


WILLFUL
IGNORANCE
OF THE
GLOBAL
IMPACT OF
NUCLEAR WAR

By Alan Robock, Lili Xia, and Zia Mian

Even a limited nuclear war could disrupt
the climate, ecosystems, and global food
supplies. Nuclear strategies and decisions
should be required to factor in those
potential consequences.

Smoke from a fire in an industrial
building. In the aftermath of a nuclear
attack, black smoke from widespread

fires could have a long-lasting impact on
climate. (Photo by iStock.com/borchee.)
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in size, and city-destroying fis-
sion weapons gave way to fu-
sion weapons, which are even
more destructive. As the US,
followed by the Soviet Union,
began developing military strat-
egies and plans for how to use High-altitude soot spreads around the globe and blocks
the weapons in substantial num- sunlight from reaching the surface
bers, global concern grew about : - b
the large-scale, long-term effects
of nuclear war. In a 1958 memo
to President Dwight D. Eisen-
hower that described a nuclear
war exercise, Robert Cutler, his
special assistant for national se-
curity affairs, observed, “The ef-
fect of any such exchange is quite
incalculable.” Cutler noted that i
no one knew what such a war : ‘ Stratosphere
would do to “the weather; to crop Troposphere
cycles, to human reproduction,
to the population of all areas of
the world (whether or not di-
rectly exposed to the detonation).
It is possible that life on the
planet might be extinguished.”
Conducted between the mid
1940s and mid 1970s, early stud-
ies of the global consequences
of nuclear war focused primar-
ily on the long-term health im-
pacts of radioactive fallout and
the environmental effects caused
by dust and nitrogen oxides pro-
duced during the explosions. In
particular, studies found that
dust lifted into the stratosphere
by near-surface nuclear explo-
sions force the cooling of Earth’s

Ozone shrinks and
Surface temperatures drop Rainfall declines UV radiation increases

Agriculture and fisheries decline, and sea ice disrupts shipping. Food shortages follow.

X ) A Figure 1. Smoke from fires ignited by nuclear weapons could block sunlight for years, which would
surface and that nitrogen oxides make Earth’s surface dark, dry, and cold. The disruption to agriculture and fisheries would lead to
produced in atmospheric nu- global famine. (Image adapted from ref. 7.)
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clear explosions cause destruction of the ozone layer and
expose Earth’s surface to dangerous levels of UV radia-
tion.? But it took until the early 1980s for Soviet and US
scientists to learn that smoke from fires resulting from
a nuclear blast could block out enough sunlight to plunge
surface temperatures below freezing and produce what
is called a nuclear winter.® Those catastrophic outcomes
helped motivate Soviet General Secretary Mikhail Gor-
bachev and US President Ronald Reagan to end the Cold
War nuclear arms race, begin drastic cuts in arsenals,
and declare in Geneva in 1985 that “a nuclear war
cannot be won and must never be fought.”

But the world has changed since that declaration 40
years ago. Today, nine nuclear-armed states, several of
which have recently been or are currently at war, con-
trol a growing arsenal of roughly 12 000 nuclear weap-
ons and have strategies for how to use them.* At the
same time, policies intended to regulate the weapons
are weakening. In February 2026, New START, the last
international strategic nuclear arms control treaty de-
signed to cap the largest nuclear arsenals, expired
with no prospect for a follow-on. And in May, the five-
yearly Nuclear Non-Proliferation Treaty Review Con-
ference, which evaluates the state of the 65-year-old
agreement, failed for the third consecutive time since
2010 to reach a consensus about the treaty’s imple-
mentation and progress, reinforcing a sense of a wors-
ening crisis in the nuclear order.

A Figure 2. A nuclear war could result in widespread famine. The plotted
calculations estimate the percentage of each country’s population that
would starve in the second year after a US-Russia nuclear war that
injected 150 million metric tons of black smoke into the stratosphere.
The estimates assume that international trade stops, food waste is
eliminated, stored food is consumed in the first several months after the
war, half of the livestock are consumed in the first year, and the remaining
half of livestock crop feed is redirected for human consumption. Each
country’s available calories are assumed to be distributed to only part
of the population, at the minimum intake needed to maintain normal
physical activity; the remaining population fraction is counted as
starving. Under those assumptions, about 6 billion people would die
from famine. (Image adapted from A. Robock et al., “Opinion: How
fear of nuclear winter has helped save the world, so far,” Atmos. Chem.
Phys. 23, 6691, 2023.)

Two reports from 2024 and 2025 published by the
US National Academies of Sciences, Engineering, and
Medicine (NASEM) demonstrate that even in the con-
text of increased nuclear threats and reduced regula-
tions, the global and catastrophic impacts of nuclear
war are being ignored. The 2024 report describes nu-
clear war consequence models developed by the De-
fense Threat Reduction Agency (DTRA) for the Depart-
ment of Defense: “DTRA provides estimates of the
impact of nuclear weapons. The consequence assess-
ment is focused on prompt effects and military objec-
tives. This results in a partial accounting of the conse-
quences leading to a limited understanding of the
breadth of the outcomes.” The report notes that “cur-
rent modeling by DoD’s DTRA of the consequences of

physicstoday.aip.org 33



nuclear explosions resulting from strategic deterrence
failure are limited to prompt military effects, especially
detonation (blast) and some fallout effects, and does not
extend to broader and longer-term effects.”

To address that gap in understanding, the 2024 re-
port also highlights that “there is a need to better un-
derstand other physical effects of nuclear weapons
(e.g., fires, damage in modern urban environments,
electromagnetic pulse effects, and climatic effects,
such as nuclear winter), as well as the assessment
and estimation of psychological, societal, and politi-
cal consequences of nuclear weapons use.” The 2025
NASEM report provides some insight into those ques-
tions by echoing the understanding from the 1980s
that smoke injected into the stratosphere from a nu-
clear war would trigger a nuclear winter, with the po-
tential to “alter life on Earth to a degree never seen
before in human history,” including through disrup-
tions to the “food chain and production ecosystem”
(reference 6, page xiii). Given what is already known,
it is clear that nuclear war threatens the security and
well-being not only of nuclear-armed states but of the
whole world.

Although there is still much to be understood about
many consequences of nuclear weapons use, climate
models that can render the global impacts of nuclear
war have seen big advances since the 1980s. Modern

Employment scenarios
and weapons effects

Weapons employment
scenarios

Fire behaviors

Weapons effects

Fire dynamics
and emissions

Combustible fuels

computers allow for detailed climate models that sim-
ulate global environmental processes, including the
climate response to nuclear war and its effects on land,
oceans, sea ice, and food security. In this article, we re-
view what is known about nuclear winter and discuss
the urgent need to incorporate current knowledge
into national and international policy debates and
decisions about nuclear weapons.

Global climate and food impacts

Nuclear winter is not just a drop in temperature after
a war; it’s a broader Earth system response across the
atmosphere, the ocean, sea ice, and ecosystems. If nu-
clear weapons are used on cities and industrial areas,
many large fires could start at the same time, produc-
ing large amounts of black smoke that could affect cli-
mate around the world’ (see figure 1). Simulations of a
regional nuclear war between India and Pakistan
show that even a smaller-scale use of nuclear weap-
ons that injects 5 teragrams (Tg)—equivalent to 5 mil-
lion metric tons—of black smoke into the stratosphere
could produce climate change effects unprecedented
in recorded human history.® (For more about those
simulations, see the 2008 PT feature article “Environ-
mental consequences of nuclear war,” by Brian Toon,
Alan Robock, and Rich Turco.) Several other climate
modeling groups have simulated the impact of smoke
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injections of comparable sizes and seen similar re-
sults.’ Larger scenarios, linked to wars between the US
and Russia or the US and China, could produce smoke
injections of 150 Tg. Smoke would reduce sunlight,
drop global average temperature and precipitation,
and shorten growing seasons for several years. The
amplitude of the impacts would scale with the total
amount injected. After a large-scale nuclear war, the
ocean would respond more slowly than the atmo-
sphere but remain changed for a longer time because
of its massive thermal inertia.

For human society, the biggest effect would likely
come from the food supply pipeline. Lower tempera-
tures, less sunlight, and reduced rainfall would hurt
crop production on land, while colder and darker
ocean conditions would reduce marine food produc-
tion. Using several crop models, Jonas Jagermeyr and
colleagues found that a 5 Tg black-smoke injection
would reduce global production of maize, wheat, rice,
and soybeans by about 12% in the first year.® That loss
is much larger than the effects of the worst recorded
natural variations in those crops. To evaluate black-
smoke injections of 5-150 Tg, two of us (Xia and Ro-
bock) and colleagues combined climate simulations

with crop, fishery, and livestock models and found
that the food impacts would be global and severe.'!
Simulations also show that the ocean would cool
quickly at the surface after injected smoke reached
the stratosphere; the resulting expanded sea ice would
influence marine fisheries by disrupting the ocean
food web.!? In larger smoke-injection scenarios, sea ice
would expand to block some ports that are now ice-
free and thus could exacerbate food shortages.

In smaller nuclear war scenarios, famine could
threaten 1 billion to 2 billion people. In the largest case,
linked to a US-Russia war, the climate effects on food
production could threaten most of Earth’s population.
(To see where famine would occur, see figure 2.) The
damage would not stop at production; international
food trade itself could be strongly disrupted, especially
if major exporting countries are also hit by large crop
losses.!® The estimated impacts still have many uncer-
tainties and do not yet include losses of infrastructure,
transportation, fertilizer, seeds, labor, or social stabil-
ity. The estimates also do not include the impacts of
radiological fallout or the effects of increased UV radi-
ation, the latter of which would be caused by nuclear
war-induced ozone loss.™ For those reasons, current

Y Figure 3. The issues that need to be better understood to quantify the impacts of nuclear war on humanity are often interconnected. A key
unknown is the one inside the red box: How will combustible fuels respond and the resulting fires behave after nuclear attacks on cities and
industrial areas? (Figure adapted from ref. 6, fig. S-1; reproduced with permission from the National Academy of Sciences, courtesy of the

National Academies Press.)
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models likely underestimate the full human and eco-
logical consequences.

What we still do not know

Although modern models have greatly improved the
understanding of what happens after black smoke from
nuclear weapons-induced urban fires reaches the strato-
sphere, key uncertainties remain. The 2025 NASEM re-
port highlights those uncertainties, beginning with the
war itself. For example, where is the war fought, what
kinds and how many weapons are used, and what tar-
gets are hit? Other uncertainties are related to the
spread of resulting fires and the subsequent smoke.
For example, how much fuel is available to burn in
cities and industrial areas, how do fires spread through
damaged urban areas, and how much black smoke is
produced? Questions also remain about how environ-
mental conditions, such as weather, humidity, and to-
pography, could change the results. (See figure 3 for a
flow chart that illustrates many of the uncertainties.)
The 2025 report emphasizes that better urban fuel data,
fire models, and emissions estimates for built environ-
ments are needed.

Another major uncertainty is the quantity and chem-
istry of black smoke that is injected into the stratosphere.
Dynamic factors such as rain can impact the quantity
of smoke that stays in the lower atmosphere, and smoke
that reaches the upper troposphere or stratosphere can
last much longer and spread much wider. To better
understand those dynamics, the report calls for better
smoke-resolving fire models and more use of obser-
vations from wildfire pyrocumulonimbus events—the
fire-induced formation of cumulonimbus clouds—to
test them.

In their 2025 report, the NASEM authors recom-
mend more funding to examine the details of the dif-
ferent spatial and temporal scales of nuclear war ef-
fects and of the complex interconnections between
smoke’s aerosol properties, clouds, the ocean, ozone
chemistry, food production and trade, human health,
and social disruption.® The question, then, is no longer
whether nuclear war could produce severe environ-
mental effects but how to better model its full catas-
trophic trajectory, from nuclear arsenals, war plans,
and fires to the resultant impacts on climate, society,
and human survival.

Policy and research implications

Physicists invented nuclear weapons 80 years ago.
Today, scientists remain key to developing, maintain-
ing, and modernizing nuclear arsenals. But they also
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have a special obligation to understand and explain
the full spectrum of existing and potential harms of
nuclear weapons. In support of that view, the science
academies of the G7 countries (Canada, France, Ger-
many, Italy, Japan, the UK, and the US) in a 2024 joint
statement declared that the scientific community has
an important role in developing and communicating
an “evidence base that shows the catastrophic effects
of nuclear warfare on human populations and on the
other species with which we share our planet.” Scien-
tists need to engage policymakers, armed forces, and
the public to consider what actions can be taken,
given the fundamental threat that nuclear weapons
and nuclear war pose to the populations of warring
nations as well as to humanity and nature as a whole.

One practical need is coordinated national and in-
ternational studies, conducted by researchers from
universities, national and UN agencies, nuclear weap-
ons laboratories, and militaries, on the effects of nu-
clear war.’> Among the recommendations in the 2025
NASEM report is to conduct studies on the physical
effects of nuclear wars and the attendant ecological,
societal, political, economic, and psychological effects
over subsequent decades.b

In the US, however, no funding for studying the is-
sues is available from key federal government agen-
cies, even those that have previously supported work
on the many impacts of climate change. Nuclear strat-
egists have argued that focusing too much on the hu-
manitarian impacts of using nuclear weapons could
undermine national nuclear deterrence efforts by sig-
naling that the US might not use its weapons out of
concern for the climate.!

To advance studies on the effects of nuclear war, we
recommend that Congress take up the recommendations
of the Physicists Coalition for Nuclear Threat Reduction,
a group that supports the reduction of nuclear threats
through mobilizing advocacy across international com-
munities of physical scientists. Congress should also
require DTRA to model all nuclear weapons effects that
are missing from their analyses and to include those
findings in planning and decision-making at all levels.

There is room for international action as well. Work
done by the Princeton University Program on Science
and Global Security and the Scientific Advisory Group
of the Treaty on the Prohibition of Nuclear Weapons
(TPNW)? influenced the United Nations General Assem-
bly to vote overwhelmingly in December 2024 to estab-
lish an expert panel to study the effects of nuclear war.
The new study, the first of its kind in 35 years, is exam-
ining the physical effects and societal consequences of



nuclear war on local, regional, and planetary scales. The
effort includes looking at the climatic, environmental,
and radiological effects and the impacts on public health,
global socioeconomic systems, agriculture, and eco-
systems.® The results of the study are to be published
in 2027 and will add to global awareness of the prob-
lem and the urgency to address it. The TPNW, which
prohibits nations from developing, testing, stockpiling,
using, or threatening to use nuclear weapons, has al-
ready been joined by 100 countries—a global major-
ity—and provides a mechanism to take action on nu-
clear disarmament. PT
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