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Nuclear Winter




ROYAL SWEDISH ACADEMY OF SCIENCES/PERGAMON PRESS ’ VOLUME XI NUMBER 2-3 1982

AMBIO [

A JOURNAL OF THE HUMAN ENVIRONMENT and John Birks

discussed the effects of
a huclear holocaust on
ozohe.

They were the first to

point out that there would
be massive fires, and that
the smoke from these
fires could change
climate.

Alan Robock
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History of Deployed Nuclear Warheads
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Ronald Reagan:

When asked about the
effects of nuclear war in a
February 12, 1985 interview
in the New York Times said,

"A great many reputable scientists are telling us that such a war
could just end up in no victory for anyone because we would wipe out
the earth as we know it. And if you think back to ... natural
calamities - back in the last century, in the 1800's, ... volcanoes - we
saw the weather so changed that there was snow in July in many
temperate countries. And they called it the year in which there was
no summer. Now if one volcano can do that, what are we talking
about with the whole nuclear exchange, the nuclear winter that
scientists have been talking about? It's possible ..."

http://www.nytimes.com/1985/02/12/world/transcript-of-interview- Alan Robock
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Mikhail Gorbachev:

“Mikhail Gorbachev explains
what's rotten in Russia”

by Mark Hertsgaard
Salon.com, Sept. 7, 2000

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

http://dir.salon.com/story/news/feature/2000/09/07/gorbachev/
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Forty years after the threat of nuclear winter was
discovered, we now ask:

1. Although the Cold War and its associated nuclear arms
race are over, could remaining nuclear arsenals still
produce nuclear winter?

2. What would be the consequences of the use of a much
smaller number of nuclear weapons in a regional nuclear
conflict?
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Forty years after the threat of nuclear winter was
discovered, we now ask:

1. Although the Cold War and its associated nuclear arms
race are over, could remaining nuclear arsenals still

produce nuclear winter? YES, AND IT WOULD LAST
FOR HALF A DECADE KILLING MOST OF HUMANITY.
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smaller number of nuclear weapons in a regional nuclear
conflict?
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Forty years after the threat of nuclear winter was
discovered, we now ask:

1. Although the Cold War and its associated nuclear arms
race are over, could remaining nuclear arsenals still

produce nuclear winter? YES, AND IT WOULD LAST
FOR HALF A DECADE KILLING MOST OF HUMANITY.

2. What would be the consequences of the use of a much
smaller number of nuclear weapons in a regional nuclear
conflict? NOT NUCLEAR WINTER, BUT MILLIONS
DEAD FROM BLAST, RADIOACTIVITY AND FIRES,
AND BILLIONS STARVING.

RUTGERS Alan Robock
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Scenes from the
1992 Gulf War




Principal Japanese cities firebombed by the US Army Air
Force during the summer of 1945, with percent of each
city destroyed. (In parentheses - US cities of same size.)
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Hiroshima

August 6, 1945
A 15 kT bomb killed 150,000 people

Note: 15 kT = 0.015 MT = 1/1,000,000 of the 1985 world arsenal
= 3/1,000,000 of the current world arsenal

While current weapons are mostly more powerful than the initial one,
if one Hiroshima-sized bomb were dropped every fwo hours from the
end of World War IT to today, it would still not use up the current

arsenal.

Alan Robock
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Mushroom cloud, minutes after the
bombing, taken by Bob Caron, tail
gunner of the Enola Gay

S

Pyrocumulonimbus smoke plume
more than 3 hours after attack

HIROSHIMA STRIKE PHOTO

6 AUGUST 1945

&ITGERS https://www.nytimes.com/2016/05/24/science/hiroshima-atomic-bomb-mushroom-cloud.html Alan Robock
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Nagasaki
Aug. 9, 1945
11:02 am
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Looking from north to south,
The entire district was reduced to a burned wasteland.
The area slightly to the left of center is the hypocenter.




THE STORY OF
AN
EYEWITNESS

By Jack London

Collier's, the
National Weekly

May 5, 1906

Within an hour after the earthquake shock the smoke of San Francisco’s
burning was a lurid tower visible a hundred miles away. And for three days and
hights this lurid tower swayed in the sky, reddening the sun, darkening the day,
and filling the land with smoke.

... I watched the vast conflagration from out on the bay. It was dead calm.
Not a flicker of wind stirred. Yet from every side wind was pouring in upon the
doomed city. East, west, north, and south, strong winds were blowing upon the
doomed city. The heated air rising made an enormous suck. Thus did the fire of
itself build its own colossal chimney through the atmosphere. Day and night this
dead calm continued, and yet, near the flames, the wind was often half a gale, so
mighty was the force.
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This photograph, taken from a series of kites five weeks after the great earthquake
of April 18, 1906, shows the devastation brought on the city of San Francisco by the
quake and subsequent fire. (photo courtesy of Harry Myers)
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What if India and
Pakistan had a
nuclear war?
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What would be the consequences of an India-Pakistan
nuclear war using 100 15-kT (Hiroshima-size) weapons?

Scenario: Weapons dropped on the 50 targets in each
country that would produce the maximum smoke.

27,000,000 people would die from direct effects, half
of the total fatalities from all of World War II.

5 million tons of smoke injected into the upper
atmosphere, accounting for fuel loading, emission
factors and rainout.

Robock, Alan, Luke Oman, Georgiy L. Stenchikov, Owen B. Toon, Charles Bardeen, and Richard P. Turco,
2007: Climatic consequences of regional nuclear conflicts. Atm. Chem. Phys., 7, 2003-2012.



What would be the consequences of a regional nuclear
war using 100 15-kT (Hiroshima-size) weapons?

We use the NASA GISS ModelE atmosphere-ocean
general circulation model.
- 4°x5° |at-lon horizontal resolution

- 23 vertical levels including stratosphere and mesosphere,
extending 0-80 km, 13 layers in ocean

- 5 Tg of smoke into the 300-150 mb layer (upper
troposphere) at 30°N, 70°E on May 15

- 30-yr control run

- 3-member ensemble for 10 yr

Robock, Alan, Luke Oman, Georgiy L. Stenchikov, Owen B. Toon, Charles Bardeen, and Richard P. Turco,
2007: Climatic consequences of regional nuclear conflicts. Atm. Chem. Phys., 7, 2003-2012.
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Daily smoke loading from one ensemble member.
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GISS Global Average Temperature Anomaly
+ 5 Tg smoke in 2011
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What would be the consequences of a full-scale nuclear
war between the US and Russia?

We use the NASA GISS ModelE atmosphere-ocean
general circulation model.

- 50 Tg or 150 Tg of smoke into the 300-150 mb layer
(upper troposphere) over the US and Russia on May 15

- 30-yr control run, two 10-yr runs (50 Tg or 150 Tg)

What could produce 150 Tg of smoke?
- standard nuclear winter scenario of 40 years ago

- entire current arsenal if targeted the same way
- only 4000 weapons (2023 global arsenals of New START treaty)

Robock, Alan, Luke Oman, and Georgiy L. Stenchikov, 2007b: Nuclear winter revisited with
I{L]TGERS a modern climate model and current nuclear arsenals: Still catastrophic consequences. J. Alan Robock

Geophys. Res., 112, D13107, doi:10.1029/2006TD008235. Department of Environmental Sciences



BC Absorption Optical Depth May 14th
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New simulations with the Whole Atmosphere Community
Climate Model, version 4 (WACCM4)

horizontal resolution of 1.9° x 2.5° (lat-lon)
66 vertical layers
model top of 140 km

transport and removal of soot from fires is handled by the
Community Aerosol and Radiation Model for Atmospheres
(CARMA), a sectional aerosol model that treats soot as
fractal particles and allows them to grow

Coupe, Joshua, Charles 6. Bardeen, Alan Robock, and Owen B. Toon, 2019: Nuclear winter responses
to global nuclear war in the Whole Atmosphere Community Climate Model Version 4 and the Goddard
Institute for Space Studies ModelE. J. Geophys. Res. Atmos., 124, 8522-8543,
d0i:10.1029/2019JD030509.

Toon, Owen B., Charles G. Bardeen, Alan Robock, Lili Xia, Hans Kristensen, Matthew McKinzie, R. J.
Peterson, Cheryl Harrison, Nicole S. Lovenduski, and Richard P. Turco, 2019: Rapid expansion of

nuclear arsenals by Pakistan and India portends regional and global catastrophe. Science Advances,
5, eaayb478, doi:10.1126/sciadv.aay5478.




Pakistan and India may have 400 to 500 nuclear
weapons by 2025 with yields from tested 12- to 45-kt
values to a few hundred kilotons. If India uses 100
strategic weapons to attack urban centers and Pakistan
uses 150, fatalities could reach 50 to 125 million people,
and nuclear-ignited fires could release 16 to 37 Tg of
black carbon in smoke, depending on yield.

Toon, Owen B., Charles G. Bardeen, Alan Robock, Lili Xia, Hans Kristensen,
Matthew McKinzie, R. J. Peterson, Cheryl Harrison, Nicole S. Lovenduski,
and Richard P. Turco, 2019: Rapid expansion of nuclear arsenals by
Pakistan and India portends regional and global catastrophe. Science
Advances, 5, eaay5478, doi:10.1126/sciadv.aay5478.
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Nuclear War Scenarios
[1 teragram (Tg) = 1 million tons]

Number Number of
Combatants of Yield | Smoke direct

weapons fatalities
100 15kt | 5 Tg 27,000,000
India - 250 15kt | 16 Tg 52,000,000
Pakistan 250 50 kt | 27 Tg 97,000,000
250 100 kt | 37 Tg | 127,000,000
500 100 kt | 47 Tg | 164,000,000
U.S. - Russia| 4400 | 100 kt | 160 Tg | 360,000,000
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