the nuclear-weapon states and the 
non-nuclear weapon states on the issue of nuclear disarmament is deepening, and 
the nuclear dialogue is almost at a standstill. 

There are two main reasons for this situation: firstly, non-nuclear weapon states 
feel that the nuclear-weapon states are not fulfilling their obligations under Article 
VI of the NPT Treaty effectively and that the pace of nuclear disarmament is too 
slow. They want to accelerate it, as evidenced by the TPNW treaty adopted by the
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non-nuclear states in 2017. In the current time of rising nuclear risks, they are more 
concerned and anxious. 

Secondly, the security needs of non-nuclear weapon states have not been assured. 
During the NPT Review Conference cycle, the non-nuclear weapon states have 
emphasized the urgent need for unconditional negative security assurances. They 
have been frustrated by the persistent failure to meet their needs. 

15.3 Recommendations to Facilitate the Restarting 
of Nuclear Dialogue 

At the bilateral level, I believe that the United States and Russia could each take 
action in three areas. 

Firstly, they could promote the improvement of political relations and create condi-
tions for resuming dialogue. For example, they could actively ease tensions, resolve 
regional issues, and maintain regional security. Secondly, they could adopt a respon-
sible and proactive attitude, respect each other’s core interests, and take the initiative 
in demonstrating goodwill and rebuilding mutual trust. In the event of tense relations 
and a lack of mutual trust, any unilateral provocative behavior could lead to misun-
derstandings and miscalculations. Therefore, it is advisable for each side to exercise 
restraint and caution unilaterally, avoid further provoking the other side and refrain 
from testing or crossing the other side’s “red lines” and “bottom lines”. 

Thirdly, they could respect their mutual vulnerability and work together to main-
tain strategic stability. Future dialogue on arms control between the two countries 
could consider not only limiting the number of nuclear weapons, but also empha-
sizing the maintenance of strategic stability. Future bilateral arms control arrange-
ments could involve integrating strategic offensive and defensive capabilities, as well 
as deployed and non-deployed nuclear weapons. Respecting the survivability of each 
other’s nuclear forces is also essential. 

At the multilateral level, in order to restart effective dialogue with the non-nuclear 
weapon states, the nuclear-weapon states could explore efforts in three areas: 

Firstly, they could collaborate with the non-nuclear weapon states to explain that 
achieving nuclear disarmament gradually and in an orderly manner is a more realistic 
and feasible way of ultimately resolving the nuclear disarmament issue. 

Secondly, the nuclear-weapon states are encouraged to cooperate through the 
multilateral dialogue platforms and make substantive contributions to the interna-
tional arms control process. The P5 process is a good platform, and the P5’s joint 
statement in 2022 that “nuclear war cannot be won and must never be fought” is an 
important achievement [2]. 

In terms of the direction of cooperation, the P5 countries could discuss joint efforts 
to maintain strategic stability, reduce nuclear risks and study the impact of emerging 
technologies, such as AI, on nuclear arms control. Dialogue could also be initiated
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on arrangements to reduce the role of nuclear weapons, as well as on the mutual no-
first-use of nuclear weapons. This would demonstrate a responsible attitude towards 
the non-nuclear weapon states. 

Thirdly, the nuclear-weapon states could jointly respond to the demands of the 
non-nuclear weapon states. China has made a clear and unconditional commitment 
not to use or threaten to use nuclear weapons against non-nuclear-weapon states or 
nuclear-weapon-free zones, [3] and the issue of providing security assurances to the 
non-nuclear weapon states is an area for cooperation. 
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Chapter 16 
Climate Change Following Nuclear War: 
A Brief Introduction 

David Alexandre Ellwood 

Abstract The five recognized nuclear weapons states have a legal obligation to 
pursue disarmament under Article VI of the NPT, but as the Doomsday Clock of 
the Bulletin of Atomic Scientists ticks ever closer to midnight, these same states 
are pursuing a costly modernization program that enshrines a nuclear oligarchy over 
our indefinite future. As we approach the 70th anniversary of the announcement of 
the Russell-Einstein Manifesto the scientific case to abandon nuclear deterrence has 
never been stronger. Modern climate models show that the global cooling induced 
by even a limited nuclear war would be devastating to the world community. This 
article provides a brief introduction to recent work on nuclear winter, and makes the 
case that nuclear weapons are not an instrument of national security, but rather a 
spectre of our own annihilation. 

16.1 Speak Softly…and Carry a Big Stick 

Igitur quī  dēsīderat pācem, præparet bellum. 

(Flavius Vegetius Renatus) 

Deterrence and diplomacy are supposed to work alongside one another, but do we 
have the balance right? How much weight should each be given? Or is the correct 
balance dynamic? Roughly speaking, we are talking about the “Stick” and “Carrot” 
approach to international relations. But does a big stick really confer greater security? 
That depends on who feels threatened by it, and more importantly, how they might 
react to that threat. Even if you believe in big sticks, the pertinent question is—how 
big is big enough? And big enough for what? A nuclear defence posture must answer 
such questions, and the answers need to address what sort of attack one intends to 
deter and by whom. But as soon as we adopt such an approach, how can we avoid 
falling into an endless cycle of military build up? A race to build ever larger and 
more lethal sticks? 
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If you want peace, prepare for war goes the old Roman adage, but if we adopt a 
policy of nuclear deterrence, what sort of war are we preparing for? Even defining 
what we mean by a nuclear deterrent poses difficulties, because the better we under-
stand the nature of nuclear weapons, the harder it is to cast them in a rational light. 
It’s quite unclear if they increase or decrease our national security. Indeed, history 
suggests that even the biggest sticks often fail to confer the security gains nations 
seek. 

One thing is sure, nuclear weapons introduce a striking asymmetry into inter-
national relations, one that favours aggression and inequality, rather than greater 
cooperation and harmony. This asymmetry, and the absence of a common security 
architecture for the global community, makes it more likely that states will seek the 
“protection” of a nuclear deterrent. That both Sweden and Finland recently joined 
a nuclear alliance is a symptom of the state of our international system. Finland’s 
conventional armed forces are extremely capable, but a Finnish analyst recently told 
me that the reason his country sought NATO membership was its “nuclear umbrella”. 

So if modern well equipped conventional forces are no longer considered a suffi-
cient deterrent, what nuclear capability must one add to address the latent insecurity 
that remains? To know what is “just right” in such an extreme concept of deterrence 
it’s necessary to explore the limits; what is “too big” and “too small” in the perilous 
world of weapons of mass destruction? 

16.2 Ask a Dinosaur… 

In everything she took care to imitate the third choice of Goldilocks, just right. 

(Margaret Atwood) 

In 1981, the physicist and Nobel Laureate Luis Alvarez together with his son 
Walter, suggested that the Cretaceous-Paleogene (K-Pg) extinction was caused by a 
massive asteroid hurtling into Gulf of Mexico [1]. It’s estimated that 75% or more 
of all species on Earth vanished in a geological instant. 

In the geologic record, the K-Pg extinction event is marked by a thin layer of 
sediment called the Fatkito boundary which can be found throughout the world 
in both marine and terrestrial rocks. The Alvarez’ noticed that this boundary clay 
exhibited unusually high levels of iridium, which is more common in asteroids than 
the Earth’s crust. In the 1990s a massive crater under the Yucatan Peninsula—called 
Chicxulub (cheek-shoo-LOOB) after a nearby village—was identified as the site of 
the alleged impact. Analysis of core samples from the crater have provided strong 
evidence that the K-Pg boundary clay represents debris from an asteroid impact 
about 65 million years ago. Recent supercomputer simulations [2, 5]  allow  us  to  
imagine the details of the impact in extraordinary detail. The simulations show that 
the geophysical features of the Chicxulub crater correspond to an impact by an 
asteroid .17 km in diameter, travelling approximately .12 km s−1. We can imagine it 
as follows:
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On an otherwise ordinary day in the late Mesozoic, a massive asteroid approxi-
mately .17 km in diameter approached Earth from the north east at an angle of . 60◦
from the horizontal. Simulations suggest the asteroid had a density of approximately 
.2630 kgm−3 and ploughed into the Gulf of Mexico at.72000m hr−1 The impact cre-
ated widespread tsunamis, sent a seismic shock wave around the planet and left an 
impact crater .300 km wide and .3 km deep. The vaporised rock from the impact was 
lofted into the upper atmosphere where it condensed into sand-grain-sized spheres. 
These were heated as they fell back towards the Earth and produced the effect of a 
broiler in space which killed the dinosaurs and ignited most of the plant life on the 
surface [11]. Within a few hours a fast moving dust cloud encircled the planet and 
climate active gases from vaporised rock rich in Sulphur together with vast amounts 
of black carbon from the burning hellscape were ejected into the atmosphere.1 Sul-
phuric acid aerosols quickly adhered to the heavier silicate ejecta inducing acid rain 
storms on a continental scale, causing episodic acidification of both terrestrial and 
aquatic ecosystems. 

It is fascinating to note that the energy that precipitated this epochal catastrophe 
was simply due to the speed of the asteroid. A velocity of just a few.km s−1 endows 
an inert rock with the explosive yield of TNT! If you want to blow something up 
you don’t need explosive materials, only enough relative kinetic energy. For almost 
twenty years the US government tried to develop a missile defence system on the 
idea of seeding the sky over the former USSR with thousands of Brilliant Pebbles. 
During its boost phase, an intercontinental ballistic missile (ICBM) travels about 6 to 
7 .km s−1, more than enough kinetic energy to wrought its own destruction if small2 

autonomous3 “pebbles” could be directed into its path. Brilliant Pebbles was part 
of Regan’s “Strategic Defence Initiative” (SDI), popularly know as Star Wars. The 
project was cancelled in 1993, but I mention it here because it was widely considered 
the most successful missile defence idea to emerge from the SDI’s research, and may 
soon resurface now that advances in AI offer potential to render such technology more 
versatile. 

Let us return to the question of deterrence and compute the TNT equivalent yield 
of the Chicxulub impact. The simulations show that the detailed geophysical features 
of the Chicxulub crater correspond with an impact of an asteroid 17 km in diameter 
traveling.12 km s−1 with a density.∼ 2630 kgm−3. At this speed each gram of asteroid 
would be endowed with a kinetic energy of 

.Eg−1 = 1

2
× (0.001) × (12000)2

= 1

2
× 10−3 × (144 × 106)

= 72 × 103J.

1 The soot from these fires, together with the iridium and microspherules is found in the Fatkito 
boundary layer around the world. 
2 About the size of a watermelon. 
3 Heatseeking. 
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Now.12 km s−1 is a relatively modest speed on astronomical scales,4 yet sufficient to 
endow the Chicxulub impactor with an explosive yield approximatly 18 times that 
of TNT! From the volume and mass estimates; 

. VolumeChic ≈ 4

3
× 3.142 × (8.5 × 103m)3

≈ 4.189 × 614.125 × 109m3

≈ 2573 × 109m3,

MassChic ≈ (2630kgm−3) × (2573 × 109m3)

≈ 6.767 × 1015kg,

the total energy yield of the Chicxulub impactor would be; 

. EnergyChic ≈ (6.767 × 1015kg) × (72 × 106J kg−1)

≈ 487 × 1021J

4 × 106J
≈ (122 × 1015kgTNT)

≈ 122 × 106Mt.

This is about 150,000 times the size of the entire US strategic arsenal! It would 
obviously be absurd to build a deterrent with anything like the explosive yield of the 
Chicxulub impactor. A threat to cause a mass extinction event is not a deterrent, just 
a sign of insanity. But how much headroom do we have to play with? 

16.3 Divide et Impera 

Dividing and conquering is not a sustainable strategy… 

(Julius Caesar) 

A nuclear deterrent is not a single massive weapon, but an arsenal of much smaller 
weapons whose energy may be spread out to maximise their net damage efficiency 
(bomb damage/bomb mass). Nuclear war planners are mainly concerned with blast 
effects, which scale to the two third power of the yield.5 In Hiroshima the.5 psi (peak 
overpressure) contour extended .1.4 km from hypocentre, so 

.Area(15 kt;≥ 5 psi) ≈ 6.2 km2.

4 The average orbital speed of Earth is .≈ 30 km s−1. 
5 The fractions of a bomb’s yield emitted as thermal radiation, blast, and ionizing radiation are 
essentially constant for all yields, but a blast wave dissipates its energy throughout the medium it 
traverses, and thus decreases in intensity as the cube root of radius of an imaginary sphere centered 
on the explosion. 
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Scaling up, the .5 psi contour for an airburst of a .90 kt weapon encircles an area of: 

. Area(90 kt;≥ 5 psi) ≈ 90

15

2
3

× 6.2 km2

≈ 20km2.

An MIRV’ed6 Trident II missile can carry up to twelve7 W76-1 warheads, each with 
a yield of approximately .90 kt. Thus the total yield of the payload is about .1Mt and 

. Area(12 × 90 kt;≥ 5 psi) ≈ 12 × 20 km2

≈ 240 km2.

However 

. Area(1Mt;≥ 5 psi) ≈ 1000

15

2
3

× 6.2 km2

≈ 100 km2.

Most buildings inside the .5 psi will collapse, injuries are universal and fatalities 
will be widespread. So nuclear planners haven’t opted for smaller yields for any 
humanitarian reasons …you get more than double the blast damage for the same 
yield! 

The composition and topography of modern urban environments introduce sig-
nificant uncertainties, but a useful rule of thumb to estimate fatalities is to assume 
everyone inside the.5 psi contour would be killed, and nobody outside. Since the. 5 psi
contour of a single W88 (.455 kt) warhead airblast8 extends over .4 km from ground 
zero, it’s easy to convince yourself that countervalue strategies9 are as scary as they 
are intended to be. Nevertheless, even the staggering fatality numbers war planners 
estimate do not portend an apocalypse. But it wasn’t blast effects that killed the 
dinosaurs! Even a blast the magnitude of Chicxulub doesn’t cause a mass extinction 
event…So what does?

6 Multiple independently targetable reentry vehicle. 
7 Treaty limited to eight. 
8 384 of which are currently deployed by the US Navy on submarine launched ballistic missiles 
(SLBMs). 
9 Which include targeting the most densely populated urban environments. 
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16.4 Impact Winter 

Oh, when will you ever learn? 

(Pete Seeger) 

The impact of Chicxulub was something like a mosquito hitting your windscreen. 
Its effect on your car is negligible, but it leaves a hell of a mess to clean up…The heat 
and thermal radiation released at Chicxulub ignited wildfires on a continental scale. 
The intense heat generated hurricane force winds which lofted tens of thousands of 
teragrams of black carbon/soot high into the atmosphere. Unable to photosynthesise, 
forest, land and ocean plants died; ultimately 75% of all life on earth either froze or 
starved to death! The K-Pg extinction event was severe, global, rapid, and selective, 
eliminating a vast number of species. The event appears to have affected all continents 
at the same time—fossil pollen records devastation of the plant communities in areas 
as far apart as New Mexico, Alaska, China, and New Zealand. 

The key mechanism at work in such catastrophic devastation is that of a firestorm— 
a violent thunderstorm involving both precipitation and extreme winds. As the hot air 
above large fires (or conflagrations) rises up it pulls in air from all directions. When the 
fire is particularly ferocious, these columns coalesce into a large convective column 
which is the hallmark of a firestorm—a weather system generated by the fire itself. 
As the central column of superheated combustion products continue to rise, radial 
winds take hold which pull in more dense cold oxygen-rich air. Tornado like vortices 
form, funnelling up massive quantities of soot which generate clouds that tower into 
the sky like vast smoke stacks. These clouds—called pyrocumulonimbi—eject soot 
into the upper troposphere. The soot is self lofting due to solar heating, and continues 
to rise up into the stratosphere. New research shows the soot lofted in this way rises 
to much higher altitudes than expected and is likely to remain five times longer than 
suggested by early (1980s) modelling. 

Of course you don’t need an asteroid impact like Chicxulub to generate a firestorm, 
just sufficient quantities of thermal energy and combustible materials. Nuclear explo-
sions, wild fires and bombing raids can all ignite firestorms, but only if the conditions 
are right. London and Coventry were fire-bombed during World War II, but the raids 
didn’t result in a firestorm because they were not sufficiently concentrated in both 
space and time. British war planners understood this and the raids on Hamburg (27 
July 1943) and Dresden (13–15 February 1945) resulted in firestorms of . 12 km2

and .21 km2 respectively. Based on WWII data Glasstone and Dolan [4] identified 
minimum requirements for a bombing raid to generate a fire storm: 

1. at least 8 pounds of combustibles per square foot of fire area (40 kg per square 
meter); 

2. at least half of the structures in the area on fire simultaneously; 
3. a wind of less than 8 mi per hour at the time; and 
4. a minimum burning area of about half a square mile. 

The.15 kt atomic bomb dropped on Hiroshima (6 August 1945) generated a firestorm 
of .11 km2,  but  th  e .21 kt bomb on Nagasaki didn’t. One reason for this was different
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topography. Hiroshima is relatively flat while Nagasaki has an uneven landscape. 
Nevertheless, some 40,000 men, women and children died in Nagasaki. 70,000 more 
were injured, and radiation would continue to take its toll indefinitely. What is often 
omitted is that only 150 of the fatalities were members of the Japanese military. With 
or without a firestorm, the experience of Hiroshima and Nagasaki give new meaning 
to the term collateral damage. As the historian Margaret MacMillan remarked [6], 

It was no oversight that mass bombings were not included in the Allied indictment of Nazi 
leaders at the Nuremberg trials. 

Firestorms may be10 less likely in modern cities because of their more resistant 
construction and design. In general, city fire damage is less dependent on the yield of 
the weapons used than conditions in and around the city. Fuel loading per square meter 
(fuel density) is arguably the most significant factor. But if the weapons are powerful 
enough, a city will be completely destroyed by heat and blast effects alone, not to 
mention the irradiated rubble left in its wake. In summary, nuclear weapons reduce the 
question of whether a city will firestorm to a few predictable variables, topography, 
fuel loading and the prevailing atmospheric conditions (e.g., wind speed). With cities 
firmly in the crosshairs of nuclear war planners, large quantities of soot are certain 
to result if nuclear weapons are ever used. Just how large is our next subject… 

16.5 Sootification 

The less you rely on smoke and mirrors, the less you’ll need to put out fires. 

(Gavin Mills) 

We can approximate [10, 13] the amount of fuel (combustible loading) per unit area 
(urban/developed landscape) by a linear function of population density: 

. M f = (1.1 × 104 kg person−1).P + 8 × 106 kg km−2.

Estimates of population density are readily available, e.g., the LandScan11 global 
population database provides daily average population in grid cells of.30 × 30 arc 
seconds (i.e., .∼ 1 km2 at the equator).

10 A recent NAS report [7] suggests that firestorms are less likely under many plausible conditions 
than earlier models assumed but this conclusion is far from evident. Significant uncertainties abound, 
including: How much urban fuel is available and its combustibility (e.g. modern building materials 
vs older ones)? How do blast and thermal effects interact (thermal pulses igniting fires, blast waves 
causing secondary ignitions or creating rubble)? Are fires in densely built urban areas less likely to 
coalesce into large firestorms with strong convective columns? While urban environments populated 
with highrise buildings don’t lend themselves to the formation of firestorms because of the baffle 
effect of these structures, a nuclear weapon will incinerate everything within a certain radius and 
the contents of a building may provide more fuel than its construction. This is an area of active 
research and new modelling is expected to shed more light on these matters soon. 
11 https://landscan.ornl.gov. 

https://landscan.ornl.gov
https://landscan.ornl.gov
https://landscan.ornl.gov
https://landscan.ornl.gov
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The total single detonation mass of soot emitted by fires (adjusted for rain out) is 
estimated [13] by the formula12 : 

. MSoot =
J

j=1

A jM f j .

N

i

Fi Qi SiCi Ri .

The first sum is over all grid cells subject to fire ignition,.A j is the area of the. j th grid 
cell and .M f j is the quantity of fuel per unit area of the . j th cell estimated according 
to population density (by the formula above). The second sum is a factor which 
corrects for the different types of combustible materials present and how much soot 
they generate. In reality this would vary between grid cells but no attempt is made 
to take account of this. Recent work [10, 12] assumes all the fuel of each type is 
consumed (.Qi = 1), the fuel type per person in the city bombed is the same as it 
would be in the developed world (.Ci = 1) and that soot rainout due to fire storms is 
.20% (.Ri = 0.8). Summing over fuel types then gives a value of . 0.016 kgSoot kg

−1
Fuel

for the second sum. Substituting in the formula for population density then yields: 

. MSoot =
J

j=1

A jM f j .

N

i

Fi Qi SiCi Ri

=
J

j=1

A j 1.1 × 104).P + 8 × 106 .0.016

≈
J

j=1

A j 180kgSoot psn
−1).Ppsn km−2 + 130, 000kgSoot km

−2 .

At Hiroshima.13 km2 burned. Linear scaling is sufficient13 to calculate the area burnt 
for small yield weapons, e.g., the airblast of a .100 kt weapon burns: 

. AreaFire zone(100 kt) = 13 km2 × 100

15
= 86.6 km2.

To understand the climate effects of a nuclear war, we must consider targeting. 
Deterrence theory favours a countervalue strategy in which urban areas and critical 
infrastructure are included amongst legitimate targets, rather than a focus on opposing 
nuclear forces (i.e., counterforce targeting). Thus the areas of highest population 
densities would be likely casualties of a nuclear war, and we can expect such a conflict 
to generate the maximum amount of soot suggested by the above formula. Civilian 
studies don’t have access to the actual targeting maps of nuclear war planners, so

12 This is the best we can do at the moment. However ongoing research is now modeling the burning 
of cities in detail and how much smoke they would produce. 
13 The area within a given thermal energy flux contour varies linearly with yield for small yield 
weapons. 
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recent studies adopt a simplistic cookie cutter approach to targeting, where warheads 
are directed at the areas of highest population density in a non-overlapping grid. 

This is certainly contrary to actual war plans, in which huge redundancy is built 
in to ensure the desired blast damage. Further work with more accurate targeting 
plans will more accurately assess probable soot mass, but the effects are likely to 
be of the same order of magnitude because the distribution of combustible loading 
within possible adversaries is quite concentrated. 

In their papers [8, 9, 12] Robock and his collaborators focus on two scenar-
ios, a full scale nuclear war (United States/Russia), and a regional nuclear war 
(India/Pakistan). The full scale war scenario assumes that Russia targets .1000 ×
100 kt-weapons on the US and .200 × 100 kt-warheads each on France, Germany, 
India, Japan, Pakistan, and the UK; while the US targets.1100 × 100 kt-weapons each 
on China and Russia14 . They estimate as much as.180 .Tg of soot could be generated 
in such a war. Such an exchange is a gross simplification that does not accurately 
depict the makeup of current arsenals15 , but more probable weapons yields would 
likely produce comparable soot emissions. 

The regional war scenario assumes each side targets .50 × 15 kt weapons on the 
other, i.e., .100 nuclear explosions and .1.5Mt total yield. For this exchange they 
estimate .6.6 .Tg of soot may be generated. To understand the climate response in 
each case, these soot estimates are rounded down to .150 .Tg and .5 .Tg respectively 
and fed into supercomputer simulations called Earth system models. 

16.6 The Science (and Art) of Climate Modelling 

All models are wrong, but some are useful.16 

(George Box) 

The laws of physics (thermodynamics, conservation of mass/energy, etc.) that 
determine how energy and matter interact in the oceans, land and atmosphere are well 
known, but difficult to compute. The most sophisticated models of Earth’s systems 
work by dividing the surface of our planet up into a fixed grid. A 3-D array of cells 
above and below the grid, reaching up into the atmosphere and down into the oceans, 
is used to build a numerical model of atmospheric and oceanic dynamics. These

14 i.e., .4400 total nuclear explosions and.440Mt total yield. 
15 4400 explosions exceeds the capacity of current arsenals. 
16 This is a negative way of looking at it, but it drives home an important point to a lay audience. 
A leading practicioner suggested to me it’s better to say “all models are incomplete and imperfect, 
but they are nevertheless very useful.” For example, we use models every day to make weather 
forecasts. And of course, nuclear weapons research for the last several decades has relied solely 
on models in the absence of underground testing. Since the entire Earth is our laboratory, we must 
use simulations to ask “what if" questions without messing it up. But modelling complex systems 
is very challenging, and climate modelling pushes the boundaries in many ways. 
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models simulate the movement of energy, water, gases, aerosols etc. into and out of 
the 3-D array of grid cells. To achieve this general circulation models (GCMs) as 
they are called, employ a supercomputer to integrate discrete versions of the Navier-
Stokes equations on a rotating sphere together with thermodynamic terms for various 
energy sources (radiation, latent heat, etc.). Separate models for the Ocean (OGCM) 
and atmosphere (AGCM) are coupled together with submodels17 so as to simulate 
Earth’s systems as comprehensively as possible. 

The simplest grid used in AGCMs consists of a constant angular grid (i.e., a lati-
tude/longitude grid) with resolutions between.1◦ and. 5◦. One degree of both latitude 
and longitude at the equator covers approximately .111 km.18 This distance is con-
sistent for latitude because lines of latitude are parallel. However, for longitude this 
distance applies only at the equator—the distance between longitude lines decrease 
as they converge at the poles.19 In any case, current models are too coarse to capture 
important small-scale features such as clouds, and modellers must make subgrid 
assumptions to account for this. I think it’s fair to say that there is both science and 
art involved in climate modelling. Even the best models may fail to reproduce past 
climate events and some fine tuning is often required. This means adjusting known 
parameters in such a way that the model behaves plausibly enough to be useful for 
the various climate scenarios under investigation. 

Climate modelling is a very active area of research, and even with improvements 
in computer power, different models may disagree when attempting to simulate 
subtle phenomena, including anthropogenic warming. However, there is nothing 
subtle about the severe shock to Earth’s systems caused by a nuclear war, even in 
the regional war scenario. In particular, AGCM predictions of nuclear winter exhibit 
the same narrow range of results, and these results are very alarming. If you feel 
confident in basing energy policy on the modelling results, you cannot ignore the 
strong message these models send about the climate risks of a security posture that 
includes nuclear deterrence. 

16.7 Up in Smoke… 

Models made by Russian and American scientists showed that a nuclear war would result in 
a nuclear winter that would be extremely destructive to all life on Earth; the knowledge of 
that was a great stimulus to us, to people of honor and morality, to act in that situation . 

(Mikhail Gorbachev)

17 To account for evapotranspiration, sea-ice, chemical and other processes. 
18 The Earth is approximately a sphere, and its circumference is about.40, 000 km. We divide a circle 
into.360◦. Therefore, each degree of a great circle on earth’s surface is roughly. 40, 000 km/360 =
111.111 km in length (.60 nautical miles). While the Earth is not a perfect sphere (it is an oblate 
spheroid), this number provides a practical approximation. 
19 Hence AGCM’s must impose constraints on variables assigned to cells close to the poles so as 
to prevent instabilities developing. 
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In their 2007 work, Robock and his collaborators [8, 9] employ the NASA God-
dard Institute for Space Studies (GISS) ModelE to explore the climate response in 
both the .150 . Tg and.5 .Tg scenarios. The atmospheric portion of the model was run 
at .4◦ × 5◦ latitude-longitude resolution with .23 vertical layers extending to .80 km. 
The coupled oceanic general circulation model had .13 layers and also a . 4◦ × 5◦
latitude-longitude resolution. The GISS ModelE includes a module to calculate the 
transport and removal of aerosol particles and is reported to have performed well in 
simulating the climatic response to both the 1783 Laki and the 1912 Katmai volcanic 
eruptions. It has also been used to successfully simulate the transport and removal 
of sulfate aerosols from tropical and high-latitude volcanic eruptions. 

In the full scale nuclear war scenario, 150 Tg of black carbon was injected into 
the upper troposphere over 7 d starting on 15 May, equally spread over cells covering 
the contiguous United States and Russia. In the 5 Tg scenario all the black carbon 
was injected on a single day (May 15), and concentrated into a single column of 
grid boxes at .30◦ N, .70◦ E. There were some notable differences in the way smoke 
particles were represented in each case [9]. In the latter, the optical properties of 
black carbon aerosols were set to those of pure smoke to more accurately reflect 
burning from city targets, as opposed to a general mixture of black soot, smoke, and 
dust that was modeled in the the.150 .Tg case. Thus per unit mass, the aerosols in the 
.5 .Tg scenario would be expected to absorb more solar radiation and producing more 
lofting, and hence induce a more extended perturbation of the climate following a 
nuclear war. 

Climate modelling is not weather forecasting, where a great deal of the uncertainty 
results from the chaotic nature of the dynamical system, i.e., its sensitivity to the 
specification of initial conditions. Rather, climate modelling looks for effects that are 
independent of such small variations, and so an ensemble of trials is considered based 
on a suitably random distribution of initial conditions. Robock and his collaborators 
conducted three ten year runs with.5 .Tg of soot and compared the mean with a thirty 
year control run. The variation between ensemble members was small compared to 
the response, and a single run was considered sufficient for the very large forcing 
following from a .150 .Tg soot injection. 

Of course it’s good practice not to rely on the predictions of computer simulations 
blindly, but to perform “back of the envelope” calculations to get a feeling for the 
relevant physics at play.. 

16.8 Nuclear Forcing 

The prediction of nuclear winter is drawn not, of course, from any direct experience with 
the consequences of global nuclear war, but rather from an investigation of the governing 
physics. 

(Carl Sagan)
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The Sun is the power house of the Earth’s systems. The solar constant . S ≈
1361Wm−2 indicates the average power of the Sun’s rays incident on our planet. A 
maximum of about .1000Wm−2 reaches sea level on a clear day at noon.20 

Now it’s a matter of common experience that hot objects glow, and the warmer they 
are, the brighter they glow. In fact all objects glow, but the colours of light/radiation 
they emit are often too faint to see, or outside of our visible range. It turns out that 
any object emits dramatically more radiation when it is hot than when it is cool, the 
exact relation being given by the famous Stefan-Boltzmann law: 

. = σT 4. (SB)

Here . is the total21 radiation flux22 emitted by a blackbody with absolute tem-
perature . T , i.e., an idealized object that absorbs and emits radiation of all wave-
lengths with.100% efficiency,.σ = 5.68 × 10−8 Wm−2 K−4 is the Stefan-Boltzmann 
constant and . T is absolute temperature which is measured in degrees Kelvin (. K).23 

The Earth is not a blackbody at visible wavelengths,24 but radiates almost exclu-
sively in the infrared band.25 Hence we can approximate the terrestrial emission flux 
as that of a blackbody with global surface mean temperature .TE . Several compli-
cations preclude us from estimating .TE directly from the ambient flux, but we can 
rearrange the Stefan-Boltzmann law to derive a rough and ready estimate for how 
changes in the Earth’s energy budget alter .TE . Rearranging (SB) for . T and (Taylor) 
expanding: 

.. TE + = TE + TE + · · ·

where .TE is the derivative; 

.. TE = 1

4

TE
,

gives 

. TE + = TE + 1

4

TE + · · ·

and so

20 This is a measure of the energy of sunlight arriving each second on a horizontal surface of one 
square meter normal to the Sun’s rays, i.e., the maximum solar radiation flux at sea level. 
21 All wavelengths/frequencies. 
22 Energy per unit time per unit area. 
23.◦K = ◦C + 273.15.. 
24 The absorption efficiency of solar radiation by the Earth is only . = 1 − α = 0.72,  wher  e . α is 
called the planetary albedo. 
25 i.e., wavelenghts longer than visible light but shorter than the microwaves used by your cell 
phone. 
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.
TE

TE
= TE + − TE

TE
≈ 1

4
SB 

i.e., the percentage change in temperature will be approximately one fourth the 
percentage change in the global average downward energy from the Sun reaching 
the Earth’s surface. 

The simulations performed in [8] suggest a .5 .Tg soot injection would reduce 
the global average downward energy from the Sun reaching the surface by as much 
as .16Wm−2 in the first year. Substituting . = −16Wm−2 into (. SB) suggests 
an associated percentage change in temperature of about .−0.4%.  If  we  take  .TE to 
be .290 ◦K we find . TE ≈ −1.2 ◦C, which is consistent with computer modelling 
predictions. 

For comparison, the 1991 Mt. Pinatubo eruption – the largest of the twentieth 
century – reduced global average sunlight by only .4Wm−2 with an observed tem-
perature anomaly of about.−0.5 ◦C. However, compared with forcing from volcanic 
ash, the forcing following a nuclear war would persist for years. Thus even a nuclear 
war involving as little as only.0.03% the explosive power of the current world arsenal 
could induce climate change unprecedented in the last 1000 years. 

Similarly, modelling shows that a .150 .Tg soot injection may reduce the global 
average downward energy from the Sun reaching the surface by as much as 
.100Wm−2 in the first year. Substituting . = −100Wm−2 into (. SB) suggests 
an associated percentage change in temperature of about .−2.5%, i.e., a temperature 
anomaly . TE ≈ −7.25 ◦C. The simulation [9] predicts a comparable drop in the 
first year, but an even more extreme anomaly of .−9 ◦C follows in the second year. 
This demonstrates the power of feedback effects26 not captured by our simple energy 
balance estimates. Computer modelling also shows that recovery may be very slow, 
with an anomaly of .−4 ◦C remaining one decade after the soot injection. 

In 2019, Coupe, Bardeen, Robock and Toon [3] repeated the.150 .Tg injection sce-
nario with the Whole Atmosphere Community Climate Model version 4 (WACCM4), 
run for twenty years at.1.9◦ × 2.5◦ resolution with 66 vertical layers.27 This run incor-
porated full stratospheric chemistry and more accurately modeled the evolution of 
the black carbon aerosols, allowing for particle growth. They found global average 
downward energy from the Sun would be reduced by .120Wm−2 in the first year, 
even more extreme than that predicted in their 2007 study. However, the WACCM4 
run suggested a faster recovery, since the soot lifetime is reduced. Nevertheless, in 
this model the global climate fails to recover completely, even after twenty years. 

The possibility of such massive forcing of the earth’s climate following nuclear 
war poses serious questions for policy makers. More radiative heating of the strato-
sphere results in ozone depletion. Less radiative heating of the oceans means less 
precipitation. Also, lower temperatures globally result in shorter growing seasons, 
and the simulations suggest the possibility of freezing temperatures occurring during

26 e.g., Lower temperatures result in more snow and ice (increased albedo) and less atmospheric 
water vapour (reduced greenhouse effect). 
27 up to 140 km. 
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summer months for years following a nuclear war. Ultimately a nuclear war would 
result in a global famine [15], a conclusion that fundamentally undermines the idea 
of a nuclear deterrent. How does a defence posture that implies national suicide 
increase the security of any nation? 

So if current arsenals are too large, perhaps more nations should adopt a policy 
of minimal deterrence to allay these concerns? 

16.9 Is One SSBN One SSBN Too Many? 

Every thinking person fears nuclear war and every technological nation plans for it. Everyone 
knows it’s madness, and every country has an excuse. 

(Carl Sagan) 

The United Kingdom has been a nuclear power since 1952. It is one of the five 
officially recognised nuclear states under the non-proliferation treaty (NPT). At its 
Cold War peak the UK nuclear stockpile consisted of approximately 520 nuclear 
warheads. Following the end of the Cold War, a review of the UK’s nuclear posture 
resulted in the phase out of the the RAF’s WE-177 free-fall bombs. The capability 
of the Royal Navy’s surface ships to carry or deploy nuclear weapons was also 
dismantled and by 1998 the UK’s deterrent was reduced to a single system. 

The UK adopts a posture of minimal credible nuclear deterrence assigned to the 
defence of NATO. It is the only nuclear weapon state that has reduced to a single 
deterrent system. That system consists of: 

• Four Vanguard-class submarines (SSBN), maintaining continuous at sea deter-
rence (CASD); 

• 58 Trident II D5 missiles which are held in a communal pool with the US, situated 
at the Kings Bay Submarine Base in Georgia; 

• Varying numbers of Mk4/A nuclear warheads that can be deployed on the Trident 
II D5s. 

In 2010 the UK Government published official information on the size of the UK’s 
overall nuclear stockpile for the first time (confirming that the UK held 225 war-
heads). However, in the 2021 Integrated Review the cap on the UK’s stockpile was 
raised to (no more than) 260 warheads. Nevertheless, the UK retains the smallest 
inventory of any recognised nuclear weapon state. 

However, the fact remains that only a small number of weapons are needed to 
destroy the cities and economies of even the largest countries. Indeed, maintain-
ing a minimal deterrent means retaining sufficient force to destroy at least .25% of 
the population and .50% of the industry of any possible adversary! This concept is 
problematic at best:
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• It’s contrary to international humanitarian law (a minimal deterrent relies on a 
countervalue strategy, but threats or use of force must not be directed at civilians); 

• Its impacts are disproportionate and also affect areas remote from the war zone; 
• Security guarantees are not credible (whatever a minimal deterrent is, it’s not an 
“umbrella”); 

• It ignores the threat felt by others, which increases insecurity! 
But climate modelling suggests there is worse!28 

The concept of minimal deterrence is based on retaining the capability to inflict 
blast damage of sufficient scale to deter any possible adversary. But as we have seen, 
the destructive force of nuclear weapons is not limited to blast effects. Although 
less predicable, the effects of fire cannot be disregarded, and modern climate models 
suggest any nuclear war could result in a very bleak outcome for the entire planet [15]. 
Assuming linear scaling the airblast of a .90 kt W76-1 warhead could incinerate: 

. AreaFire zone(90 kt) = 13 km2 × 90

15
= 78 km2.

An MIRV’ed Trident II missile can carry up to twelve29 such warheads. Hence 

. AreaFire zone(12 × 90 kt) ≈ 12 × 78 km2

≈ 936 km2.

A fire zone of this scale can generate over .3.5 .Tg of soot depending on combustible 
loading. Each Vanguard-class submarine (SSBN) can carry . 8 MIRV’ed Trident II 
missiles, and hence up to .96 W76-1 warheads, but currently UK policy allows for a 
maximum of just .40 such warheads: 

. AreaFire(40 × 90 kt) ≈ 40 × 78 km2

≈ 3120 km2.

Who and what this weapon is intended to deter is left open. The UK has a policy of 
deliberate ambiguity and does not make clear the precise details of when, how and 
at what scale the UK may consider the use of its nuclear weapons. However both the 
2021 Integrated Review of Security, defence, Development and Foreign Policy and 
its subsequent refresh in March 2023 confirmed that nuclear weapons would only be 
used in “extreme circumstances of self-defence” and that the UK “will not use, or 
threaten to use, nuclear weapons against any non-nuclear weapon state party to the 
NPT”. 

Combustible loading of Russian cities is lower than India/Pakistan, but com-
bustible loading of Chinese cities is comparable with the latter. Thus the deterrent 
provided by a single Vanguard-class submarine carrying 40 W76-1 warheads risks

28 c.f., [14]. 
29 Currently limited to eight. 
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climate forcing associated with a soot injection between.7 .Tg and.12 .Tg. This corre-
lates to a crash in global surface temperatures of between.−1.6 ◦C to.−2.8 ◦C. Thus 
the only thing credible about a minimal deterrent is that more than a billion people 
with marginal food supplies could die of starvation. Isn’t it time we rethought the 
concept of nuclear deterrence before current modernisation programmes condemn 
us to this absurd state of affairs for our indefinite future? As Andrew Carnegie said 
at the 1st National Arbitration and Peace Congress more than a century ago: 

These vast armaments on land and water are being defended as a means, not to wage war, but 
to prevent war (…) there is a safer way (…) it requires only the consent and the good-will 
of the governments. Today they say (…) If you want peace, prepare for war. This Congress 
says on behalf of the people: Si vis pacem, para pactum, if you want peace, agree to keep 
the peace. 

(Andrew Carnegie) 
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Chapter 17 
International Science Cooperation 
and Science Diplomacy: Challenges 
and Opportunities 

Persis S. Drell 

Abstract In this article I will begin by clarifying how I think about international 
science cooperation and science diplomacy and give a few examples of the roles they 
have played in the past. I will then talk about what has changed and what some of the 
current challenges are. I’ll finish with a few thoughts on a path forward to ensure that 
we can continue to have the benefits of international science cooperation and science 
diplomacy in a changing world. I hope to convey two messages in this talk. The first 
is that I believe that international science collaboration and science diplomacy are 
essential tools to address global challenges and to support work towards global equi-
tability and stability. Great science and tremendous progress towards international 
security have been supported in past decades by science collaboration and diplo-
macy. I hope this can continue in the future. My second message is that successful 
collaboration and diplomacy rely on an open international research community. I see 
threats to this open community, and I encourage scientists to continue to invest time 
and energy to preserve it. I want to acknowledge that my viewpoint in this paper will 
undeniably be US centric. 

17.1 Why Is International Science Cooperation Important? 

In my judgement the single most powerful argument for international science coop-
eration and collaboration is that it will result in better science. As the community 
broadens internationally, we are exposed to new ideas, and we have our own ideas 
tested, extended and validated. 

However, there are additional powerful arguments that are worth mentioning. In 
many areas of science, the scale of the science requires international collaboration 
and cooperation. In fields such as accelerator-based particle physics, fusion, and 
space exploration, the tools of discovery are so expensive and complex that no one 
nation or region has the resources or skills to build and operate them. Additionally,

P. S. Drell (B) 
Stanford University, Stanford, CA, USA 
e-mail: persis@stanford.edu 

© The Author(s) 2026 
P. Cotta-Ramusino et al. (eds.), Nuclear Weapon Risks in a Problematic Time, Springer 
Proceedings in Physics 358, https://doi.org/10.1007/978-3-032-29873-7_17 

165

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-032-29873-7_17&domain=pdf
mailto:persis@stanford.edu
https://doi.org/10.1007/978-3-032-29873-7_17


166 P. S. Drell

there are fields such as climate science where global engagement is needed to have 
access to the data for developing and testing reliable models. 

Global science cooperation allows us to become aware of the capabilities of our 
collaborators and allows us to meet the best talent world-wide. And finally, it is in 
our national interest. We can project our values of ethics and transparency, we can 
enhance our security based on demonstrated intellectual knowledge and capability, 
and it allows us to establish channels of communication that can overcome technical 
or political hurdles, and lead to broader international discussions in science and 
beyond.1 

17.2 What Is Science Diplomacy? 

There are at least three concepts that are referred to by the phrase ‘science diplomacy’ 
and they are well described in many references, a few of which are listed here [1, 2]. 

Reviewing those concepts briefly we have. 

17.2.1 Diplomacy for Science 

Diplomacy can facilitate the creation of international science facilities that are too 
large and too complex to be constructed and operated by a single nation. One example 
is the international treaty organization, CERN, that is exploring the frontiers of 
particle physics with powerful accelerators. Another example is ITER, the world’s 
largest fusion experiment. 

17.2.2 Science for Diplomacy 

Science for Diplomacy describes efforts to leverage science engagement and 
exchange to advance broader national interests beyond science discovery [3]. The 
2024 Biennial Report to Congress on International Science & Technology Cooper-
ation states “International S&T cooperation has been a pillar of US foreign policy 
and national security since the end of WWII”.2 Science for diplomacy is especially 
important when political differences or economic competition are straining normal

1 Material in this section benefitted from an unpublished document from and discussions with 
Professor Raymond Jeanloz of UC Berkeley 
2 NSTC Biennial Report to Congress on International Science & Technology Cooperation, 
February 2024. https://bidenwhitehouse.archives.gov/wp-content/uploads/2024/02/2024-Biennial-
Report-to-Congress-on-International-Science-Technology-Cooperation.pdf 

https://bidenwhitehouse.archives.gov/wp-content/uploads/2024/02/2024-Biennial-Report-to-Congress-on-International-Science-Technology-Cooperation.pdf
https://bidenwhitehouse.archives.gov/wp-content/uploads/2024/02/2024-Biennial-Report-to-Congress-on-International-Science-Technology-Cooperation.pdf
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diplomatic relations. The continued interactions of many physicists with their Soviet 
counterparts during the cold war is an example of this. 

17.2.3 Science in Diplomacy 

Many international challenges, such as climate change, pandemic management, and 
verification of nuclear treaties, are increasingly scientific in nature. Science based 
policies are vital for success in these areas, and engagement of the scientific commu-
nity with the policy makers is essential. The work of Tom Neff who proposed the 
conversion of highly enriched uranium from old weapons in the Soviet Union into 
fuel for nuclear power plants in the United States at the end of the cold war is an excel-
lent example. The plan reduced the global stockpile of nuclear weapons, removed 
fissile material from the market and helped stabilize the world post 1991 [4]. 

17.3 What Has Changed and What Are the Threats 
to the Open Science Ecosystem Today? 

The world is a very different place in 2025 than it was in 1990 or 2000. On the one 
hand, science is more internationally collaborative than ever before. On the other 
hand, the open global collaborative research environment in the US is facing new 
challenges. 

The development of the internet over the past 2–3 decades has democratized 
cutting-edge scientific research and knowledge and has made the world of science 
very ‘flat’. As soon as a researcher is ready to share a new result, it can be accessed 
by colleagues around the globe almost instantly. Science is more accessible in more 
places than ever before, facilitating rapid innovation globally. Collaboration is easier 
than ever, and the international engagement on major scientific projects now includes 
many more countries and nationalities than in previous decades. As information 
travels literally at the speed of light around the globe, a very real danger is being left 
behind and getting surprised by new discoveries if a nation chooses not to engage 
fully in the global scientific ecosystem. But there are multiple emerging threats to 
our open science ecosystem. 

China is the most prolific international collaborator of the United States.3 

However, for some in the US, the rise of China as an economic power is seen as 
a threat to US leadership in science and technology. As a result, China is being 
viewed by many in the US and elsewhere as more of a threat than a collaborator. 
This is exacerbated by increasing concern with inappropriate behavior on the part

3 The latest available published information on international collaboration by the NSF includes data 
up through 2018. NSF Science and Engineering Indicator, December, 2019, https://ncses.nsf.gov/ 
pubs/nsb20206/international-collaboration 

https://ncses.nsf.gov/pubs/nsb20206/international-collaboration
https://ncses.nsf.gov/pubs/nsb20206/international-collaboration
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of the Chinese government to acquire intellectual property and critical emerging 
technologies for economic gain among other goals.4 

Many powerful new technologies that are currently being developed have dual 
use potential. There are national security concerns with emerging technologies such 
as AI, QIS and Biotech. These concerns are fueled by observations that technologies 
seem to be moving up technical readiness levels very quickly from basic research to 
proof of concept and prototype. When and how should these new areas be protected? 

Economic and national security concerns are leading some to advocate for 
restricting access to emerging new technologies ever earlier in the research process. 
This is complicated in the US by a blurring of civilian and military objectives. 

Another threat to the open science ecosystem in the US comes from changes in the 
US research university system. There has been a shift in universities in recent decades 
to focus on entrepreneurship and generation of technology and innovation. At least 
partially, this arises from the landmark Bayh-Dole legislation5 that, in 1980, enabled 
universities to own, patent and commercialize inventions derived from federally 
funded research. As a result, we are seeing more technology development in our 
universities and a resulting blurring of academic with commercial objectives and a 
changing balance of incentives around open science. 

Finally, active regions of conflict around the globe have put strain on international 
collaborations. As an example, in light of the ongoing conflict in the Ukraine, the 
CERN Council ended CERN’s cooperative agreement with Russia and Belarus.6 

17.4 What Is the Impact of Changes to the Current Science 
Ecosystem? 

National security and economic security concerns are posing threats to the open 
science research ecosystem in the US. 

At universities, traditionally the major locus for open global collaborative research 
in the US, there are increasing concerns about foreign IP theft. Inappropriate behavior 
on the part of some individual researchers,7 both U.S. and foreign, has led to concerns 
in the US of improper dissemination of research findings.8 ,9 The government has

4 Center for Strategic & International Studies. Survey of Chinese Espionage in the United States 
Since 2000. https://www.csis.org/programs/strategic-technologies-program/survey-chinese-espion 
age-united-states-2000 
5 https://www.govinfo.gov/content/pkg/USCODE-2011-title35/html/USCODE-2011-title35-par 
tII-chap18.htm 
6 https://home.cern/news/news/cern/cern-council-decides-conclude-cooperation-russia-andbel 
arus-2024 
7 https://www.justice.gov/usao-ma/pr/former-harvard-university-professor-sentenced-lying-about-
his-affiliation-wuhan 
8 https://www.nytimes.com/2019/11/04/health/china-nih-scientists.html 
9 https://www.chemistryworld.com/news/theft-of-universities-secrets-fuels-us-crackdown-on-chi 
nese-talent-programmes/4011014.article 

https://www.csis.org/programs/strategic-technologies-program/survey-chinese-espionage-united-states-2000
https://www.csis.org/programs/strategic-technologies-program/survey-chinese-espionage-united-states-2000
https://www.govinfo.gov/content/pkg/USCODE-2011-title35/html/USCODE-2011-title35-partII-chap18.htm
https://www.govinfo.gov/content/pkg/USCODE-2011-title35/html/USCODE-2011-title35-partII-chap18.htm
https://home.cern/news/news/cern/cern-council-decides-conclude-cooperation-russia-andbelarus-2024
https://home.cern/news/news/cern/cern-council-decides-conclude-cooperation-russia-andbelarus-2024
https://www.justice.gov/usao-ma/pr/former-harvard-university-professor-sentenced-lying-about-his-affiliation-wuhan
https://www.justice.gov/usao-ma/pr/former-harvard-university-professor-sentenced-lying-about-his-affiliation-wuhan
https://www.nytimes.com/2019/11/04/health/china-nih-scientists.html
https://www.chemistryworld.com/news/theft-of-universities-secrets-fuels-us-crackdown-on-chinese-talent-programmes/4011014.article
https://www.chemistryworld.com/news/theft-of-universities-secrets-fuels-us-crackdown-on-chinese-talent-programmes/4011014.article
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responded with refinements to long standing policies around openness in government 
funded R&D (such as NSDD 18910 ) with additional requirements for participation of 
non-US citizens in government funded R&D at universities. An example is NSPM-
3311 issued by President Trump at the end of his first term and implemented under 
President Biden, that increases disclosure requirements for researchers to receive 
federal funding and requires increased vetting of foreign students and researchers 
participating on projects. There is also increasing use of a somewhat ill-defined 
category of ‘controlled unclassified’ to protect information that is deemed sensitive. 

The discussions in the US are challenging. Those who advocate for free exchange 
of ideas may downplay or dismiss threats of unfair practices in the open international 
research environment. Those focused on threats posed by foreign adversaries may be 
underestimating the negative impact of restrictions on research collaborations. The 
outcome of these discussions has the potential to lead to more isolationist attitudes 
and policies going forward. 

17.5 The Path Forward 

As we contemplate the path forward, we first must acknowledge that we will not be 
going back to the ways that international collaborations were handled in previous 
decades. While we can hope that the conflict regions in Ukraine and the Middle East 
will find resolution soon, national economic and national security concerns will not 
go away and will continue to influence our open research ecosystem. Going forward, 
the benefits of international engagement and collaboration (such as better science, 
science at scale, national interest and science diplomacy,) will need to be delicately 
balanced against risks such as the loss of competitive advantage in the commercial-
ization and potential development of military technologies. This author believes that 
in many cases in the future, as in the past, the benefits of international engagement 
will outweigh the risks, especially in early-stage basic research. However, there are 
cases where we will need new risk mitigation strategies as the basic research moves 
to technology development and deployment. And while our primary focus should be 
first and foremost on fostering innovation and economic development globally, we 
must also continue to work to mitigate potential threats to national security. 

There are three elements to a framework to mitigate potential threats to national 
security from our open research ecosystem. All of these exist in some form currently, 
but we need to improve them to accommodate the current geopolitical climate.

10 https://www.acq.osd.mil/dpap/dars/pgi/docs/National_Security_Decision_Directive_189.pdf 
11 https://trumpwhitehouse.archives.gov/presidential-actions/presidential-memorandum-united-
states-government-supported-research-development-national-security-policy/ 

https://www.acq.osd.mil/dpap/dars/pgi/docs/National_Security_Decision_Directive_189.pdf
https://trumpwhitehouse.archives.gov/presidential-actions/presidential-memorandum-united-states-government-supported-research-development-national-security-policy/
https://trumpwhitehouse.archives.gov/presidential-actions/presidential-memorandum-united-states-government-supported-research-development-national-security-policy/
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17.5.1 Articulate What we Are Trying to Protect 

We need a clearer articulation of what it is we are trying to protect in our research 
environment. In the US, we have a long history with the security classification of 
technology development for items with military value and the system works well. 
For research that does not meet the threshold for classification, how conservative do 
we want to be? And why? In 1985 the Regan administration articulated the policy 
that “to the maximum extent possible, the products of fundamental research remain 
unrestricted”.12 Recent federal guidance focuses more on taking steps to protect intel-
lectual capital and discouraging ‘research misappropriation’.13 The balance between 
protectionism and openness will be helped by more clarity around what we are trying 
to protect. As one Department of Energy national laboratory director has stated: “Pro-
tect what we need to protect, but don’t do so in a way that undermines our ability to 
develop S&T worth protecting.14 ” It is imperative that scientists engage with policy 
makers to reach the best outcome. 

17.5.2 Exercise Caution 

Research theft and misappropriation by foreign state actors occurs, and it threatens 
the open research environment. It may be necessary to become more cautious about 
whom we collaborate with and on what topics [5]. It will help to have greater clarity 
around expectations for collaboration participation that model what is often done for 
large international collaborations. And US universities may need to pull back from 
some of their global research engagements. However, we should not pull back from 
engaging students from around the globe in our university research enterprise. 

17.5.3 Develop New Strategies 

We need to develop more strategies for positive international collaboration to address 
global challenges with low dual use potential and tremendous negative economic 
impact if the problems are not solved. Examples include climate change, food security 
and global health. Global collaboration is required to solve these problems, and 
working together to overcome shared challenges is a way to build trust. We should 
take a long view on the economic benefits of the collaborations and focus less on 
tactical near-term economic risks of technology sharing and more on the strategic 
long term economic benefits of getting to solutions.

12 https://www.acq.osd.mil/dpap/dars/pgi/docs/National_Security_Decision_Directive_189.pdf 
13 https://trumpwhitehouse.archives.gov/presidential-actions/presidential-memorandum-united-
states-government-supported-research-development-national-security-policy/ 
14 Dr. Thomas Mason, Director, Los Alamos National Laboratory 

https://www.acq.osd.mil/dpap/dars/pgi/docs/National_Security_Decision_Directive_189.pdf
https://trumpwhitehouse.archives.gov/presidential-actions/presidential-memorandum-united-states-government-supported-research-development-national-security-policy/
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17.6 Conclusions 

International science collaboration and science diplomacy will be ever more impor-
tant in the future and as a result, we, scientists, diplomats and policy makers, need to 
continue to invest to preserve an open and collaborative global research ecosystem. 
This author believes that the two most important components of that open global 
research ecosystem for the US are and will continue to be that we continue to 
welcome scholars from around the globe to study, learn and contribute, and that, 
to the maximum extent possible, we keep the products of fundamental research open 
and unrestricted. 

It is a pleasure to acknowledge the organizers and participants of the XXIII Amaldi 
Conference for stimulating discussions and thoughtful presentations. I would also 
like to thank colleagues Norbert Holtkamp, Kam Moler, Micah Lowenthal, Saurabh 
Anand and Raymond Jeanloz, all of whom, contributed to the framing of this paper. 
The opinions expressed and any factual inaccuracies are mine alone. 
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Chapter 18 
Nuclear Risks Today 

Paolo Cotta-Ramusino 

18.1 Concluding Remarks 

Today, we face serious conflicts involving states that possess nuclear weapons. 
The Russian—Ukrainian conflict began with the Russian invasion of the Crimea 

and, most importantly, with the full-scale invasion of Ukraine on 22 February 2022. 
There were, of course, prior tensions between Russia and Ukraine. In February 2014, 
the pro-Russian Ukrainian President Yanukovych was forced to leave Ukraine and 
was replaced by Poroshenko, followed later by Zelensky. According to UN data, 
approximately 14,200 people were killed in Ukraine before 2022 during internal 
fighting between pro-Russian separatist forces and Ukrainian troops in the Donetsk 
and Luhansk regions, including 3400 civilians. 

It is also important to recall that in 1990–1991 there was an explicit agreement to 
limit NATO’s expansion to the only territory of former East Germany. This agreement 
was widely violated: in 1999, Poland, Hungary, and the Czech Republic joined 
NATO, followed by Bulgaria, Estonia, Latvia, Lithuania, Romania, Slovakia, and 
Slovenia before 2004. Later, Albania, Croatia, Montenegro, and North Macedonia 
also joined before 2020, and after Russia’s 2022 invasion of Ukraine, Finland and 
Sweden became members. NATO’s expansion contributed significantly to Russia’s 
sense of isolation and external pressure. It should be emphasized, however, that these 
historical factors do not justify Russia’s invasion, which remains a clear violation 
of international law. The purpose of this discussion is to better understand Russia’s 
motivations in order to explore possible pathways to peace. 

The number of casualties in the war following February 2022 is highly uncertain. 
Civilian deaths are estimated at around 15,000, with more than 34,000 civilians 
injured, while total military casualties—both dead and wounded—may exceed one 
million.
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The nuclear risks associated with the Russian-Ukrainian war stem from the 
involvement of nuclear-armed states on both sides—Russia and NATO- which 
have been supporting the conflict for well over three years. Attempts to nego-
tiate a ceasefire have so far failed. Ukraine is de facto permitted to use weapons 
supplied by the Western alliance to target sites inside Russian territory, including 
military installations, while Russia continues to strike Ukrainian territory, causing 
numerous civilian casualties. Recent Ukrainian attacks on Russian nuclear-capable 
bombers and Russia’s retaliatory bombings in Ukraine have exacerbated the situ-
ation, leading to increasingly severe consequences for civilian life. Then there is 
the problem of (allegedly) Russian drones and of missiles launched against Western 
countries. Several drones and missiles have also been launched into Russian territory, 
particularly in the Belgorod region. 

Arms control agreements are also under severe strain. Most direct inspections and 
exchange of information regarding the number and deployment of nuclear weapons, 
held by the two major powers are no longer taking place. There has also been discus-
sion in Russia about the possible use of nuclear weapons if Russian territory comes 
under a serious attack. Moreover, there have been recent suggestions that Russia 
may resume nuclear testing. The only remaining arms control agreement is the New 
START Treaty, which limits U.S. and Russian nuclear forces to 1550 deployed 
warheads and 700 deployed strategic launchers on each side. This treaty is set to 
expire on 5 February 2026. Russia recently declared that it is prepared to continue 
observing the “central quantitative limits” for one additional year, provided that the 
US agrees to do the same. 

In conclusion, despite the significant efforts made over the past decades to reduce 
the total number of nuclear weapons in the U.S. and Russian arsenals—from about 
70,000 in the 1970s to fewer than 11,000 today –nuclear risks are arguably higher 
now than in the recent past. The current U.S. administration may attempt to mitigate 
nuclear risks associated with the Russian-Ukrainian war, but it remains to be seen 
how the situation will evolve. 

18.2 The Conflict in the Middle East after 7 October 2023 

This conflict is also highly relevant from the standpoint of nuclear risks, since 
Israel possesses nuclear weapons and Iran could acquire them in a relatively short 
period, potentially abandoning all remaining aspects of the former JCPOA agree-
ment. Israel, with U.S. support, has reportedly attacked certain nuclear facilities in 
Iran. The conflict in Middle East has expanded dramatically. It began as a confronta-
tion between Hamas and Israel but has since drawn in the entire population of Gaza, 
the West Bank, Iran, Lebanon and the Houthi-controlled regions, and more recently, 
areas in Syria and Iraq. So far, the direct exchange of fire between Israel and Iran 
have remained relatively contained, but it is uncertain whether this situation will 
continue. Additionally, regions in Iraq suspected the harboring PKK support have 
recently been targeted by Turkey. The number of casualties and deaths across the
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region is staggering. Approximately 70,000 people have been killed in Gaza—most 
of them civilians, including many women and children. Some people in Gaza have 
reportedly died from starvation. Many UN personnel, including doctors and nurses 
assisting wounded civilians, have also been also killed. Around 3500 people have 
recently been killed in Lebanon. In Israel, about 1200–1300 people were killed on 7 
October. More than 1000 people have also been killed in the West Bank. The destruc-
tion of buildings and civilian infrastructure has been immense, particularly in Gaza 
but also in the West Bank and Lebanon. Although a ceasefire in Gaza has now been 
declared, even if it is fully implemented, the enormous challenges of reconstructing 
the devastated Gaza Strip and, above all, establishing a viable Palestinian state will 
still need to be addressed. 

In any case, from the standpoint of nuclear risks, as mentioned earlier, the rela-
tionship between Israel and Iran remains one of the key issues to consider. Naturally, 
this relationship is deeply influenced by the broader regional conflicts. There have 
been Israeli attacks, as well as limited American strikes, on Iranian nuclear facili-
ties. These actions have not deterred Iran from pursuing nuclear enrichment—on the 
contrary, they have had the opposite effect. The ability to develop nuclear enrich-
ment has become a matter of national pride for Iran and a symbol of capacity to 
resist external pressure. In the past, there was some discussion in the U.S. about 
reaching an agreement with Iran, and it is still possible that such an agreement might 
be developed in the future—though this remains to be seen. One of the central issues 
is whether Iran should be allowed to pursue uranium enrichment for the declared 
purpose of producing nuclear energy for peaceful uses. In any case, such enrichment 
should be firmly monitored by the International Atomic Energy Agency (IAEA). It 
is well known that enriching uranium to 3.5% represents roughly halfway toward 
enrichment to 90%. However, the Non-Proliferation Treaty (NPT) explicitly states 
that its member states have the right to develop civilian nuclear energy. Let us hope 
that a possible solution to this complex issue will be found in the near future. Unfortu-
nately, the European Council has recently agreed to reimpose a number of restrictive 
measures related to Iran’s nuclear activities, which had previously been suspended 
with the entry into force of the Joint Comprehensive Plan of Action (JCPOA)—the 
so-called “Iran nuclear deal”—through the snapback mechanism. 

18.3 The India—Pakistan Antagonism and Nuclear 
Weapons 

Both India and Pakistan possess nuclear weapons, estimated roughly 170 each. In 
recent years, public attention has somewhat waned regarding the nuclear risks asso-
ciated with these two countries. However, following the terrorist attack in Kashmir, 
tensions between India and Pakistan escalated dramatically. A substantial number of 
nuclear weapons remain in the hands of these two rival nations, and the possibility 
of a direct conflict between them, unfortunately, cannot be excluded. Pakistan has
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never adopted a no first use policy, while India, for some time, claimed that it would 
never be the first to use nuclear weapons. However, this Indian stance is now report-
edly under reconsideration. Meanwhile, Pakistan’s internal situation remains highly 
fragile and unstable. 

18.4 China and the Taiwan Issue 

China has become the third-largest nuclear power, reportedly possessing around 600 
nuclear weapons—a number that appears to be steadily increasing. Although China 
maintains a formal no first use policy, it is currently the only country expanding 
its nuclear arsenal. Beijing’s pressure on Taiwan for “reunification” has intensified 
compared to the past. While the possibility of Chinese military intervention in Taiwan 
has attacked some attention, it does not yet appear to be among the world’s most 
urgent international concerns. This is likely because other major conflicts involving 
nuclear-armed states are currently dominating the global agenda. If China were to 
exert stronger or even direct military pressure on Taiwan, it remains uncertain how 
countries such as the United States—which provided significant support to Taiwan— 
would respond. Major powers like Russia, which heavily depend on their alliance 
with China, would most likely refrain from exerting any serious pressure on Beijing. 
Overall, the situation could become extremely dangerous. 

18.5 The Situation in the Korean Peninsula 

It is well known that North Korea (the DPKR) possesses nuclear weapons—around 
30 or more. North Korea has now openly supported Russia in the war against Ukraine, 
reportedly sending troops to assist Russian military operations. This has strength-
ened the Russia-DPRK alliance. In the event of a conflict involving North Korea, 
South Korea or other countries, the implications for nuclear risks would be highly 
significant. 

Concerning nuclear risks, it should also be pointed out: 

(a) When the global situation becomes more critical and unstable, some countries 
may see such conditions as opportunities to advance their own specific interests. 
Consequently, conflicts may trigger the development of new conflicts, further 
increasing nuclear risks or even promoting nuclear proliferation. 

(b) In today’s world, political leaders increasingly view popular support as a crucial 
instrument for maintaining power. As a result, the consequences of their actions 
for global stability risk becoming less relevant than the domestic approval they 
can secure—or believe they can secure. This applies, for example, to Netanyahu, 
Putin, and the U.S. President. By contrast, during the Cuban Missile Crisis,



18 Nuclear Risks Today 177

leaders such as Khrushchev and Kennedy focused more on containing the global 
nuclear risks than on preserving their own political positions. 

(c) It is very important that the scientific communities cooperate internationally 
to advise political leaders about the catastrophic consequences of nuclear 
explosions and the urgent need to minimize the risk of a nuclear war. 

(d) Let us once again emphasize a crucial point: when wars occur between states 
that possess nuclear weapons, the probability that nuclear arms might eventually 
be used must be taken with the utmost seriousness. Every possible effort should 
therefore be made to bring those states to a ceasefire and to negotiate a workable, 
lasting agreement. 
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