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WACCM4 global average surface temperature 
changes for different soot amounts

Toon et al. (2019)
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HOW NUCLEAR WAR WOULD AFFECT AGRICULTURE

- Darkness
- Cold

- Slower growth
- Shortened frost-free growing season
- Increased time for crop maturation
- Cold spells during growing season that could kill crops

- Less rainfall
- Toxic chemicals in the atmosphere and soil
- Highly engineered genetic stocks
- Lack of fuel for machinery
- Lack of water supplies
- Lack of pesticides (but not of pests)
- Lack of distribution system
- Enhanced UV (later)
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https://www.nature.com/articles/s43016-022-00573-0
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Food Calculations

We used the Community Land Model version 5 crop model in 
the Community Earth System Model version 2 to simulate 
maize, rice, soybeans, wheat, and grasses, and the 
Bioeconomic Marine Trophic Size-spectrum model to 
simulate marine fisheries.  

For cattle and sheep, on average half are fed by pasture, 
and half are fed by crops and processed products.  We used 
data for each animal and each country in our calculations.

We used Food and Agricultural Organization data for the 
calorie content of each food, and for the national import, 
export, and consumption of all the different foods.
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Combatants
Number 

of 
weapons

Yield Smoke
Number of 

direct 
fatalities

Number of 
people without 
food at the end 

of Year 2
India -

Pakistan
250 15 kt 16 Tg 52,000,000 926,000,000
250 100 kt 37 Tg 127,000,000 2,081,000,000

Russia-U.S.-
NATO 4400 100 kt 150 Tg 360,000,000 5,341,000,000

A war between India and Pakistan
could kill 1 to 2 billion people.

A Russia-U.S.-NATO war
could kill most of Earth’s population.
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Not yet considered in these calculations:

Effects of ultraviolet radiation
Effects of ozone changes
More complex economic responses, including:

Some international trade
Food distribution within countries
Agricultural adaptations, including different 
crops
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Nuclear Winter Analogs
• Seasonal cycle

• Diurnal cycle (day and night)

• Firestorm:  1906 San Francisco earthquake

• Fires:  World War II firestorms

• Dresden, Hamburg, Darmstadt, Tokyo (“conventional” bombs)

• Hiroshima, Nagasaki (nuclear bombs)

• Smoke and dust transport, Surface temperature effects

• Martian dust storms

• Asteroid impact à dinosaur extinction

• Forest fires

• Saharan dust

• Volcanic eruptions
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Rapid ascent in 
first 10 days, 
observed and 

modeled.
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Tambora in 1815, together with an 
eruption from an unidentified 
volcano in 1809, produced the 
“Year Without a Summer” (1816)
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Figure from Stommel and Stommel (1983)

Gillen D'Arcy Wood, Tambora: The Eruption That Changed the 
World (2014):  “For three years following Tambora’s explosion, to 
be alive, almost anywhere in the world, meant to be hungry.”



Alan Robock
Department of Environmental Sciences

Conclusions
The current nuclear arsenal can 
produce nuclear winter.

Nuclear winter could kill most of 
humanity. In a US-NATO-Russia 
nuclear war, more people could die in 
India or China than in the US or 
Russia, even if no bombs were 
dropped there.
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By Original uploader: JWB - File:BlankMap-World6.svg with recoloring., CC BY-SA 
3.0, https://commons.wikimedia.org/w/index.php?curid=7587489



Alan Robock
Department of Environmental Sciences

http://climate.envsci.rutgers.edu/pdf/RobockToonSAD.pdf
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Mexico hosted the Second Conference on the Humanitarian 
Impact of Nuclear Weapons in Nayarit, February, 2014, 

attended by 146 nations, the United Nations, Red Cross, Red 
Crescent, and civil society. 
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First week of Ban negotiations at UN, March 27-31, 2017
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Fidel Castro Ruz
Reflexiones

Sept. 23, 2010

“While the United States and Russia each committed 
to reducing their operative nuclear arsenals down to 
some 2,000 weapons in April 2010 in Prague, the only 
way to prevent a global climate catastrophe from 
taking place would be by eliminating nuclear weapons.”
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A lecture by a professor, or a feature film?
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Year Nobel Laureates
1959 Philip Noel-Baker “He engaged in intense efforts to prevent nuclear war between the United

States and the Soviet Union.”
1962 Linus Pauling “He spoke and wrote against the nuclear arms race, and he was a driving force

in the Pugwash movement. ... He was one of the prime movers who urged the nuclear powers
the USA, the Soviet Union and Great Britain to conclude a nuclear test ban treaty.”

1982 Alva Myrdal “She worked actively to persuade the superpowers to disarm. The nuclear race
was a major concern, and she fought for nuclear weapons-free zones in Europe.” and Alfonso
García Robles “played a key part in the laborious efforts to make Latin America a nuclear-
free zone. ... He was lauded as ‘Mr. Disarmament.’”

1985 International Physicians for the Prevention of Nuclear War “IPPNW held annual congresses
to tell the world about the consequences of nuclear war. Extensive nuclear explosions could
prevent sunlight from reaching the earth. The resulting drop in temperature would cause a
‘nuclear winter.’ The organization recommended a nuclear test ban and demanded that the
great powers should refrain from first use in conflict situations.”

1995 Joseph Rotblat and Pugwash Conferences on Science and World Affairs “for their efforts to
diminish the part played by nuclear arms in international politics and, in the longer run, to
eliminate such arms”

2005 International Atomic Energy Agency (IAEA) and Mohamed ElBaradei “for their efforts to
prevent nuclear energy from being used for military purposes and to ensure that nuclear
energy for peaceful purposes is used in the safest possible way”

2017 International Campaign to Abolish Nuclear Weapons (ICAN) “for its work to draw attention
to the catastrophic humanitarian consequences of any use of nuclear weapons and for its
ground-breaking efforts to achieve a treaty-based prohibition of such weapons”

Nobel Peace Prizes for Advocating Nuclear Disarmament (from 
https://www.nobelprize.org/prizes/lists/all-nobel-peace-prizes)

https://www.nobelprize.org/prizes/lists/all-nobel-peace-prizes
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Beatrice Fihn
Executive Director of ICAN

Nobel Peace Prize Lecture
December 10, 2017

The story of nuclear weapons will have an ending, and 
it is up to us what that ending will be.

Will it be the end of nuclear weapons, or will it be the 
end of us?  One of these things will happen.

The only rational course of action is to cease living 
under the conditions where our mutual destruction is 
only one impulsive tantrum away. 
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“Every gun that is made, every warship launched, 
every rocket fired signifies, in the final sense, a 
theft from those who hunger and are not fed, those 
who are cold and are not clothed. This world in arms 
is not spending money alone. It is spending the sweat 
of its laborers, the genius of its scientists, the 
hopes of its children.”

President Dwight D. Eisenhower, April 16, 1953
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“For myself, I would far rather 
have a world in which the climatic 

catastrophe cannot happen, 
independent of the vicissitudes 

of leaders, institution, and 
machines. This seems to me 

elementary planetary hygiene, as 
well as elementary patriotism.”

-Carl Sagan

“Elementary planetary hygiene” 
demands that we eliminate 

nuclear weapons faster than the 
current pace.
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Sponsors
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For more about this work, go to

http://climate.envsci.rutgers.edu/nuclear/

http://climate.envsci.rutgers.edu/nuclear/

