The Role of Artificial Intelligence in Nuclear Command and Control Systems

Artificial Intelligence (Al) is rapidly changing the military decision-making process, especially in
its use in Nuclear Command, Control, and Communications (NC3) systems. With this
technology, states will use the capability of fast-ramping Al integrated into early warnings, threat
detections, and strategic assessments to perform analysis work on big sets of data in real time.
While Al surveillance and decision-support systems can improve the accuracy of nuclear
deterrence as well as the speed at which decisions can be made, they also present the risks
that were previously unknown. The problem of automation bias, miscalculations in the logic of
algorithms, and cyber vulnerabilities raise serious questions about whether Al should play a role
in nuclear decision-making processes. The famous 1983 incident in which Soviet officer
Stanislav Petrov averted an incorrect nuclear retaliation based on a faulty automated alert is an
example of the dangers of over-dependence on automation in the high-stakes environment. If Al
were to take on more autonomous operations in nuclear operations, could it make the same
human judgment?

This article deals with Al's integration into NC3 systems, delineating both its strategic
advantages and any connected risks. It examines cybersecurity, the risks of inadvertent
escalation, and the ethical factors of human oversight in nuclear decision-making. As Al warfare
develops, world powers must establish clear guidelines to balance advantages with insecurity
concern. The future course of nuclear strategy Al will be directed by the governance framework
put together to ensure that the measures have valued human control, transparency, and
cybersecurity in accidents that end with total disaster.

Integration of Artificial Intelligence in Nuclear Command and Control

The application of Al is increasing significantly in nuclear systems with respect to early warning
and threat detection. Al-driven systems aggregate vast, multi-source data and pull information
such as satellite images, radar signals, and cyber threat indications to allow military decision-
makers to obtain real-time intelligence. Such Al operational surveillance systems could quite
literally hasten decision-making time and lower the chances of false consciousness. For
instance, both the United States Strategic Command (USSTRATCOM) and Russia's Perimeter
System, also popularly called the 'Dead Hand', boast some form of automated elements as
meaningful measures to maintain readiness in the nuclear sphere. However, in history,
incidents have thrown more light on the perils of excessive faith in automated decision-making.
Soviet systems wrongly reported the Soviet Union being under a nuclear attack in 1983. It set
the clock ticking toward a retaliatory nuclear attack, which would have been initiated but for the
acute judgement of Stanislav Petrov, a Soviet officer who had full command of the situation, the
crisis was averted when he chose not to escalate it. The question will be whether Al would have
acted in the same manner as a human during such a situation? Critics quickly point out this
main difference—Al cannot spot political and strategic nuances, which human decision-makers
tend to draw upon before ordering a nuclear retaliatory strike. The decision-support systems
using Al are designed and operated like adversaries with an objective to predict their behaviour.
Through machine learning algorithms, these systems allow policymakers to exercise more
judgment on war scenarios by modeling possible escalation scenarios. Al would also suggest
what would be the most effective deterrence strategy in a given scenario, based on the
assessment of historical conflicts, current geopolitical tensions, and adversary military posture.
In a paradoxical twist, such an ability to predict a winner or loser brings us to another paradox—
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is the involvement of Alin nuclear deterrence reducing uncertainty, or does it make the
adversary even more unpredictable? If states are confident that Al will correctly predict their
move, they might take up aggressive or deceptive stances to bait the Al decision-

making models. Nonetheless, posing uncertainties, Al is still central to the data communication
and cybersecurity systems in and around the nuclear architecture. With the rise of cyber threats
on nuclear command systems, even Al-based cybersecurity should be able to prevent breaches
from having any real effect on nuclear deterrence. Real-time monitoring, evaluation, and
consequent action against cyberattack attempts are the essential ingredients to ensure NC3’s
resilience against possible adversaries out to disrupt command networks.

Risks and Strategic Challenges of Artificial Intelligence in Nuclear Command and Control

Al could improve the functioning of nuclear systems and their protection.

Nevertheless, integrating Al into nuclear command authority systems entails a number

of strategic risks and challenges—inadvertent escalation, unnoticed algorithmic bias,
cybersecurity threats, and loss of human control over nuclear decision-making. Al may indeed
be double-edged—a threat or a blessing that provides an analysis instantaneously and a
response in a very short time span. An Al-based early warning system that incorrectly interprets
data, for example determining that a routine military manoeuvre looks like an imminent nuclear
attack, may set off chain reactions going towards preemptive retaliation in the wrong
circumstances. While human brains do have some contextual understanding, emotional
intelligence, and diplomatic reasoning that have historically bailed us out of nuclear conflicts,
Al without them would do no such thing. In addition, because of the speed of decision

making exercised by Al, it creates a ‘Use-it-or-lose-it’ condition. As such, nuclear-armed states
that believe Al systems provide their adversaries with first-strike advantages may come under
pressure to launch preemptive strikes before their own capabilities are compromised. Thus,
with regard to these situations, the danger may be brinkmanship, as nations may err in favor of
aggression rather than prove right once more through additional verification.

Cybersecurity and Artificial Intelligence Vulnerabilities

Al-driven nuclear command systems are indeed vulnerable to cyber intrusions, manipulation of
data, and attacks by rival Al systems. Such an adversary can hack such an Al-powered NC3 for
misinformation insertion, disrupt communications, or even trigger an unauthorised launch
sequence. Given the advancing cyber warfare capabilities, integrity and security of Al-based
nuclear systems have come to the forefront of serious and pertinent consideration. Deep
learning models are used in Al-based threat assessments and are reliant on training data to
enhance their performance. If an enemy injects false information into the dataset, they can
create distorted threat perceptions in Al that will mislead the eventual reaction. Most
importantly, channeled through big data and cloud computing, cyber spying is often on inflated
proportion—anyone who has anyone of these large and sensitive nuclear targets can be easily
tracked.

Challenge of Human Oversight

The weighty part of decision making by Al raises ethical and strategic dimensions for the role of
judgment in nuclear operations. Should Al be enabled to independently assess threats and
launch nuclear weapons, or do we still want some human input somewhere along the chain to

guide the ultimate decision as to whether or not nuclear weapons are to be used? Some military
strategists advocate for human control to be retained as the final checkpoint for nuclear


https://mwi.westpoint.edu/rethinking-nuclear-deterrence-in-the-age-of-artificial-intelligence/
https://thebulletin.org/2023/07/artificial-escalation-imagining-the-future-of-nuclear-risk/
https://thebulletin.org/2023/07/artificial-escalation-imagining-the-future-of-nuclear-risk/
https://warontherocks.com/2020/01/ai-cyberspace-and-nuclear-weapons/
https://www.iaea.org/bulletin/how-artificial-intelligence-will-change-information-and-computer-security-in-the-nuclear-world
https://europeanleadershipnetwork.org/wp-content/uploads/2024/07/24_07_11_12233A_ELN_2TN_version2_TP_EK-1.pdf
https://unidir.org/wp-content/uploads/2023/10/UNIDIR_AI-international-security_understanding_risks_paving_the_path_for_confidence_building_measures.pdf
https://futureoflife.org/wp-content/uploads/2023/07/FLI_AI_NC3_Policy_Primer.pdf
https://www.vox.com/2018/9/26/17905796/nuclear-war-1983-stanislav-petrov-soviet-union
https://www.vox.com/2018/9/26/17905796/nuclear-war-1983-stanislav-petrov-soviet-union
https://warontherocks.com/2023/09/nuclear-brinkmanship-in-ai-enabled-warfare-a-dangerous-algorithmic-game-of-chicken/
https://warontherocks.com/2023/09/nuclear-brinkmanship-in-ai-enabled-warfare-a-dangerous-algorithmic-game-of-chicken/
https://www.airuniversity.af.edu/Portals/10/SSQ/documents/Volume-14_Issue-1/Johnson.pdf
https://europeanleadershipnetwork.org/commentary/navigating-cyber-vulnerabilities-in-ai-enabled-military-systems/
https://mwi.westpoint.edu/artificial-intelligence-autonomy-and-the-risk-of-catalytic-nuclear-war/
https://mwi.westpoint.edu/artificial-intelligence-autonomy-and-the-risk-of-catalytic-nuclear-war/
https://www.researchgate.net/post/How_can_deep_learning_models_improve_anomaly_detection_for_enhancing_cloud_security_against_sophisticated_cyber_threats
https://www.europeanleadershipnetwork.org/wp-content/uploads/2023/11/AVC-Final-Report_online-version.pdf
https://www.orfonline.org/expert-speak/integrating-ai-in-nuclear-security-challenges-and-ethical-considerations
https://www.orfonline.org/expert-speak/integrating-ai-in-nuclear-security-challenges-and-ethical-considerations
https://www.reuters.com/world/biden-xi-agreed-that-humans-not-ai-should-control-nuclear-weapons-white-house-2024-11-16/

decisions. Yet, the nagging fear grows that with more potent and accurate Als, an operator
would under-write an action-too-often due to automation bias. A major risk is the black

box problem is that Al systems often work in ways that are not fully clear and would be clear to
their users. If military decision-makers cannot completely grasp how an Al system derives its
recommendations, then judging the accuracy of an Al-suggested threat assessment could be
difficult. If nuclear escalation came under the thumb of Al, such an unreliability would ignite
earnest debates about accountability.

Future of Artificial Intelligence in Nuclear Strategy and Policy Recommendations

As Al evolves, any nuclear-armed state should develop a comprehensive strategy to mitigate
risks during Al integration into NC3 systems. Here are several policy recommendations to affirm
that Al will strengthen nuclear security rather than undermine it:

¢ Maintaining Human Oversight. The ultimate authority and the right to defer or deny the
issuance of acommand for a nuclear attack or order a nuclear strike should lie with
humans. In any case concerning the children's future or their right to defend their
liberties, hopefully, full attention will be given to the human-in-a-loop model of decision-
making principles. States must lay down the ground rules to avert excessive reliance on
Al

¢ Strengthening Al Transparency and Explainability. Governments should invest in
explainable Al research so that Al-driven commanding will remain accountable or
trustworthy. The Al used in nuclear command systems, therefore, should be structured
in such a way that it delivers succinct advice to allow operators to examine and confirm
Al-generated intelligence.

e Enhancing Al Cybersecurity Measures. Al-based nuclear command systems also need
considerable defence against cyber threats. These include secure air-gapped
networks and zero-trust security models, plus frequent and random regular stress
testing of these systems to deal with the vulnerabilities. Moreover, states must create an
international norm for the Al cybersecurity space of nuclear-command infrastructure.
For all the risks posed by Al in nuclear decision-making, global powers should consider
negotiating an arms control treaty that is dedicated to Al. These treaties could impose
limits on Al autonomy built into NC3 systems, measures for transparency of use of Al in
nuclear deterrence, and provide protocols for crisis communication to avert any kinds of
miscalculations with the involvement of Al.

Conclusion

An important upside to Al comes with certain downsides for nuclear command and control
systems. Unforeseen threats could perhaps be detected, assessed, and countered with the
assistance of Al, while simultaneously introducing new vulnerabilities—cyber threats,
automation biases introduced through interaction between humans and machines, and
potential for miscalculation—with an edge toward accidental escalation. To the very least, to
ensure global nuclear stability, states must adopt policies that put a premium on human
oversight, Al transparency, strong cybersecurity, and security independence agreements
between parties. At the end of the day, Al should be the instrument for strategic stability littered
with every threat, except the human aspect of direct escalation into nuclear confrontation.
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Using responsible Al governance frameworks will ensure that the global stage amplifies nuclear
security rather than undermining it.
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