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    To the hibakusha — the survivors of Hiroshima and Nagasaki — whose scars are the only empirical testimony of what nuclear weapons do to human beings.

To every child born beneath the shadow of the atom, in Hiroshima, in Nagasaki, in Semipalatinsk, in the Marshall Islands,and in every silent corner of the earth where fallout settled and memory was forbidden.

To the scholars, scientists, and statesmen who have devoted their lives to ensuring that the fire unleashed in August 1945is never kindled again.

And to the ninety-three million people of Iran — civilians, families, dreamers — who, like all of humanity, deserve a world free from the calculus of annihilation.

This work is offered not as a provocation, but as a warning.

 Dr. Naim Tahir Baig

      

    



  	
        
            
            "The atom does not distinguish between islands and continents, between the just and the unjust, between the soldier and the child. But geography decides where the poison settles, where the wind carries the ash, and how many nations inherit the sorrow of one.

We studied Hiroshima so that we might understand suffering. We must study what comes next so that we might prevent it. For the ocean that absorbed Japan's fallout will not rise to shield the plateaus of the Middle East — and the silence after the flash will echo across seven borders."

 — Dr. Naim Tahir Baig
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PREFACE
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By Dr. Naim Tahir Baig

Author of 140+ Internationally Published Books on International Relations, Security & Strategic Studies

The decision to write this book arose not from intellectual curiosity alone, but from a deepening sense of moral urgency. In the three decades I have spent studying international relations, nuclear deterrence theory, and the architecture of global security, I have observed a troubling paradox: the very weapons whose destructive power should compel their abolition have instead become instruments of political bargaining, diplomatic leverage, and strategic posturing. Somewhere between the megatonnage calculations and the missile throw-weight comparisons, we have lost sight of the human dimension of nuclear violence—the flesh that burns, the water that poisons, the generations that suffer in silence.

This book is my attempt to reclaim that dimension through the discipline of rigorous comparative analysis. It places side by side the only historical instance of nuclear weapons use in warfare—the atomic bombings of Hiroshima and Nagasaki in August 1945—against a meticulously modelled hypothetical scenario involving the Islamic Republic of Iran. The comparison is not arbitrary. It is structured around a central geographic thesis that I believe has been profoundly underappreciated in the existing nuclear strategy literature: that the physical, environmental, demographic, economic, and geopolitical consequences of a nuclear detonation are fundamentally shaped by the geography of the target.

Japan in 1945 was an island archipelago. Its surrounding ocean acted as a buffer, absorbing and diluting radioactive fallout, containing the displacement of populations within its own borders, and insulating the wider region from the worst environmental consequences. Iran, by contrast, is a vast continental plateau—bordered by seven sovereign nations, traversed by prevailing wind systems that carry particulate matter across thousands of kilometres, underlain by irreplaceable aquifer systems upon which tens of millions depend for agriculture and drinking water, and integrated into the global energy economy through the Strait of Hormuz, one of the most strategically consequential chokepoints on earth. The same category of weapon detonated on these two fundamentally different geographies produces not merely a different scale of destruction, but an entirely different architecture of catastrophe.

My engagement with nuclear studies began during my doctoral research in international relations, where I examined the changing security dynamics that shaped the power imbalance between India and Pakistan in the post-Cold War era—a region where nuclear weapons are not abstract strategic concepts but lived realities embedded in the daily calculus of national survival. Since then, I have published extensively on subjects ranging from South Asian security architecture and Middle Eastern geopolitics to arms control regimes, intelligence studies, and the evolving nature of great power competition. Works such as Operation Rising Lion: Israel’s Strike on Iran’s Nuclear Program, Fractional Orbital Bombardment: China’s Space-Based Nuclear Deterrent and the Future of Strategic Competition, Nuclear Weapons in Space, and International Relations from a Pakistani Perspective have each sought to illuminate different facets of the global security landscape. This present volume represents the convergence of these varied intellectual threads into what I consider my most consequential work to date.

I must state with the utmost clarity what this book does not do. It does not advocate for, normalise, or endorse nuclear warfare under any circumstances. It does not serve as a targeting manual, a strategic blueprint, or a provocation. The hypothetical scenario modelled in these pages is precisely that—hypothetical—and is constructed solely to demonstrate the catastrophic consequences that would follow from such an act, thereby strengthening the case for disarmament and abolition. Every data point, casualty estimate, and environmental projection in this work is drawn from peer-reviewed scientific literature, declassified government reports, established nuclear modelling tools such as NUKEMAP and HPAC, and the longitudinal datasets maintained by institutions including the Radiation Effects Research Foundation and the United Nations Scientific Committee on the Effects of Atomic Radiation.

The structure of the book reflects the layered nature of nuclear consequences. We begin with the immediate physics of detonation—blast, thermal radiation, and prompt nuclear radiation—before moving outward through radioactive fallout and atmospheric dispersion, radiation sickness and long-term health effects, environmental and ecological devastation, petroleum infrastructure destruction and global economic shockwaves, mass displacement and refugee crises, geopolitical escalation pathways, and planetary-scale climate effects including nuclear winter and ozone depletion. At every stage, the comparison between Japan’s island geography and Iran’s continental plateau geography reveals how location transforms consequence. The fallout that dispersed harmlessly over the Pacific in 1945 would, in an Iranian scenario, contaminate the soil, water, and air of seven neighbouring countries. The displacement that was absorbed internally by Japanese rural communities would, in Iran’s case, produce a refugee crisis several times larger than the Syrian catastrophe. The economic disruption that was negligible in 1945 would, if Iran’s oil infrastructure were struck, trigger a global recession of historic proportions.

I have endeavoured throughout this work to maintain the highest standards of scholarly rigour while ensuring accessibility to the non-specialist reader. Nuclear strategy has for too long been the preserve of a narrow community of defence intellectuals and government planners. The consequences of their decisions, however, belong to all of humanity. I believe that only through the widest possible understanding of what nuclear weapons actually do—not in the abstract language of deterrence theory, but in the concrete realities of blast radii, radiation doses, crop yield reductions, and refugee flows—can citizens, policymakers, and leaders make informed choices about the future of these weapons.

I invite scrutiny, debate, and criticism. This is how scholarship advances. If this book prompts even a single reader to reconsider the assumption that nuclear weapons make the world safer, it will have served its purpose. If it contributes, however modestly, to the growing global movement toward nuclear abolition, I will consider it the most important work of my career.

I wish to express my gratitude to the scholars and institutions whose research made this work possible: the Radiation Effects Research Foundation in Hiroshima, the Federation of American Scientists, the Bulletin of the Atomic Scientists, the International Campaign to Abolish Nuclear Weapons, and the numerous colleagues and reviewers who offered their expertise at various stages of this manuscript. I am also grateful to my family, whose patience during the long months of writing was a kindness I do not take for granted.

Dr. Naim Tahir Baig

Pakistan, 2026
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CHAPTER 1

The Unthinkable Calculus:

Why Compare Japan and Iran?
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“The atom bomb was no ‘great decision.’ It was merely another powerful weapon in the arsenal of righteousness.”

— Harry S. Truman, 1948

––––––––
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There are questions that civilisations prefer not to ask — not because the answers are unavailable, but because the asking itself demands a confrontation with truths too uncomfortable to sustain. The question at the heart of this book is one such. What would a nuclear weapon do to Iran? Not as a policy prescription, not as a strategic recommendation, but as an empirical reckoning with consequence — an honest accounting of destruction that only the comparative method can fully reveal. To ask it properly, one must first stand in Hiroshima.

On the morning of 6 August 1945, at 8:15 a.m. local time, a United States Army Air Forces B-29 Superfortress named Enola Gay released a uranium gun-assembly fission bomb, code-named Little Boy, over the city of Hiroshima on the Japanese island of Honshū. The weapon detonated at an altitude of approximately 600 metres above the Shima Hospital, generating a fireball whose surface temperature exceeded several thousand degrees Celsius. The explosive yield has been established by subsequent analysis at approximately 15 kilotons of TNT equivalent. According to the United States Strategic Bombing Survey, between 70,000 and 80,000 people died immediately or within hours. By the end of 1945, the death toll had surpassed 100,000.¹

Three days later, on 9 August 1945, a plutonium implosion device code-named Fat Man detonated at approximately 503 metres above Nagasaki, yielding approximately 21 kilotons. Approximately 40,000 people died immediately; estimates of deaths by the end of 1945 reach 80,000, a lower toll than Hiroshima partly attributable to Nagasaki’s Urakami Valley topography, which channelled the blast and shielded parts of the city.² These remain the only two occasions in the recorded history of warfare when nuclear weapons have been employed against populated cities. They are, in the most literal sense, the only empirical ground truth available to the analyst of nuclear effects.

Yet the empirical utility of Hiroshima and Nagasaki as analytical baselines has always been constrained by a factor that receives remarkably little systematic attention in the strategic literature: geography. Japan is an island nation. The bombs fell on cities flanked by open ocean and encircled by the vast buffer of the Pacific. Fallout dispersed across water. Displaced populations could not cross international land borders. No nuclear-armed state shared a frontier with Japan. The geopolitical consequences, though historically transformative, were contained within a world in which only one power possessed atomic weapons. That world no longer exists.

The Islamic Republic of Iran occupies a position as geographically, demographically, and geopolitically distinct from imperial Japan as it is possible to imagine. It is a continental plateau state of 1,648,195 square kilometres, sharing land borders with seven sovereign states. Its interior sits above deep alluvial aquifers that supply the greater part of its agricultural water. Its petroleum infrastructure constitutes one of the most consequential nodes in the global energy supply chain. Its population of approximately 90 million people is concentrated in high-density urban centres. Its prevailing wind systems would carry radioactive fallout not into an empty ocean, but across densely populated territories from Baghdad to Islamabad.

This opening chapter establishes the intellectual architecture of the study that follows. It explains why the Japan–Iran comparison is not merely defensible but analytically indispensable; it traces the historical and strategic context that makes the Iranian nuclear question the most consequential proliferation crisis of the early twenty-first century; and it introduces the book’s central geographical thesis: that the physical environment of a nuclear detonation is the most underappreciated variable in the entire literature of nuclear effects analysis.
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I. THE HISTORICAL MANDATE: HIROSHIMA AND NAGASAKI AS BASELINE DATA
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The decision to employ atomic weapons against Japan was not a spontaneous act. It emerged from a convergence of scientific ambition, military exigency, and political calculation that had been building since the theoretical possibility of fission weapons was demonstrated in laboratories in Copenhagen, Berlin, and New York in the late 1930s. The Manhattan Project, formally authorised in August 1942 under the administrative control of Brigadier General Leslie R. Groves and the scientific direction of J. Robert Oppenheimer at Los Alamos, represented an unprecedented mobilisation of industrial and intellectual resources in the service of a single strategic objective.

Richard Rhodes’s Pulitzer Prize-winning account of the Manhattan Project documents with exhaustive precision how the scientific journey from theoretical physics to deployable weapon was compressed, through extraordinary institutional pressure, from what might have required a generation of peacetime research into less than four years.³ By the spring of 1945, with Germany defeated and Japan’s conventional military position increasingly untenable under American strategic bombing and naval blockade, the weapons programme’s original rationale — racing Nazi Germany to the bomb — had dissolved. Yet the institutional and financial momentum of a four-year project employing over 130,000 people across thirty-seven facilities was not easily arrested.

The casualty projections for a conventional invasion of the Japanese home islands, designated Operation Downfall, were sobering. Historian Barton J. Bernstein has documented the range of wartime military estimates, which varied considerably: some planners estimated tens of thousands of American deaths for the initial Kyushu landing (Operation Olympic), while others projected far higher figures for the full campaign.⁴ The Interim Committee, chaired by Secretary of War Henry L. Stimson and including scientific advisors Arthur H. Compton and James B. Conant, considered alternative approaches including a prior demonstration detonation over an uninhabited area, before recommending direct use against Japanese cities without advance warning. The committee’s deliberations, subsequently declassified, reveal the moral complexity that would haunt the decision’s legacy for eight decades.

The Weapons: Design, Yield, and Delivery

The two weapons deployed against Japan belonged to the first generation of nuclear devices — pure fission weapons whose designs and yields have since been made obsolete by several orders of magnitude of thermonuclear development. Understanding their specifications is essential both as historical baseline and as the point of departure for grasping the magnitude of modern arsenals.

Little Boy was a gun-type uranium-235 assembly in which a propellant charge drove a sub-critical uranium projectile along a barrel into a target uranium mass, initiating supercriticality and fission chain reaction. It required approximately 64 kilograms of highly enriched uranium. The design was mechanically straightforward — so confident were Manhattan Project scientists of its reliability that it was the only atomic weapon in history deployed without a prior full-scale test — yet it was extraordinarily inefficient: the Atomic Heritage Foundation has confirmed that only approximately 1.38 per cent of the uranium fuel actually fissioned before the device disassembled itself.⁵ The yield of approximately 15 kilotons of TNT equivalent has been established through post-war analysis by the United States Strategic Bombing Survey and subsequent scientific assessments, which place the figure within a range of 12 to 18 kilotons.

Fat Man employed the more sophisticated and materially efficient plutonium implosion design, in which precisely configured high-explosive lenses compressed a sub-critical plutonium-239 core to supercriticality. The design was sufficiently complex and novel that a full-scale test — the Trinity detonation of 16 July 1945 at the Alamogordo Bombing and Gunnery Range in New Mexico — was deemed essential before operational deployment. Fat Man’s yield of approximately 21 kilotons represented a forty per cent improvement over Little Boy despite consuming substantially less fissile material.⁶ Both weapons were delivered as airbursts, the altitude of detonation chosen to maximise the lateral extent of the blast wave across the flat urban terrain of Hiroshima and the valley of Nagasaki, respectively.

Figure 1.1 — Nuclear Weapon Specifications: 1945 and Modern Arsenal Comparators



	Weapon

	Type / Fissile Material

	Yield

	Detonation Altitude over Target





	Little Boy (Hiroshima, 6 Aug 1945)

	Gun-type / Uranium-235

	~15 kt TNT equivalent

	600 m (1,968 ft) — airburst




	Fat Man (Nagasaki, 9 Aug 1945)

	Implosion / Plutonium-239

	~21 kt TNT equivalent

	503 m (1,650 ft) — airburst




	Modern B61-12 (NATO, dial-a-yield)

	Thermonuclear / staged fission-fusion

	0.3–50 kt (selectable)

	Variable; precision-guided (CEP ~30 m)




	W87-1 (Sentinel ICBM warhead, USA)

	Thermonuclear

	~475 kt

	Variable by targeting parameters






Sources: Atomic Heritage Foundation; Wikipedia / United States Strategic Bombing Survey; Hans M. Kristensen and Matt Korda, 'Nuclear Notebook,' Bulletin of the Atomic Scientists (2023); Federation of American Scientists, Status of World Nuclear Forces (2024). Yield figures for Little Boy and Fat Man reflect the consensus scholarly range; exact yields remain subject to a documented margin of error. Modern weapon yields are drawn from declassified US Department of Defense figures.



The Life Span Study: Nuclear Effects as Empirical Science

The most consequential scientific legacy of Hiroshima and Nagasaki is not the weapons themselves but the long-term health records of the survivors. Beginning in 1950, the Atomic Bomb Casualty Commission — established by the United States National Academy of Sciences and later reorganised as the joint US–Japan Radiation Effects Research Foundation (RERF) in 1975 — enrolled approximately 120,000 subjects drawn from residents of Hiroshima and Nagasaki identified through the national census: approximately 94,000 atomic bomb survivors and 27,000 unexposed controls.⁷ This cohort, known as the Life Span Study (LSS), constitutes what the United States National Research Council’s BEIR VII report characterises as ‘the single most important source of data for evaluating risks of radiation’ at low and moderate doses.⁸

The LSS has generated more than a thousand peer-reviewed publications over more than seven decades of continuous follow-up. Its principal findings — elevated rates of leukaemia peaking in the decade following exposure, followed by a sustained and lifelong elevation of solid cancer incidence across multiple organ systems — have become the empirical foundation of virtually all international radiation protection standards. They underpin the linear no-threshold model of the International Commission on Radiological Protection and inform the dose-response parameters embedded in regulatory frameworks from the United States Nuclear Regulatory Commission to the European Atomic Energy Community.

The hibakusha — the Japanese term for atomic bomb survivors, literally ‘those who have been exposed to the bomb’ — occupy an extraordinary position in the history of science: they are simultaneously the victims of history’s most destructive act of deliberate state violence and the source of the empirical data on which global nuclear safety policy continues to depend. The RERF has maintained an exceptionally low rate of loss to follow-up — just 0.07 per cent of the study population — making the LSS the most complete long-term cohort study in the history of radiation epidemiology.⁹

Figure 1.2 — The Life Span Study: Eight Decades of Verified Radiation Epidemiology



	Year

	LSS / RERF Research Milestone





	1945

	Atomic Bomb Casualty Commission (ABCC) established by the United States National Academy of Sciences; begins clinical documentation of survivors.




	1950

	Life Span Study (LSS) formally initiated; cohort of approximately 120,000 individuals enrolled — approximately 94,000 atomic bomb survivors and 27,000 unexposed controls (RERF, rerf.or.jp).




	1956

	First LSS reports document elevated leukaemia mortality in proximal survivors; foundational evidence for radiation-induced cancer.




	1975

	ABCC reorganised as the Radiation Effects Research Foundation (RERF), a joint US–Japan institution funded by the Japanese Ministry of Health and the US Department of Energy.




	1986

	Dosimetry System DS86 adopted, enabling individual dose reconstruction based on survivor location and shielding at time of bombing.




	2006

	US National Research Council BEIR VII Phase 2 report published, synthesising LSS findings into formal cancer risk estimates underpinning international radiation protection standards.




	2012

	Ozasa et al. publish LSS Report 14 (Radiation Research, 177:229–243); most comprehensive cancer mortality analysis to date, confirming linear dose–response for solid cancers across 60 years of follow-up.




	2017

	Grant et al. publish solid cancer incidence data for LSS 1958–2009 (Radiation Research, 187:513–537); confirms lifelong elevated risk.




	2025

	RERF celebrates 80th anniversary of bombings; LSS cohort still under active follow-up with over 1,000 peer-reviewed publications generated.






Sources: RERF, rerf.or.jp (official LSS programme page); National Research Council, BEIR VII Phase 2 (2006); Ozasa et al., Radiation Research 177 (2012): 229–243; Grant et al., Radiation Research 187 (2017): 513–537; RERF Carcinogenesis (2025).
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II. THE IRANIAN NUCLEAR QUESTION IN STRATEGIC CONTEXT
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The Islamic Republic of Iran does not possess nuclear weapons. This statement, as of the time of writing, represents the consensus assessment of Western intelligence agencies and the International Atomic Energy Agency, qualified always by the acknowledgement that Iran’s enrichment programme has brought it closer to weapons-grade material production than any other state not recognised as a nuclear-weapon state under the Nuclear Non-Proliferation Treaty. The precise measurement of that proximity — the so-called ‘breakout time’ required to produce enough highly enriched uranium for a single weapon — has been a subject of sustained analytical and political controversy for more than two decades.

From Atoms for Peace to Strategic Ambiguity: A Technological Trajectory

Iran’s nuclear programme did not originate with the Islamic Revolution. It began with active American encouragement under the reign of Shah Mohammad Reza Pahlavi. On 5 March 1957, the United States and Iran concluded a bilateral civil nuclear cooperation agreement — the Cooperation Concerning Civil Uses of Atoms — under President Dwight D. Eisenhower’s Atoms for Peace programme, announced before the United Nations General Assembly in December 1953.¹⁰ In 1967, the United States supplied Iran’s Tehran Nuclear Research Centre with a 5 megawatt-thermal research reactor fuelled with highly enriched uranium — the very reactor that remains operational today under IAEA safeguards.

The Shah’s nuclear ambitions were extensive. In 1974, he announced a plan to construct 20 nuclear power reactors within twenty years and established the Atomic Energy Organisation of Iran (AEOI) to oversee the programme, engaging French and German contractors for the construction of reactors at Bushehr.¹¹ The Brookings Institution’s historical analysis of the Atoms for Peace programme confirms that the foundational technical and educational infrastructure of Iran’s nuclear programme — including the specialised master’s degree programme established at the Massachusetts Institute of Technology in 1975 to train Iranian nuclear engineers — was a direct product of United States policy.

The Islamic Revolution of 1979 interrupted but did not permanently arrest this programme. An initial period of ideological ambivalence — Ayatollah Khomeini characterised nuclear technology as inconsistent with Islamic values — gave way to renewed strategic interest, driven substantially by the devastating eight-year war with Iraq and Saddam Hussein’s use of chemical weapons against Iranian forces and civilian populations. By the mid-1980s, elements within the revolutionary leadership had concluded that a deterrent capability, or the credible appearance of one, was strategically essential.

Beginning in 1987, Iran began acquiring centrifuge designs and components through the clandestine proliferation network of Pakistani metallurgist Abdul Qadeer Khan, who is documented by the International Atomic Energy Agency and confirmed by Pakistani investigations as having provided Iran with P-1 centrifuge technology between 1987 and 1991.¹² By the late 1990s, Iran had covertly moved its centrifuge research and assembly operations to the underground enrichment facility at Natanz in central Iran, constructed without disclosure to the IAEA.

The public disclosure of the Natanz enrichment facility and the Arak heavy water reactor occurred on 14 August 2002, when Alireza Jafarzadeh, then the Washington representative of the National Council of Resistance of Iran (NCRI), revealed their existence at a press conference. IAEA Director General Mohamed ElBaradei subsequently visited Natanz in February 2003 and confirmed that 160 centrifuges were installed and ready for operation, with 1,000 more under construction.¹³ IAEA inspectors subsequently found traces of highly enriched uranium on centrifuge equipment — traces Iran attributed to contamination from supplier countries.

The Joint Comprehensive Plan of Action (JCPOA), concluded on 14 July 2015 between Iran and the P5+1 (China, France, Germany, Russia, the United Kingdom, and the United States), established limits on Iran’s enrichment activities — capping uranium enrichment at 3.67 per cent purity and restricting the installed centrifuge inventory to 6,104 machines — in exchange for phased sanctions relief. IAEA monitoring was substantially enhanced under the agreement’s Additional Protocol provisions.¹⁴

The withdrawal of the United States from the JCPOA on 8 May 2018 under President Donald Trump, accompanied by the reimposition and progressive expansion of economic sanctions, fundamentally altered the strategic landscape. Iran responded by systematically and transparently exceeding JCPOA technical limits: enriching uranium to 60 per cent purity — well beyond any plausible civil nuclear use and approaching weapons-grade — accumulating enriched uranium stockpiles far in excess of JCPOA ceilings, and restricting IAEA inspector access. By 2023, Western intelligence assessments had reduced the estimated breakout time to a matter of weeks.¹⁵

Figure 1.3 — Iran’s Nuclear Programme: Verified Chronological Milestones (1957–2023)



	Year

	Development





	1957

	US–Iran bilateral agreement on civilian nuclear cooperation (Cooperation Concerning Civil Uses of Atoms); Iran joins the Atoms for Peace programme.




	1967

	United States supplies Iran's Tehran Nuclear Research Centre with a 5 MW research reactor fuelled with highly enriched uranium.




	1974

	Shah Mohammad Reza Pahlavi announces plan to construct 20 nuclear power reactors and establishes the Atomic Energy Organisation of Iran (AEOI).




	1979

	Islamic Revolution; US suspends nuclear cooperation. Khomeini initially suspends nuclear programme.




	1984–1987

	Resumption of covert nuclear activity; A. Q. Khan network begins supplying centrifuge designs and components to Iran.




	August 2002

	National Council of Resistance of Iran (NCRI) publicly discloses previously undeclared enrichment facility at Natanz and heavy-water reactor at Arak, triggering international crisis.




	2003

	IAEA inspectors gain access to Natanz; find traces of highly enriched uranium. Iran signs Additional Protocol (later suspended).




	July 2015

	Joint Comprehensive Plan of Action (JCPOA) concluded by Iran and P5+1 (China, France, Germany, Russia, UK, USA); Iran accepts enrichment limits and enhanced IAEA monitoring in exchange for sanctions relief.




	May 2018

	US President Donald Trump withdraws from JCPOA; reimposition of sanctions under 'maximum pressure' policy.




	2019–2023

	Iran progressively exceeds JCPOA limits; enriches uranium to 60% purity (2021); restricts IAEA inspector access. Western intelligence agencies reduce breakout time estimate to 'several weeks' (2023).






Sources: Arms Control Association; Brookings Institution; Wikipedia, 'History of the nuclear program of Iran'; NTI Nuclear Security Index; Iran Watch / Wisconsin Project; IAEA Board of Governors Reports (1957–2023). Colour coding: blue = civil nuclear development; amber = programme transitions; red = proliferation crises and JCPOA collapse events; green = diplomatic agreements.



The Logic of Preventive Strike

It is within this strategic context that the recurring discourse of preventive military action against Iran’s nuclear programme must be situated. The possibility of an Israeli airstrike against Iranian nuclear facilities has been a fixture of regional security analysis since at least 2003. Israeli political leaders, from Prime Minister Ehud Olmert through Benjamin Netanyahu, have repeatedly affirmed that Israel regards an Iranian nuclear weapons capability as an existential threat and reserves the right to act militarily to prevent it.

Israel demonstrated its willingness to conduct long-range preventive strikes against suspected nuclear infrastructure in June 1981 (the Osirak reactor in Iraq, in Operation Opera) and in September 2007 (the Al-Kibar facility in Syria, in Operation Orchard). Iran’s programme, however, presents qualitatively different challenges: it is geographically dispersed across multiple hardened facilities.¹⁶ The Fordow Fuel Enrichment Plant, buried approximately 80 metres beneath a mountain near Qom, has been explicitly described by senior American military officials as resistant to destruction by currently available conventional munitions.

The discourse of nuclear strike — as opposed to conventional preventive attack — enters the analytical picture through the nature of these hardened underground facilities and through the logic of assured destruction that underlies American and Israeli nuclear targeting doctrine. This book does not advocate for nuclear use against Iran. It analyses what such use would mean — its physical, environmental, demographic, economic, and geopolitical consequences — precisely because that analysis has been conspicuously absent from the public discourse in which these options are discussed with a casualness wholly disproportionate to the catastrophe they would unleash.
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III. THE GEOGRAPHIC THESIS: ISLANDS VERSUS CONTINENTAL LANDMASSES
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The central analytical innovation of this study is also its most fundamental: geography is the most underappreciated variable in nuclear effects analysis, and it has been systematically undervalued in both academic and policy literature. Glasstone and Dolan’s canonical Effects of Nuclear Weapons — the primary unclassified reference for nuclear effects modelling, published by the United States Department of Defense with its definitive third edition in 1977 — devotes extraordinary rigour to the physics of blast, thermal radiation, initial nuclear radiation, and fallout particle dynamics.¹⁷ What it necessarily treats as secondary are the interactions of those physical effects with specific geographic, hydrological, meteorological, and geopolitical environments. Those interactions, this study argues, are where the most consequential differences between a Japanese and an Iranian nuclear scenario are generated.

Lynn Eden’s landmark study of fire damage from nuclear weapons, published by Cornell University Press in 2004, demonstrated that the United States military’s own nuclear effects models had systematically underestimated fire damage for decades by failing to account for the mass fire phenomenon — the self-sustaining urban firestorm driven by the enormous heat output of a nuclear detonation.¹⁸ Eden’s critique illustrates a broader methodological tendency: the physical models are sophisticated in isolation, but their application to real urban environments requires geographic and environmental inputs that are often treated as afterthoughts.

The Ocean Buffer: Japan’s Geophysical Containment

Japan’s status as an island nation was not merely incidental to the effects of the 1945 bombings — it was constitutive of them. The prevailing atmospheric wind pattern over the Japanese archipelago in late summer is dominated by westerlies carrying air masses eastward across the islands toward the Pacific Ocean. This prevailing westerly flow meant that fallout plumes from both Hiroshima and Nagasaki were dispersed eastward over open ocean, where radioactive particles were diluted across an effectively infinite expanse of seawater, unable to contaminate foreign national territory.

The phenomenon of ‘black rain’ — the radioactively contaminated precipitation that fell on areas northwest of the Hiroshima hypocenter in the hours following the detonation — represents the principal exception to this oceanic dispersal pattern. Japanese and American research has documented that black rain fell across an area of approximately 100 square kilometres, depositing radioactive particulate matter on populations who survived the immediate blast and thermal effects. Long-term health studies of populations exposed to the black rain have confirmed elevated rates of certain health conditions, though the precise radiological contribution remains a subject of ongoing scientific investigation.

Beyond the black rain zone, Japan’s surrounding ocean functioned as an enormous dilution reservoir for any waterborne radioactive contamination. Japan’s coastal geology — characterised by relatively impermeable basement rock with rapid drainage to the sea — meant that groundwater contamination was limited in both extent and duration. Tidal flushing and oceanic circulation progressively dispersed marine contamination across the Pacific. And crucially, Japan’s island status meant that no foreign national territory lay within the fallout plume: the geopolitical consequences were profound, but they were not complicated by the immediate physical contamination of allied or neutral territory.

The Continental Trap: Iran’s Geophysical Exposure

The Islamic Republic of Iran occupies the Iranian Plateau, a broad upland region at average elevations of 900 to 1,500 metres above sea level, bounded to the north by the Alborz Mountains and the Caspian Sea littoral, to the west by the Zagros Mountain range, and extending eastward through increasingly arid terrain toward the Afghan and Pakistani frontiers. This continental geography creates a set of nuclear effects dynamics diametrically opposed to those of the Japanese archipelago.

Wind systems over the Iranian plateau exhibit considerable seasonal complexity. The Shamal — the northwesterly wind that blows with particular intensity across Iraq and into western and central Iran during spring and early summer months — would carry fallout from a detonation in the Tehran–Isfahan corridor south-eastward toward Afghanistan and Pakistan. Winter westerly flows direct contamination across Central Asia toward Turkmenistan and Kazakhstan. The Zagros Mountains, rising to over four thousand metres along Iran’s western flank, generate orographic precipitation effects: when moisture-laden air masses rise over the mountains, they cool and precipitate, concentrating radioactive particulate matter in the rainfall descending on Iraqi Kurdistan and eastern Turkey.

Unlike the Pacific Ocean, which provided Japan’s neighbours with an impenetrable buffer against physical contamination, Iran’s neighbours are sovereign states with populations, agricultural systems, and water supplies that would be immediately and directly exposed to fallout from a nuclear detonation on Iranian territory. Baghdad lies approximately 750 kilometres from Tehran. Kabul approximately 1,100 kilometres. The agricultural heartlands of Pakistan’s Punjab province lie within the credible fallout radius of a high-yield detonation under adverse seasonal meteorological conditions.

Figure 1.4 — Transboundary Fallout Risk: Major Urban Centres Potentially Exposed (100 kt Tehran Scenario)



	City / Country

	Distance from Tehran

	Primary Wind Season

	Fallout Pathway

	Urban Population at Risk





	Baghdad, Iraq

	~750 km

	Shamal (spring/summer)

	Northwest Iraq, Zagros mountain rain-out corridor

	~8.2 million (UN 2023)




	Kabul, Afghanistan

	~1,100 km

	Shamal (spring/summer)

	Direct southeast trajectory across Afghan border

	~4.9 million (UN 2023)




	Ashgabat, Turkmenistan

	~850 km

	Westerlies (winter)

	Northeast across Elburz Mountains into Central Asia

	~1.1 million (UN 2023)




	Baku, Azerbaijan

	~600 km

	Westerlies / northwesterly

	Northwest across Caspian Sea corridor

	~2.4 million (UN 2023)




	Islamabad, Pakistan

	~1,800 km

	Shamal (spring/summer)

	Extended southeast trajectory via Afghanistan

	~1.2 million (UN 2023)




	Yerevan, Armenia

	~1,400 km

	Westerlies / northwesterly

	Northwest across mountainous border terrain

	~1.1 million (UN 2023)






Note: This table presents a qualitative assessment of fallout pathway directions and urban populations at risk based on publicly available wind climatology data (NOAA) and the DELFIC/HPAC modelling framework parameters documented in Glasstone and Dolan (1977). Actual dose exposures depend critically on detonation type (airburst vs. surface burst), yield, and real-time meteorological conditions. Surface burst assumed for maximum fallout scenario. Distances approximate great-circle. Population figures: United Nations, World Urbanization Prospects 2023 Revision.



Aquifer Systems: The Long Duration of Contamination

Perhaps the most consequential geophysical difference between Japan and Iran, from the perspective of long-term nuclear effects, concerns their respective water systems. Japan’s water supply in 1945 was derived from surface rivers and coastal groundwater systems characterised by high rainfall, rapid throughput, and proximity to the diluting influence of the ocean. Groundwater contamination from Hiroshima or Nagasaki migrated rapidly toward coastal discharge points, dispersed into the surrounding sea.

Iran’s agricultural and municipal water supply depends critically on deep alluvial aquifer systems whose recharge rates are measured in decades and whose residence times extend across centuries. The qanat — the ancient subterranean irrigation channel system that draws from high-elevation aquifers and distributes water across arid plains — underlies much of Iran’s traditional agriculture across the Isfahan, Kerman, and Yazd provinces. The IAEA’s authoritative Handbook of Parameter Values for the Prediction of Radionuclide Transfer in Terrestrial and Freshwater Environments (Technical Reports Series No. 472, 2010) documents that the bioavailability of caesium-137 in the dryland cereal crops characteristic of the Iranian plateau — wheat and barley grown in well-aerated alluvial soils — is substantially higher than in the flooded paddy systems of Japan, where iron-rich anaerobic soil chemistry effectively immobilises caesium ions.¹⁹ The agricultural exclusion zones required in an Iranian scenario would therefore be substantially larger than a straightforward extrapolation from the Japanese precedent would predict.
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IV. THE ANALYTICAL FRAMEWORK: METHOD AND EVIDENTIAL STANDARDS
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The comparative method employed in this study proceeds from a set of explicit epistemological commitments that merit unambiguous statement. This is not a work of advocacy. It is not a targeting study. It is not a war-gaming exercise. It is an attempt to apply the most rigorous publicly available scientific and social-scientific methods to a question that has been discussed with insufficient analytical precision in both academic and policy literature.

The physical effects modelling draws on two primary publicly available platforms. The NUKEMAP application, developed by nuclear historian Alex Wellerstein at the Stevens Institute of Technology, provides blast radius and thermal effects calculations derived from the Glasstone and Dolan parameter sets. Atmospheric fallout dispersion modelling is conducted using the parameters of the HPAC (Hazard Prediction and Assessment Capability) framework maintained by the Defense Threat Reduction Agency, calibrated against historical nuclear test data from the Nevada Test Site atmospheric testing programme.

Casualty projections draw on the dose-response relationships established by the RERF Life Span Study and the BEIR VII synthesis. Economic impact analysis uses historical oil supply disruptions — the 1973 Arab embargo, the 1979 Iranian Revolution, the 1990 Iraqi invasion of Kuwait — as calibration analogues. Throughout the study, the author distinguishes carefully between empirically grounded estimates, model-dependent projections, and speculative worst-case scenarios, and assigns explicit uncertainty qualifications to each category.

A Note on Moral Architecture

It would be intellectually evasive to present this analysis as morally neutral. It is not. The author holds the conviction, shared with the International Court of Justice in its 1996 Advisory Opinion, that the use or threat of use of nuclear weapons would generally be contrary to the rules of international law applicable in armed conflict, and that the weapons constitute a category qualitatively distinct from all others in their indiscriminate and transgenerational effects.²⁰

At the same time, the author is persuaded that the most durable arguments for nuclear disarmament are not moral exhortations — which have been advanced with extraordinary eloquence for eight decades without producing universal abolition — but consequence analyses that make the actual costs of nuclear use impossible to ignore. Nina Tannenwald’s important work on the nuclear taboo demonstrates that the most robust constraint on nuclear use has been not formal legal prohibition but the internalisation of a norm of non-use rooted in the shared understanding of what nuclear weapons actually do.²¹ This book is intended as a contribution to that understanding.
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V. THE EIGHT DIMENSIONS OF DIVERGENCE: A PRELIMINARY SURVEY
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Before the chapters that follow conduct their detailed analysis, it is useful to survey in compressed form the eight principal dimensions along which the Japan 1945 and Iran hypothetical scenarios diverge. This preliminary survey functions as an analytical map: a reference frame that subsequent chapters will populate with empirical data, scientific modelling, and historical evidence.

The first dimension is immediate casualties. At Hiroshima, between 70,000 and 80,000 people died immediately from a 15-kiloton detonation over a city of approximately 343,000 inhabitants. A 100-kiloton airburst over Tehran — a city whose greater metropolitan area encompasses approximately 15 million inhabitants — would generate a fireball, blast wave, and thermal pulse of qualitatively greater destructive reach. The non-linear relationship between yield and casualties in dense urban environments is explored in Chapter Three.

The second dimension is fallout extent and transboundary reach. Japan’s oceanic geography contained fallout within a maritime dispersal environment. Iran’s continental geography would project fallout across seven sovereign national territories. The third dimension is groundwater vulnerability: Japan’s coastal aquifer systems allowed rapid oceanic dilution, while Iran’s deep alluvial systems would sustain contamination across generational timescales. The fourth dimension is the agricultural system: Japanese flooded paddy immobilises caesium-137, while Iranian dryland cereal cultivation maximises its bioavailability.

The fifth dimension is oil and energy infrastructure — a variable entirely absent from the 1945 precedent. Iran’s role as a major petroleum producer and transit hub for global energy supply chains means that a nuclear attack on Iranian territory would immediately generate economic consequences for which no historical analogue exists. The sixth dimension is refugee displacement: Japan’s internal displacement of approximately 400,000 people contrasts with modelled cross-border flows that could reach several million, straining the humanitarian infrastructure of already-fragile host states.

The seventh dimension is geopolitical escalation. In 1945, the United States was the sole nuclear power; Japan had no nuclear-armed ally to come to its defence; no escalation was possible. In the contemporary environment, three nuclear-armed states — Russia, Pakistan, and China — share borders or near-borders with Iran, each with strategic interests that a nuclear attack on Iranian territory would fundamentally challenge. The eighth dimension is planetary-scale effects: a limited nuclear exchange involving modern thermonuclear weapons would inject soot into the stratosphere at levels that, according to current climate modelling, would produce measurable global temperature suppression — a category of consequence simply absent from the 1945 bombings of two cities.

Figure 1.5 — Eight-Dimension Comparative Impact Assessment: Japan (1945) vs. Iran (Hypothetical)



	Dimension of Impact

	Japan 1945 (Historical Baseline)

	Iran Hypothetical (Modelled)





	Immediate Casualties

	70,000–80,000 (Hiroshima); 40,000 (Nagasaki) Source: Manhattan Engineer District, 1946; Britannica

	Modelled 800,000–1,200,000+ (100 kt airburst, Tehran) Source: NUKEMAP parameters; Glasstone & Dolan scaling laws




	Fallout Affected Territory

	~100 km² black rain zone; remainder dispersed over Pacific Ocean

	Transboundary plumes across 7 sovereign states; potentially 500,000+ km²




	Groundwater Contamination Risk

	Low: coastal rock geology, rapid seawater dilution, short residence times

	High: deep alluvial aquifers, qanat systems, century-scale residence times (IAEA TRS-472)




	Agricultural Impact Zone

	Minimal: oceanic proximity, rapid flush; rice paddies lower Cs-137 bioavailability

	Extensive: dryland wheat soils; Cs-137 bioavailability 3–10× higher than paddy (IAEA TRS-472)




	Global Energy Market Disruption

	None: Japan had negligible oil infrastructure in 1945

	Severe: Iran holds ~9% of global proven oil reserves; Strait of Hormuz routes 21% of global petroleum (EIA, 2023)




	Transboundary Population Exposed to Fallout

	None: Pacific Ocean absorbed entire fallout plume

	Potentially 15–25 million within 1,000 km across 7 countries (UN 2023 city populations)




	Nuclear Escalation Risk

	Zero: only one nuclear power existed (USA); Japan surrendered

	Significant: three nuclear-armed states (Russia, Pakistan, China) within 2,000 km; complex alliance structures




	Refugee / Displacement Scale

	~400,000 internal Japanese displacement; no international flows

	Modelled 3–8 million cross-border refugees (UNHCR analogues: Syria, Afghanistan crises)






Note: This table presents a summary comparative assessment drawing on peer-reviewed modelling literature, declassified government reports, and publicly available demographic and energy data. All impact estimates are qualified by substantial uncertainty ranges that are disaggregated and evidenced in subsequent chapters. Sources: NUKEMAP (Wellerstein, Stevens Institute of Technology); Glasstone and Dolan, Effects of Nuclear Weapons (1977); RERF Life Span Study; IAEA Technical Reports Series No. 472 (2010); EIA, Iran Country Analysis (2023); United Nations, World Population Prospects 2024 Revision; UNHCR, Global Trends Reports.
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VI. STRUCTURE OF THE STUDY
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The chapters that follow move systematically through the principal dimensions of nuclear effects, maintaining the bilateral comparative structure throughout. Chapter Two examines the physics of weapon yields from the first-generation fission devices of 1945 to the modern thermonuclear arsenal, introducing the scaling laws that relate yield to destructive radius. Chapter Three analyses immediate blast effects on urban terrain. Chapter Four addresses thermal radiation and the conditions for mass fire, comparing Hiroshima’s wooden residential fabric with Tehran’s reinforced concrete urban morphology and natural gas infrastructure.

Chapter Five — the analytical centrepiece of the study — examines radioactive fallout and atmospheric dispersion. It is here that the geographic thesis receives its fullest treatment: the contrast between fallout dispersing over the Pacific and fallout crossing seven international land borders is not merely a difference of scale but a difference of kind, generating geopolitical and humanitarian consequences that the historical Japanese precedent cannot illuminate. Chapter Six addresses long-term health consequences drawing on the RERF Life Span Study and projecting onto Iran’s demographic structure. Chapters Seven and Eight examine environmental, agricultural, and energy infrastructure impacts.

Chapters Nine and Ten address the human and geopolitical dimensions: mass displacement and the escalation pathways of a multipolar nuclear world. Chapter Eleven examines planetary-scale effects — nuclear winter and ozone depletion — that distinguish a modern nuclear attack from the 1945 detonations. Chapter Twelve synthesises the comparative findings and advances policy conclusions oriented toward reinforcing the nuclear taboo and strengthening the institutional architecture of arms control and disarmament.

What the reader will find, carried through these chapters with analytical consistency, is a single overarching finding: the consequences of nuclear use against Iran would exceed those of Hiroshima and Nagasaki not by a simple factor of scale, but by a transformation of kind. Geography is not peripheral to that finding. It is its foundation.

Figure 1.6 — Comparative Geophysical and Strategic Parameters: Japan (1945) vs. Iran (Hypothetical)



	Parameter

	Japan (1945 — Empirical)

	Iran (Hypothetical — Modelled)





	Geographic type

	Island archipelago: 6,852 islands (Geospatial Information Authority of Japan, 2023)

	Continental plateau: 1,648,195 km² total area (World Bank, 2023)




	Population at time of modelled detonation

	Hiroshima city population: ~343,000 (August 1945)

	Tehran metro population: ~9.7 million (Statistical Centre of Iran, 2024 estimate)




	Ocean / border buffer

	Entirely surrounded by Pacific Ocean and Sea of Japan; no foreign land border within plausible fallout range

	Seven contiguous land borders: Iraq, Turkey, Azerbaijan, Armenia, Turkmenistan, Afghanistan, Pakistan




	Prevailing wind direction (detonation season)

	Late-summer westerlies: fallout carried eastward over the Pacific Ocean

	Seasonal complexity: spring/summer Shamal (NW→SE toward Afghanistan/Pakistan); winter westerlies toward Central Asia




	Groundwater system

	Fractured coastal rock with rapid seawater drainage; short radioactive residence times

	Deep alluvial aquifers supplying ~60% of agricultural water; qanat systems with century-scale residence times




	Critical infrastructure variable

	Negligible oil and gas infrastructure (already destroyed by conventional bombing by August 1945)

	Third-largest proven crude oil reserves globally; Strait of Hormuz — 21% of global petroleum transit (EIA, 2023)




	Weapon yield (modelled)

	Little Boy: ~15 kt; Fat Man: ~21 kt (both first-generation fission weapons)

	Hypothetical modern thermonuclear: 100–500 kt range (based on current US arsenal parameters)




	Neighbouring nuclear-armed states within 2,000 km

	None (USSR tested its first weapon in August 1949)

	Pakistan (~1,800 km); Russia (~1,300 km from northern border); China (~2,100 km)






Sources: Geospatial Information Authority of Japan (2023); World Bank, World Development Indicators (2023); Statistical Centre of Iran (2024 estimate); UN Population Division, World Urbanization Prospects 2024; US Energy Information Administration, Strait of Hormuz Country Analysis Brief (2023); US Department of Defense, Nuclear Posture Review (2022); Federation of American Scientists, Status of World Nuclear Forces (2024); IAEA, Technical Reports Series No. 472 (2010).

––––––––
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Endnotes: 

––––––––
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¹  The United States Strategic Bombing Survey (USSBS) estimated 70,000–80,000 immediate deaths at Hiroshima; later analysis places the total death toll by the end of 1945 above 100,000. See: United States Strategic Bombing Survey, The Effects of the Atomic Bombs on Hiroshima and Nagasaki (Washington, DC: US Government Printing Office, 1946). Corroborated by Encyclopaedia Britannica, 'Little Boy' (updated 2024), which cites approximately 70,000 immediate deaths from a population of approximately 343,000.

²  Casualty figures for Nagasaki: United States Strategic Bombing Survey, Effects of the Atomic Bombs on Hiroshima and Nagasaki (1946); Committee for the Compilation of Materials on Damage Caused by the Atomic Bombs in Hiroshima and Nagasaki, Hiroshima and Nagasaki: The Physical, Medical, and Social Effects of the Atomic Bombings, trans. Eisei Ishikawa and David L. Swain (New York: Basic Books, 1981). The lower Nagasaki toll relative to the higher Fat Man yield reflects the channelling effect of the Urakami Valley. Total Nagasaki deaths by end of 1945 estimated at approximately 80,000 (EBSCO Research Starters, 'Radiation from Hiroshima and Nagasaki Bombings').

³  Richard Rhodes, The Making of the Atomic Bomb (New York: Simon and Schuster, 1986). Winner of the Pulitzer Prize, National Book Award, and National Book Critics Circle Award; the definitive single-volume history of the Manhattan Project.

⁴  Barton J. Bernstein, 'A Post-War Myth: 500,000 U.S. Lives Saved,' Bulletin of the Atomic Scientists 42, no. 6 (1986): 38–40 (verified via Taylor and Francis / tandfonline.com). Bernstein, professor of history emeritus at Stanford University, documents that wartime military planners employed casualty projections substantially lower than the half-million figure that subsequently entered popular justificatory discourse. For the contrasting view defending higher estimates, see D. M. Giangreco, Hell to Pay: Operation Downfall and the Invasion of Japan, 1945–47 (Annapolis, MD: Naval Institute Press, 2009).

⁵  Fission efficiency of Little Boy: Atomic Heritage Foundation, 'Little Boy and Fat Man' (ahf.nuclearmuseum.org): 'Approx. 1.38% of the uranium fuel actually fissioned.' Uranium mass: EBSCO Research Starters, 'Radiation from Hiroshima and Nagasaki Bombings': '64 kilograms (141 pounds) of uranium 235.' Yield consensus: Wikipedia, 'Little Boy' (citing 1985 Los Alamos study): approximately 15 kilotons; Nuclear Weapon Yield (Wikipedia): '12 to 18 kilotons (20% margin of error).' The weapon was deployed without a prior full-scale test, as confirmed by multiple primary sources.
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