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IntrodXction

I/�. long been kno2n a major n0clear 2ar co0ld de./ro4 modern ci1ili5a/ion and kill mo./ of h0mani/4� B0/ 2ha/ abo0/ a 
�limi/ed� n0clear 2ar § a conflic/ confined /o one region� .a4� or in1ol1ing j0./ a /in4 frac/ion of /he 2orld�. ar.enal.�

Thi. repor/ .0mmari5e. /he la/e./ .cien/ific 2ork� 2hich .ho2. /ha/ a .o¦

called �limi/ed� or �regional� n0clear 2ar 2o0ld be nei/her limi/ed nor 

regional� On /he con/rar4� i/ 2o0ld be a plane/ar4¦.cale e1en/� In fac/� i/ 

2o0ld be far more dangero0. /han 2e 0nder./ood e1en a fe2 4ear. ago� A 

2ar /ha/ de/ona/ed le.. /han ~²�}/h of /he 2orld�. n0clear 2eapon. 2o0ld 

./ill cra.h /he clima/e� /he global food .0ppl4 chain.� and likel4 p0blic 

order� Famine. and 0nre./ 2o0ld kill h0ndred. of million.� perhap. e1en 

billion.� 

�In a n0clear 2ar� bomb. /arge/ed on ci/ie. and ind0./rial area. 2o0ld ./ar/ 

fire./orm.� injec/ing large amo0n/. of .oo/ in/o /he 0pper a/mo.phere� 

2hich 2o0ld .pread globall4 and rapidl4 cool /he plane/�� according /o a 

landmark ./0d4 p0bli.hed in A0g0./ �}�� b4 Na/0re Food�¿

Lili Xia a/ R0/ger. Uni1er.i/4 led an in/erna/ional /eam /ha/ e3amined ho2 m0ch S0n¦blocking .oo/ 2o0ld be genera/ed 

0nder 1ario0. .cenario. of a n0clear 2ar be/2een India and Paki./an� The4 con.idered ho2 far global /empera/0re. 2o0ld 

fall a. a re.0l/� 2ha/ 2o0ld happen /o crop prod0c/ion� and finall4� ho2 man4 people 2o0ld ./ar1e /o dea/h� Their finding.� 

A. horrific a. /he 2ar 5one i/.elf migh/ be� 2i/h /en. of million. of direc/� immedia/e fa/ali/ie.� /he regional dea/h /oll 2o0ld 

be d2arfed in coming mon/h. and 4ear. b4 ./ar1a/ion dea/h. all aro0nd /he 2orld� In fac/� /he4 fo0nd� more /han � billion 

people co0ld die of ./ar1a/ion af/er an India¦Paki./an 2ar�

�Famine co0ld re.0l/ for a 
/hird of Ear/h�� /he 
a0/hor. 2ri/e� �e1en from 
a 2ar be/2een India and 
Paki./an 0.ing le.. /han 
�í of /he global n0clear 
ar.enal�� 

�Famine co0ld re.0l/ for a /hird of Ear/h�� /he a0/hor. 2ri/e� �e1en from a 2ar be/2een India and Paki./an 0.ing le.. /han �í 
of /he global n0clear ar.enal�� 
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NXcleaU ZaU VcenaUio
MillionV of meWUic WonV
(TeUagUamV) of VooW

geneUaWed
DiUecW faWaliWieV DeaWhV dXe Wo famine

b\ Whe end of YeaU 2

100 ZeaSonV deWonaWed
15 kiloWonV each 5 Tg 27 million 260 million

250 ZeaSonV deWonaWed
15 kW each 16 Tg 52 million 930 million

250 ZeaSonV deWonaWed
50 kW each 27 Tg 97 million 1.4 billion

250 ZeaSonV deWonaWed
100 kW each 37 Tg 127 million 2.1 billion

500 ZeaSonV deWonaWed
100 kW each 47 Tg 164 million 2.5 billion

Using less than �í of the 
2orld�s nuclear 2eapons� 
a nuclear 2ar bet2een 
India and Pakistan could 
kill up to e1er4 �rd person 
on earth

The fi1e scenarios listed are plausibl4 in¦line 2ith the region�s nuclear arsenals� The researchers used a �}~} population dataset that 

assumed a total 2orld population of ��� billion people� ¬Total 2orld population estimates toda4 are higher at about � billion peopleÀ­� 

The calculated death tolls of up to ��� billion people indicate that a nuclear 2ar bet2een India and Pakistan could kill up to e1er4 �rd 

human�

Again� e1er4 one of those scenarios takes as a starting assumption that ��í of all the 2orld�s nuclear 2eapons 2ill not be used�

The scenarios considered in1ol1ed a h4pothetical nuclear conflict bet2een India and Pakistan § t2o nations 2ho ha1e fought recent 

2ars� continue to ha1e border skirmishes� and deplo4 nuclear 2eapons prominentl4 in their militar4 planning� But the authors of the 

Nature Food stud4 note that it does not necessaril4 matter 2here such a 2ar happens� Whether cities and industrial areas are incinerated 

in the Middle East� on the Indian subcontinent� or in Central Europe� the soot rises into the same sk4�

Table ~� adaSWed fURm Xia eW al, NaWXUe FRRd, AXgXVW 2022 
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Major e3plosions and fires can ca0se se1ere clima/e 

disr0p/ions� The his/orical e1idence for /his incl0des 

cooling spells af/er major 1olcanic er0p/ions� as 2ell as /he 

ca/as/rophic global cooling af/er an as/eroid s/rike millions 

of 4ears ago /ha/ killed off /he dinosa0rs� ¬Researchers ha1e 

also s/0died his/orical 2ea/her da/a af/er /he massi1e ci/4 

fires of World War II b0/ res0l/s 2ere inconcl0si1eÁ­� The 

~�~� er0p/ion of /he Tambora 1olcano in Indonesia� /he 

larges/ er0p/ion in /he las/ �}} 4ears� lof/ed millions of /ons 

¬or Tg� /eragrams­ of s0lf0r and ash in/o /he s/ra/osphere� 

The s0lfa/e aerosol debris drif/ed aro0nd /he 2orld� abo1e 

/he rain clo0ds� A 4ear la/er i/ 2as s/ill /here� and ~�~� § 

2i/h persis/en/l4 o1ercas/ skies� crop fail0res and h0nger § 

became kno2n in /he nor/heas/ Uni/ed S/a/es as �/he 4ear 

2i/ho0/ a s0mmer�� Across /he A/lan/ic� in a E0rope 

e3ha0s/ed b4 �� 4ears of Napoleonic 2ars� a bi5arrel4 2e/ 

and cold gro2ing season con/rib0/ed /o famines and a 

/4ph0s epidemic�Â 

When a n0clear 2eapon 
de/ona/es� i/ briefl4 crea/es 
/empera/0res fo0r /imes ho//er 
/han a/ /he cen/er of /he S0n�

When a n0clear 2eapon de/ona/es� i/ briefl4 crea/es 

/empera/0res fo0r /imes ho//er /han a/ /he cen/er of /he 

S0n�⁵ A blas/ o1er a ci/4 can crea/e a fires/orm § a massi1e 

fire fed b4 in¦r0shing 2inds of h0rricane s/reng/h� Co0ld a 

2ar in1ol1ing n0clear 2eapons� b4 se//ing fire /o m0l/iple 

ci/ies� bring abo0/ a Tambora¦le1el global cooling� For 

decades no2� /he major clima/e models sa4 4es § and in 

fac/ /he4 indica/e /he cooling 2o0ld be more se1ere and 

persis/en/ /han /ha/ seen af/er e1en /he mos/ massi1e 

1olcanic er0p/ions� Soo/ from b0rning ci/ies 2o0ld be 

lof/ed miles abo1e /he clo0ds� blo2n aro0nd /he 2orld� and 

floa/ 0p /here for 4ears� I/ 2o0ld blo/ o0/ /he S0n� 

Tempera/0res 2o0ld pl0mme/� crops 2o0ld fail� 

The YeaUV WLWhRXW SXPPeU

This sobering reali/4 has been kno2n since /he original 

n0clear 2in/er s/0dies 2ere cond0c/ed in /he ~��}s�⁶ ⁷ ୔ ୕ 

Ne2er s/0dies¿⁰ ¿¿� 0sing more ad1anced clima/e models 

and far more po2erf0l comp0/ers� s0ppor/ /he predic/ions 

made nearl4 �} 4ears ago b4 as/ronomer Carl Sagan and 

o/hers� A decade or more of 2in/er 2o0ld follo2 a major 

n0clear 2ar be/2een /he Uni/ed S/a/es and R0ssia� Mos/ of 

h0mani/4 2o0ld die�

The R0/gers¦led in/erna/ional /eam /ha/ modeled e3pec/ed 

s/ar1a/ion dea/hs af/er a regional India¦Pakis/an n0clear 

2ar has also calc0la/ed� for /he firs/ /ime� /he dea/hs /ha/ 

2o0ld res0l/ from /he e1en 2orse mass famine /ha/ 2o0ld 

follo2 a f0ll¦scale n0clear conflic/ be/2een R0ssia and /he 

Uni/ed S/a/es� The4 es/ima/e /ha/ � billion people o0/ of ��� 

billion 2orld2ide 2o0ld be dead 2i/hin /2o 4ears�¿

The R0/gers¦led in/erna/ional 

/eam /ha/ modeled e3pec/ed 

s/ar1a/ion dea/hs af/er a regional 

India¦Pakis/an n0clear 2ar has 

also calc0la/ed� for /he firs/ /ime� 

/he dea/hs /ha/ 2o0ld res0l/ from 

/he e1en 2orse mass famine /ha/ 

2o0ld follo2 a f0ll¦scale n0clear 

conflic/ be/2een R0ssia and /he 

Uni/ed S/a/es� The4 es/ima/e /ha/ 

� billion people o0/ of ��� billion 

2orld2ide 2o0ld be dead 2i/hin 

/2o 4ears�
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I/ migh/ be /em+/ing /* di.mi.. Paki./an *- F-ance a. a 

me-e -egi*nal +*2e-� B0/ /he +*li/ical leade-.hi+ *f 

I.lamabad and Pa-i. each ha. en*0gh n0clea- e3+l*.i1e 

+*2e- a/ /hei- finge-/i+. /* +-*d0ce 4ea-. *f gl*bal 

c**ling�¿Â ¿⁵ I/ /0-n. *0/ /ha/ 1i-/0all4 an4 *f /he n0clea-¦

F*- /ha/ ma//e-� e3/-a+*la/ing f-*m /he da/a -e1ie2ed he-e� 

/hi. a2e.*me +*2e- i. n*/ j0./ in /he hand. *f nine 

na/i*nal g*1e-nmen/.� I/ i. al.* de fac/* in /he hand. *f 

man4 l*2e-¦le1el indi1id0al. /h-*0gh*0/ mili/a-4 

hie-a-chie.� E1e-4 c*mmande- *f a U�S� Ohi* cla.. *- a 

R0..ian B*-ei cla.. .0bma-ine ha. a/ hi. di.+*.al fi-e+*2e- 

c*m+a-able /* /ha/ *f an en/i-e na/i*n .0ch a. Paki./an *- 

F-ance�¿⁶ The-e a-e ~� Ohi* cla.. and � B*-ei cla.. 

.0bma-ine. in .e-1ice /*da4�¿À ¿Á

Thi. i. a ne2l4 calc0la/ed +-edic/i*n § /h-ee *0/ *f e1e-4 

f*0- +e*+le in /he 2*-ld� dead in /2* 4ea-.� B0/ i/ c*nfi-m. 

a l*ng¦./anding� 0nea.4 a2a-ene.. /ha/ h0mani/4 e3i./. a/ 

/he +lea.0-e *f /he R0..ian and U�S� mili/a-4 b0-ea0c-acie.� 

Wa.hing/*n and M*.c*2 ma4 ha1e .caled back /hei- C*ld 

Wa- n0clea- 2ea+*n. a-.enal. § b0/ /h*.e /2* na/i*nal 

a-.enal. -emain en*-m*0.� /he4 a-e again *n /he -i.e� and 

c*llec/i1el4 -e+-e.en/ m*-e /han �}í *f /he 2*-ld�. n0clea- 

2ea+*n. ./*ck.�¿À ¿Á 

Wha/ ab*0/ /he .e1en */he- na/i*n. 2h* al.* h*ld n0clea- 

a-.enal.� The4 a-e F-ance� G-ea/ B-i/ain� I.-ael� India� 

Paki./an� China and N*-/h K*-ea� Thei- .ec*nd¦/ie- a-.enal. 

a-e .mall b4 c*m+a-i.*n /* /he Ame-ican and R0..ian C*ld 

Wa- legac4 ./*ck+ile.� B0/ decade af/e- decade� .*me *f 

/he.e .malle- a-.enal. ha1e c*n/in0ed /* g-*2� A. /he4�1e 

d*ne .*� /he .cien/ific -ec*-d ha. al.* been g-*2ing� 

b0ilding in +a-allel� ./0d4 af/e- ./0d4� /* inf*-m an 

a2akening -eali5a/i*n� /he-e i. n* .0ch /hing a. a min*- *- 

.mall n0clea- 2ea+*n. a-.enal� 

I/ migh/ be /em+/ing /* 
di.mi.. Paki./an *- F-ance a. 
a me-e -egi*nal +*2e-� B0/ 
/he +*li/ical leade-.hi+ *f 
I.lamabad and Pa-i. each ha. 
en*0gh n0clea- e3+l*.i1e 
+*2e- a/ /hei- finge-/i+. /* 
+-*d0ce 4ea-. *f gl*bal 
c**ling�

a-med na/i*n. can ca0.e immen.e 2*-ld¦2ide .0ffe-ing� 

ag-ic0l/0-al and .*cie/al c*lla+.e� and ma.. dea/h� 

IPPNW
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In landmark studies published in �}}�� climate scientists Brian Toon� Alan Robock and others modeled a h4pothetical 

nuclear 2ar bet2een India and Pakistan�¿⁷ ¿୔ The models assumed each nation used �} nuclear 2eapons against the other� 

For perspecti1e� such a 2ar 2ould ha1e in1ol1ed less than }��í of the 2orld�s nuclear arsenals� It 2ould also represent 

about ~²�rd of Indian¦Pakistani nuclear arsenals toda4�¿⁵ ¿୕ This 2as an earl4 e3ploration of 2hat a �limited� or regional 

nuclear 2ar might look like� and it inaugurated an entire line of scientific inquir4� ¬See Table �­�

The predicted results 2ere global and apocal4ptic�

5 MLOOLRQ TRQV
MRUe WKaQ ØYe PLOOLRQ WRQV 

(TgV) Rf VPRNe WKaW Kad 
RQce beeQ KaUacKL RU 

MXPbaL ZRXOd be OLfWed 
LQWR WKe VWUaWRVSKeUe aQd 

bOaQNeW WKe ZRUOd LQ 
daUNQeVV fRU \eaUV WR cRPe. 

1.3rC
TKe aYeUage gORbaO 

WePSeUaWXUe ZRXOd dURS 
abRXW 1.3rC, aQd fRRd 
SURdXcWLRQ ZRXOd faOO. 

2 BLOOLRQ 

US WR 2 bLOOLRQ SeRSOe -- a 
VWaggeULQg QXPbeU, aOPRVW 
eYeU\ 3Ud KXPaQ -- ZRXOd 

be aW ULVN Rf VWaUYaWLRQ. 

ReYieZing the aboYe and related stXdies t⁰ t{ tt tu for a 2013 brieØng paper, International Ph\sicians for the PreYention of 
NXclear War and Ph\sicians for Social Responsibilit\ foXnd that Xp to 2 billion people ZoXld be at risk of starYation.t⁴ At the 
time, this Zas almost one third of the Zorld popXlation.

An abrupt cooling e1ent of ~��ãC 2ould be a massi1e planetar4 shock� For conte3t� there is 2idespread international concern 

about a rise in a1erage global temperature b4 about ~ãC since the pre¦industrial era� Nations around the 2orld ha1e pledged 

enormous resources to tr4 to hold further global 2arming to no more than ~�� ¦ �ãC abo1e pre¦industrial temperatures�

But that�s not the 2orst of it� The abrupt shock of ~��ãC in global cooling 2as predicted b4 narro2l4¦focused models� 2hich 

considered onl4 the disruption of Sun¦blocking soot� The models 2ere not built to consider a second major consideration� 

damage to the o5one la4er� 

DLYLQg IQWR WKe OPLQRXV ScLeQce 
AbRXW a "LLPLWed" NXcOeaU WaU
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DaPage WR Whe O]RQe La\eU

Ozone is a molecule of three oxygen atoms – O  instead of the more commonly known O . A layer of ozone molecules 

encircles the planet about 10-20 miles up, and it shields Earthʼs surface from ultraviolet radiation. But if massive amounts of 

post-nuclear war soot rise into the high atmosphere, the soot itself is heated by the same sunlight it blocks off from us, 

causing local chemical reactions that rapidly degrade the ozone.

A 2008 study led by Michael Mills and a team at the National Center for Atmospheric 
Research in Colorado modeled the exects on the ozone layer of the same 
hypothetical scenario – 100 nuclear weapon detonations traded between India and 
Pakistan – and found that 20í of global ozone would be destroyed. Over the high 
northern latitudes – including the United States and Canada, Europe, Russia and 
China – it would be far worse, with 50-70í of the ozone layer destroyed.²³

The most recent ozone-focused study, published in 2021 and led by another NCAR 
researcher, Charles Bardeen, relied upon an updated climate and chemistry model to 
reach a similar conclusion: A regional nuclear war would degrade the global ozone 
layer by 25í, and the ozone would take at least a dozen years to recover.²⁶

A few years later, in 2014, Mills and his team used the latest data to reprise the 
scenario – 100 nuclear detonations traded between India and Pakistan – and found it 

would bring ozone losses in the skies above populated areas “unprecedented in 
human history.” (This model, like others, also predicted catastrophic cooling from 

Sun-blocking soot, with “the coldest average surface temperatures in 1,000 years.” 
Mills and his team predicted surface temperatures would remain reduced for more 

than 25 years, and “could trigger a global nuclear famine.”²⁵) 

With our protective ozone shield down, Earth would be exposed to increased levels of UV radiation. The exact consequences 

of this have not been calculated. In humans, more UV radiation would be expected to cause more sunburns, cancers, 

cataracts, immunosuppression, and photoaging (skin damage that includes wrinkles, loss of skin tone, and pigmentation 

spots). Perhaps more importantly, increased UV radiation would also hinder crop growth – over and above the catastrophic 

agricultural collapses already predicted by models focused on soot-driven global cooling.

(As Xia and colleagues state in Nature Food, “further studies are needed” about many aspects of life after a nuclear war – 

from UV radiation damage as the ozone layer fails, to radioactive fallout from the war zone itself, to freshwater availability 

and insect population changes.)

It is a strange paradox that Earth after a limited nuclear war would simultaneously be denied the life-giving warmth of the 

Sun, even as weʼd be more punished by the Sunʼs harmful UV radiation. 

Even without such granular data, the science about the effects of Sun-blocking soot after a limited nuclear war is 

disquieting.

IPPNW
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EYeQ "SPall" WaUV BUiQg 
UQSUecedeQWed CURS FailXUeV
A paper in 2020 led by Jonas Jägermeyr, a scientist at 

NASA�s Goddard Institute for Space Studies, used six 

leading crop models to assess how agriculture would 

respond to the field�s most common hypothetical: 100 

smaller ¬15 kiloton­ nuclear detonations in India and 

Pakistan. ¬Again: Any number of different �limited� 

scenarios could be imagined § a war between China and 

North Korea, say, or perhaps an exchange of nuclear 

weapons between Russian and NATO forces over Ukraine. 

Assuming the weapons and targets are of similar size, the 

consequences would be similar. If scientists have often 

defaulted to war¦gaming India¦Pakistan scenarios, that�s in 

part because keeping one variable constant § the war zone 

§ allows for easier comparisons of results across studies.­

In the NASA team�s models, 5 Tg of soot resulted in steep 

global cooling of 1.8ãC, and at least five years of bad 

harvests. Hardest hit were more temperate northern 

regions, including the United States, Europe, Russia and 

China, collectively the world�s breadbasket. Corn and 

wheat § two of the world�s most important food crops § 

drop by 13í globally, with �adverse consequences for 

global food security unmatched in modern history.�À⁷

Scientists working for the U.S. nuclear weapons program at 

Los Alamos National Laboratories recently published a 

lonely dissenting view.À⁸ The Los Alamos team did not 

make its internal models available for independent review. 

They addressed the same hypothetical war between India 

and Pakistan. But they ran their simulations not using a 

Pakistani or Indian urban area, but a U.S. suburb, for which 

they included satellite imaging. In a rebuttal, Robock and 

colleagues note the imaging shows �a target area of 

suburban Atlanta that includes a golf course, playground, 

and individual houses with large yards, with little material 

to burn, which is not representative of densely populated 

cities in India and Pakistan.�À୕ Other scientists have 

calculated the Los Alamos team under¦estimated the 

fuelavailable in those dense Asian cities by at least 10¦

fold.Á⁰ The Los Alamos model assumed a city fire duration 

of only 40 minutes, when major World War II city fires 

lasted for hours or days; did not simulate gas line breaks as 

seen at Hiroshima; and set various weather and climate 

conditions that critics say, and the Los Alamos team 

concedes, prevented the development of firestorms.À୕ ¬The 

U.S. military does believe in firestorms, and during World 

War II both accidentally and intentionally created them § 

most spectacularly in the intentional firestorm created at 

Tokyo, but also in the bombing of Hiroshima. Despite this, 

there has been a well¦documented, decades¦long history of 

the Pentagon either minimizing or only belatedly 

appreciating the potential for nuclear weapons¦initiated 

firestorms.⁵­ 

Meanwhile, nature itself seems to have risen up in protest 

against the Los Alamos claims. In their 2018 paper, the 

weapons lab team had asserted that soot and smoke from a 

regional nuclear war would be �highly unlikely� to make it 

into the stratosphere, �a conclusion supported by 

examination of … large forest fires.� Even as that was being 

written and published, large forest fires in Canada in 2017, 

and Australia in 2019 and 2020, were throwing massive 

amounts of soot high into the stratosphere. The soot and 

smoke from the Australian bush fires was tracked in the 

stratosphere for months, in quantities comparable to that 

seen after a volcanic eruption.Á¿ Soot from the Canadian 

fires rose to 12 kilometers as a pyrocumulonimbus § a 

vertically¦developing, fire¦fed cloud § but then, as the 

black soot absorbed sunlight and warmed, it was lofted 

steadily higher over the next two months, to 23 

kilometers.ÁÀ The forest fire observations contradicted Los 

Alamos, and were consistent with the models of Mills, 

Robock and other independent scientists. 

The NASA team's models found steep 
global cooling of 1.8ãC, and at least five 
years of bad harvests, leading to world 
hunger �unmatched in modern history".
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1. RHJLRQaO NXcOHaU 

WaU

2. SXQOLJKW BORcNHd 

OXW

3. G
ORbaO 

THPSHUa
WX

UHV D
URS

4. CURS PURdXcWLRQ 
CROOaSVHV

5. M
aVV SWaUYaWLRQ

CURS SURdXcWLRQ cROOaSVHV. AYaLOabOH 
IRRd caORULHV SOXPPHW ZRUOdZLdH.

FRRd KRaUdLQJ aQd a KaOW WR IRRd H[SRUWV 
cUHaWH SXbOLc dLVRUdHU aQd PaVV KXPaQ 

VWaUYaWLRQ, RQ a VcaOH QHYHU bHIRUH VHHQ.

GORbaO WHPSHUaWXUHV dURS UaSLdO\, 
HUaVLQJ aOO RI WKH UHcHQW dHcadHV RI 

PaQPadH JORbaO ZaUPLQJ.

IQ aQ IQdLaQ-PaNLVWaQL QXcOHaU ZaU, 
VPRNH aQd VRRW IURP WKH QXcOHaU 

ØUHV ULVHV LQWR WKH VWUaWRVSKHUH. IW LV 
ORIWHd  aURXQd WKH ZRUOd aQd VWa\V 

WKHUH IRU \HaUV. 

IW bORWV RXW WKH VXQËV ZaUPWK, bXW 

SaUadR[LcaOO\ aOVR HaWV aZa\ WKH R]RQH 

Oa\HU, ZKLcK SURWHcWV OLIH RQ HaUWK IURP 

KaUPIXO UV UadLaWLRQ. SR EaUWK bHcRPHV 

cROdHU HYHQ aV VXQOLJKW bHcRPHV KaUVKHU.

1 2 3

4 �

FigXUe 1: The glRbal caWaVWURShe Rf a "liPiWed" QXcleaU ZaU

A ÍPLQRUÎ QXcOHaU ZaU PLJKW LQYROYH 3% RU OHVV RI ZRUOd aUVHQaOV, bXW VWLOO bULQJ daUNQHVV, cRROLQJ, cURS 

IaLOXUHV aQd VWaUYaWLRQ aURXQd WKH SOaQHW.

IPPNW
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The ScLeQce DLYeV DeeSeU, aV Whe 
AUVeQaOV, CLWLeV, aQd FLUeV GURZ LaUgeU

A macabre q0e./ion § �ho2 m0ch f0el i. /here /o b0rn 2hen 

a ci/4 ca/che. fire�� § occ0r. /hro0gho0/ /he.e n0clear 

2eapon .im0la/ion.� The �f0el load� i. /he /erm for all of 

/he ma//er /ha/ can ca/ch fire af/er a n0clear de/ona/ion� 

from /ree. and people /o pe/role0m and pla./ic.� B0/ e1en 

a. clima/e .cien/i./. and ph4.ici./. p0bli.hed /heir paper.� 

/he4 2ere alread4 o0/da/ed� beca0.e /he ci/ie. 0nder 

con.idera/ion had been ac/i1el4 gro2ing in .i5e and 

comple3i/4� The f0el load 2a. increa.ing�

In /he ~� 4ear. .ince earl4 ./0die. 2ere p0bli.hed� m0ch 

ha. changed� The ci/ie. of So0/h A.ia ha1e gro2n a li//le� 

pro1iding more f0el /o b0rn in /he e1en/ /he4 are a//acked� 

Regional n0clear ar.enal. ha1e al.o gro2n� E3ac/ de/ail. 

abo0/ n0clear 2eapon. ar.enal. are clo.el4 held .ecre/.� 

B0/ India and Paki./an are /oda4 each belie1ed /o ha1e 

abo0/ ~�} n0clear 2eapon. ranging in .i5e from � /o �} 

kilo/on. ¬k/­�¿⁵ ¿⁹ ¬China� al/ho0gh no/ modeled� .hare. 

/en.e border. 2i/h bo/h na/ion. and ha. abo0/ ��} n0clear 

2eapon.� incl0ding .ome of lo2er 4ield.� man4 of �}}¦�}} 

k/ § and a handf0l of ma..i1e 2eapon. of 0p /o ��}}} k/�ÁÁ 

Nearb4 Nor/h Korea ha. ~}¦�} n0clear 2eapon. of 0nkno2n 

Scenario ~�
��} n0clear e3plo.ion. of 
~�k/ each

Scenario ��
��} n0clear e3plo.ion. of 
�}k/ each

Scenario ��
��} n0clear e3plo.ion. of 
~}}k/ each

Scenario ��
�}} n0clear e3plo.ion. of 
~}}k/ each

The direc/ con.eq0ence. 
predic/ed in /he.e .cenario. 
2o0ld be 0npreceden/ed� 
There 2o0ld be �} million /o 
~�� million promp/ fa/ali/ie. 
§ more dea/h. in ho0r. or 
da4. /han d0ring all of World 
War II� 

In a paper p0bli.hed in Sep/ember �}~�� Toon and o/her. 

.im0la/ed a range of ne2 .cenario. /o /ake acco0n/ of /he.e 

change.� The.e .cenario. in1ol1e ��} n0clear de/ona/ion. § 

of ~� k/� �} k/� or ~}} k/ 2eapon. § and one larger� b0/ ./ill 

regional� .cenario of �}} n0clear de/ona/ion. of ~}} k/ 

2eapon.�Á⁵ ¬The mo./ .e1ere .cenario. in1ol1e more 

n0clear 2eapon. /han India and Paki./an ma4 no2 po..e..� 

b0/ /he a0/hor. incl0ded /hi. in recogni/ion of con/in0ed 

projec/ed gro2/h in na/ional ar.enal.� and of co0r.e� a 

/hree¦2a4 conflic/ /ha/ dragged in China co0ld ea.il4 

in1ol1e �}} n0clear 2eapon.� No/e /ha/ e1en /he mo./ 

.e1ere and .pec0la/i1e .cenario 2o0ld in1ol1e le.. /han �í 

of /he 2orld�. n0clear ar.enal� See Fig0re � for a 

compari.on of /he.e .cenario. again./ /he e3plo.i1e po2er 

of na/ional ar.enal.­�

.i5e and ha. de/ona/ed a ~}} k/ bomb�ÁÂ­
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Scien/i./. al.o con/in0e /o model a la-ge¦.cale U�S�¦R0..ian 

n0clea- 2a-� A pape- p0bli.hed in �}~� -e1ie2ed 

.im0la/ion. b4 NASA�. Godda-d In./i/0/e fo- Space S/0die. 

/ha/ .ho2ed .0ch an e1en/ 2o0ld injec/ no/ � million o- ~� 

million /on. of .oo/ § b0/ ~�} million /on.� The -e.0l/ 

2o0ld� fo- m0ch of /he No-/he-n Hemi.phe-e� be 4ea-. of 

belo2¦f-ee5ing /empe-a/0-e. in .0mme-.�¿⁰ Toon and 

colleag0e.� in addi/ion /o modeling e.cala/ing �limi/ed� 

2a-. on /he Indian .0bcon/inen/� modeled a la-ge¦.cale 

U�S�¦R0..ian n0clea- 2a- and came /o /he .ame 

concl0.ion.� Xia and colleag0e. in /hei- A0g0./ �}�� Na/0-e 

Food anal4.i. calc0la/e /he -e.0l/ing collap.e in a1ailable 

calo-ie. 2o0ld� a. p-e1io0.l4 ./a/ed� kill /he 1a./ majo-i/4 

of /he 2o-ld�. people�

Fo- compa-i.on� /he la./ Ice Age� 2hen o0- ance./o-. 

con/ended 2i/h 2ool4 mammo/h. and .abe- /oo/h /ige-.� 

2a. abo0/ �ãC coole- /han /oda4� Al/ho0gh cooling 2o0ld 

be global� /he /empe-a/0-e d-op. ac-o.. No-/h Ame-ica� 

E0-ope and A.ia 2o0ld be e1en 2o-.e� Global p-ecipi/a/ion 

2o0ld decline� and g-o2ing .ea.on. 2o0ld .ho-/en� 

The di-ec/ con.eq0ence. p-edic/ed in /he.e .cena-io. 

2o0ld be 0np-eceden/ed� The-e 2o0ld be �} million /o ~�� 

million p-omp/ fa/ali/ie. § mo-e dea/h. in ho0-. o- da4. 

/han d0-ing all of Wo-ld Wa- II� 

IPPNW

Scena-io ~�
~� Tg of .oo/ and global 

cooling of ���ãC

The impac/ on clima/e 2o0ld al.o be immen.e� in all 

.cena-io.� 

The .malle./ .cena-io modeled� an e3change of ��} ~� k/ 

2eapon.� 2o0ld gene-a/e ~� Tg of .oo/ and an a1e-age 

global cooling of ���ãC� ¬Remembe-� /he ca/a./-ophic 

.cena-io. f-om ea-lie- pape-. -e1ie2ed he-e� 2hen a-.enal. 

2e-e .malle-� looked a/ .malle- e3change. of 2eapon.� and 

p-edic/ed abo0/ � Tg of .oo/� 2i/h cooling of abo0/ ~��ãC�­ 

The la-ge- .cena-io. a-e 2o-.e� A 2a- 0.ing �} k/ 2eapon. 

2o0ld gene-a/e �� Tg of .oo/ and ���ãC of cooling� A 2a- 

0.ing ~}} k/ 2eapon. 2o0ld gene-a/e �� Tg of .oo/ and 

���ãC of cooling� In /he mo./ .e1e-e -egional Indian 

.0bcon/inen/ .cena-io� a 2a- 0.ing �}} n0clea- 2eapon. of 

~}} k/ each 2o0ld gene-a/e �� Tg of .oo/ and ���ãC of 

cooling� 

Scena-io ��
�� Tg of .oo/ and global 

cooling of ���ãC

Scena-io ��
�� Tg of .oo/ and global 

cooling of ���ãC

Scena-io ��
�� Tg of .oo/ and global 

cooling of ���ãC

Fo- compa-i.on� /he la./ Ice Age� 
2hen o0- ance./o-. con/ended 

2i/h 2ool4 mammo/h. and .abe- 
/oo/h /ige-.� 2a. abo0/ �ãC  

coole- /han /oda4� Al/ho0gh 
cooling 2o0ld be global� /he 

/empe-a/0-e d-op. ac-o.. No-/h 
Ame-ica� E0-ope and A.ia 2o0ld 

be e1en 2o-.e� Global 
p-ecipi/a/ion 2o0ld decline� and 
g-o2ing .ea.on. 2o0ld .ho-/en� 
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NXcleaU FaPiQe

After a regional nuclear war, societies everywhere would 

struggle to adapt to a newly dark, cold, and inhospitable 

planet. Xia and colleagues writing in Nature Food explored 

this in detail. 

They started from the projected soot injections and global 

cooling predicted by Toon and colleagues in their 2007 and 

2019 scenarios, and then simulated the impact of that Sun-

blocking soot on yields from wild marine fisheries and 

from the principal staple crops (rice, wheat, corn or maize, 

and soybeans­.

The results: unprecedented global famine. Under every 

scenario, total available food calories would decline 

precipitously for the next seven to eight years. Even the 

smallest scenario modeled would represent the largest 

drop in global food production since the UN started 

keeping records. The most severe declines in crop and 

fisheries production would occur in the upper latitudes of 

the Northern Hemisphere: Canada, the United States, and 

much of Europe, Russia and China. (Populations in the 

Middle East, Africa and East Asia all depend on those 

regions for food imports.­

For the scenario of an India-Pakistan war using 15 kt 

weapons, calories from major food crops and fisheries 

worldwide would fall about 23í. For the scenario  

weapons are not used - the total available calories falls 

48í. It is important to note that “available” food is not the 

same as “accessible” food, the food people are able to put 

on their table. Especially in times of want, available food is 

never distributed evenly within or among nations. When it 

falls even slightly, there is widespread hoarding and price 

inflation. 

For example, during the Great Bengal Famine in 1943, 

available food decreased only 5í – but panic-buying 

ensued, food prices soared and 3 million people starved to 

death.ÀÂ That resulted from a drop in available food of 5í. 

One can only imagine how unevenly life-sustaining food 

would be distributed in a world where available food had 

dropped 23í, 33í, 41í or 48í. 

Societies around the world would take desperate measures 

to adapt. For example, livestock could be killed off en 

masse, both to feed humans in the first year and also to 

divert animal feed to human consumption; household food 

waste (around 20í on global average¿­ could be reduced; 

unpalatable fish species could enter the diet; and 

international trade might be shut down, as hungry nations 

seek to prevent food from being exported. Xia and 

colleagues crunched the numbers for many of these 

desperate mitigation measures as well. But once the food 

available in the world drops by î or ï, people starve no 

matter how wisely they order their affairs.

     

250 15 kX 
[eaTSRW

250 100 kX 
[eaTSRW

250 50 kX 
[eaTSRW

500 100 kX 
[eaTSRW

How much would calories available from major food crops and fisheries worldwide fall 
in each of the below scenarios of an India-Pakistan nuclear war? 

involving 50 kt weapons, 

available calories would 

fall 33í. For the scenario 

involving the 100 kt 

weapons, available 

calories would fall 41í. 

And for the extreme 

scenario of 500 100 kt 

weapons – again, 

“extreme” still assumes a 

purely regional conflict, 

where the vast majority of 

the worldʼs nuclear 
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WhaW doeV iW mean Zhen WoWal global 
caloUieV aYailable dUoS b\ almoVW 50%?b
Calo-ic -e,0i-emen/. 1a-4 2idel4 depending on a 

pe-.on�. age� gende-� le1el of ac/i1i/4� .i5e and 

0nde-l4ing medical condi/ion.� Acco-ding /o /he UN 

Food | Ag-ic0l/0-e O-gani5a/ion ¬FAO­� /he global 

a1e-age in/ake i. ����� kcal²da4� The minim0m /o 

.0./ain no-mal ac/i1i/4 and heal/h i. -o0ghl4 ����} 

kcal²da4� a f-e,0en/l4 ci/ed /a-ge/ in eme-gencie. i. /o 

main/ain ��~}} kcal.²da4� 2hich i. al.o /he aid 

comm0ni/4�. /h-e.hold fo- 0nde-no0-i.hed�Á⁶

Xia and colleag0e. 0.e ~��~~ kcal.²da4 a. a 

./a-1a/ion c0/off� The4 calc0la/e § no/ j0./ fo- /he 

2o-ld� b0/ na/ion b4 na/ion § ho2 man4 people 

2o0ld ine1i/abl4 end 0p pe-.i./en/l4 belo2 /ha/ 

n0mbe- and .o 2o0ld die of h0nge-� 

I/ i. a n0anced model § a. men/ioned abo1e� /he4 do 

con.ide- de.pe-a/ion mea.0-e. .0ch a. ea/ing 

li1e./ock feed� 0npala/able fi.h and food 2a./e� B0/ a. 

al.o men/ioned� /he4 a-e onl4 modeling c-op fail0-e. 

d0e /o S0n¦blocking .oo/ and /he a..ocia/ed global 

cooling� Significan/l4� /he4 do no/ con.ide- /he effec/. 

on a1ailable food o- h0man heal/h of -adioac/i1e 

fallo0/ f-om /he n0clea- 2a-� o- of inc-ea.ed UV 

-adia/ion f-om likel4 o5one damage� o- of economic 

di.-0p/ion. f-om an4 po..ible b-eakdo2n of .0ppl4 

chain. o- p0blic o-de-� So� /he model p-o1ide. an 

incomple/e pic/0-e of /he mon/h. and 4ea-. af/e- a 

-egional n0clea- 2a-� and if an4/hing ma4 

0nde-e./ima/e /he en.0ing c-op fail0-e. and ma.. 

famine�

Tha/ .aid� /he p-edic/ed -e.0l/. a-e f-ankl4 ho--ific� ¬See Table �­�

Global aYeUage 
inWake

AccRUdiQg WR Whe UN 
FRRd & AgUicXlWXUe 

OUgaQi]aWiRQ (FAO), Whe 
glRbal aYeUage iQWake iV 

2,884 kcal/da\. 

2,884 
kcal/da\

2,350 
kcal/da\

MinimXm Wo 
VXVWain noUmal 

acWiYiW\ and 
healWh

2,100 
kcal/da\

TaUgeW in 
emeUgencieV

1,911 
kcal/da\

SWaUYaWion 
cXWoff

A fUeTXeQWl\ ciWed WaUgeW 
iQ emeUgeQcieV iV WR 

maiQWaiQ 2,100 kcalV/da\, 
Zhich iV alVR Whe aid 

cRmmXQiW\'V WhUeVhRld 
fRU XQdeUQRXUiVhed.t⁸

Xia aQd cRlleagXeV  chRVe 
WR XVe 1,911 kcalV/da\ aV 

a VWaUYaWiRQ cXWRff. 

Xia and colleag0e. calc0la/e ./a-1a/ion dea/h. b4 4ea- /2o af/e- a mode-a/e¦.i5ed �-egional� n0clea- 2a- § .o� a 2a- 0.ing a 

.mall f-ac/ion of ma..i1e 2o-ld a-.enal. § 2o0ld kill abo0/ ��~ billion people� man4 of /hem half¦2a4 a-o0nd /he 2o-ld 

f-om a pa-/ic0la- 2a- 5one� A la-ge-¦.i5ed �-egional� 2a- § .o� again� a 2a- no/ b-inging in/o pla4 /he ma..i1e a-.enal. of 

/he Uni/ed S/a/e. o- R0..ia� b0/ 0.ing a .ignifican/ po-/ion of /he .malle- a-.enal. of a .econd¦/ie- n0clea- po2e- ¬.0ch a. 

India� China� Paki./an� I.-ael� Uni/ed Kingdom o- F-ance­ § 2o0ld kill abo0/ ��� billion people� 

IPPNW
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NDWLRQ (SRSXODWLRQ LQ
PLOOLRQV LQ 2010)

PUHTXHO VFHQDULR:
100 VPDOO (15 NW)

ZHDSRQV DUH
GHWRQDWHG,

JHQHUDWLQJ 5 TJ
RI VRRW DQG OHDGV

WR - 1.3�C RI
JOREDO FRROLQJ.

SFHQDULR 1: 250
VPDOO (15 NW)
ZHDSRQV DUH
GHWRQDWHG,

JHQHUDWLQJ 16 TJ
RI VRRW, ZKLFK

OHDGV WR - 2.5�C
RI JOREDO FRROLQJ.

SFHQDULR 2: 250
PLG-VL]HG (50 NW)

ZHDSRQV DUH
GHWRQDWHG,

JHQHUDWLQJ 27 TJ
RI VRRW, ZKLFK

OHDGV WR - 4.5�C
RI JOREDO FRROLQJ.

SFHQDULR 3: 250
ODUJHU (100 NW)
ZHDSRQV DUH
GHWRQDWHG,

JHQHUDWLQJ 37 TJ
RI VRRW, , ZKLFK
OHDGV WR - 5.5�C

RI JOREDO FRROLQJ.

SFHQDULR 4: 500
ODUJHU (100 NW)
ZHDSRQV DUH
GHWRQDWHG,

JHQHUDWLQJ 47 TJ
RI VRRW, , ZKLFK
OHDGV WR - 6.5�C

RI JOREDO FRROLQJ.

SFHQDULR 5: A
JOREDO QXFOHDU
ZDU JHQHUDWHV
150 TJ RI VRRW,
ZLWK \HDUV RI

EHORZ-IUHH]LQJ
WHPSHUDWXUHV LQ

VXPPHUV.

:RUOGZLGH (6,703) 335.5 1,122.4 1,579.3 2,238.8 2,675.3 5,413

AXVWUDOLD (22.4) 0 0 0 0 0 0

AXVWULD (8.4) 0 3.1 4 7.4 7.2 8.4

BUD]LO (195.2) 0 0 0 0 0 54

CDQDGD (34) 0 7.5 29.2 33.6 33.7 34

CKLQD (1,367.4) 25.2 558.4 821.9 1,031.9 1,117.3 1,362.3

FLQODQG (5.4) 1.3 5.3 5.3 5.30 5.30 5.30

GHUPDQ\ (83) 0 0 0 61.7 63.9 82.9

IQGLD (1,205.6) 0 0 0 0 97.1 731.1

IUDQ (74.5) 0 5.2 17 20.4 23.5 73

IUHODQG (4.5) 0 0.6 1 1.7 2.9 4.4

IVUDHO (7.4) 5 5.1 5.2 5.3 5.6 7.1

IWDO\ (60.5) 0.2 5.3 13.3 28.4 26.9 59.4

JDSDQ (127.4) 79.2 102.8 112.2 119.1 121.9 125.6

KHQ\D (40.9) 5.7 11.6 13.4 16.8 19.9 35.5

MH[LFR (117.9) 0 18.3 34.9 44.2 61 109.9

NHWKHUODQGV (16.6) 1.7 7.5 7.5 10.8 13.7 16.5

NRUWK KRUHD (24.5) 6.3 22.2 22.7 24.4 24.4 24.5

NRUZD\ (4.9) 3.6 4.7 4.7 4.7 4.7 4.8

PDNLVWDQ (173.1) 0 0 0 11.1 14.7 140.4

PRODQG (38.2) 0 0 0 33.9 32.5 38.1

RXVVLD (143.6) 0 78.4 114.7 125.4 125.8 142

SRXWK AIULFD (51.5) 0 2.1 8 14.1 20 42.8

SZHGHQ (9.4) 1.2 6.7 9.2 9.3 9.3 9.3

UQLWHG KLQJGRP
(62.3) 0 18.4 26 39 50.5 62.2

UQLWHG SWDWHV (312.2) 0 0 0 131.1 217.8 309.6

Table 2� Deaths ¬in millions­ by the end of year two ayer simulated nuclear war scenarios
Assumes livestock has been slaughtered� animal feed diverted to human consumption� and international food trade halted� Does not include 
deaths related to ozone depletion� radiation or directly from war itself�

Adapted from Toon et al 200�� Toon et al 201�� and Xia et al 2022�
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C*0)/-ie. M*./ Affec/ed 

b4 N0c'ea- Fa(i)e

High'igh/ed i) *-a)ge a-e 

/he c*0)/-ie. /ha/ 2*0'd 

ha1e /he (*./ .ig)ifica)/ 

-a/e. *f dea/h -e'a/i1e /* 

/hei- +*+0'a/i*)� Thi. i. 

ba.ed *) .ce)a-i* �� ��} 

~}}k KT 2ea+*).� Like 

/he .ce)a-i*. 0.ed i) 

Tab'e �� /hi. d*e. )*/ 

i)c'0de dea/h. d0e /* 

*5*)e de+'e/i*)� 

-adia/i*)� *- di-ec/'4 f-*( 

2a- i/.e'f� 

N*/e /he (aj*- -egi*)a' diffe-e)ce. i) -e.0'/i)g ./a-1a/i*) 

dea/h.� The ./-*)ge./ ca'*-ic -ed0c/i*). d0e /* ab-0+/ 

c**'i)g af/e- a )0c'ea- 2a- a-e f*0)d *1e- /he high 

'a/i/0de. i) /he N*-/he-) He(i.+he-e� Na/i*). .0ch a. 

Ca)ada� Fi)'a)d� N*-2a4 a)d S2ede) a-e /h0. hi/ ha-d� 

The (id¦/*¦high 'a/i/0de. i)c'0di)g Chi)a� Ja+a)� R0..ia� 

/he U)i/ed S/a/e. a)d E0-*+e a'.* .ee (aj*- d-*+. i) f**d 

+-*d0c/i*)� B0/ /he-e i. 'e.. di-ec/ effec/ *) '*ca' 

ag-ic0'/0-e i) (*-e .*0/he-) )a/i*).� i)c'0di)g A0./-a'ia� 

B-a5i'� S*0/h Af-ica� I)dia a)d Paki./a)�

S*(e )a/i*). ha1e .0ch a f*-/0)a/e c*(bi)a/i*) *f 

'*ca/i*) a)d ha-d4 ag-ic0'/0-a' +-*d0c/. /ha/ /he4 .ee( /* 

-ide *0/ e1e) h*--ific 2*-'d e1e)/.� The c'i(a/e¦ag-ic0'/0-e 

(*de' .h*2. A0./-a'ia i) +a-/ic0'a- /*'e-a/e. a da-ke-� 

c**'e- +'a)e/� B0/ agai)� /he (*de' d*e. )*/ acc*0)/ f*- 

(a)4 i(+ac/.� i)c'0di)g -adi*ac/i1e fa''*0/ f-*( a 

)eighb*-i)g 2a-� *5*)e¦'a4e- de+'e/i*)� a)d +*..ib'e 

*)g*i)g (i'i/a-4 *+e-a/i*).� M*-e*1e-� a. Xia a)d 

c*''eag0e. )*/e i) Na/0-e F**d� i) /he e1e)/ *f 2*-'d2ide 

fa(i)e� �i/ i. )*/ ha-d /* i(agi)e a f'*/i''a *f h0)g-4 

-ef0gee. f-*( A.ia a)d */he- +'ace. headi)g f*- A0./-a'ia 

a)d Ne2 Zea'a)d��

I/ (a4 be c*)f0.i)g /* .ee ./a-1a/i*) dea/h /*''. *f 5e-* f*- 

I)dia a)d Paki./a) § i) .ce)a-i*. /ha/ (*de' a )0c'ea- 2a- 

be/2ee) I)dia a)d Paki./a)� H*2 ca) I)dia a)d Paki./a) 

d* .* 2e''� 2hi'e fa-¦*ff +'ace. 'ike Me3ic* a)d Ja+a) a-e 

de1a./a/ed b4 /hei- 2a-� The e3+'a)a/i*) i. /ha/ /he (*de' 

'**k. a/ c'i(a/e¦d-i1e) cha)ge *)'4� The (*de' d*e. )*/ 

-ec*g)i5e /ha/ I)dia a)d Paki./a) (a4 ha1e bee) 'ai) 
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Minutes Awa\ from Disaster

This paper reviews recent literature on the threat to public 

health of a regional nuclear war. But there is also a 

separate and alarming body of literature about how such a 

war might come about after mere minutes of discussion by 

world leaders, or even entirely by accident.

Large portions of world nuclear arsenals remain poised for 

launch within minutes, in response to computer warnings 

suggesting an incoming attack.Á⁷ Á⁸ This practice has been 

variously labeled as keeping weapons on high alert status, 

launch-on-warning status, or hair-trigger alert. In the 

United States hair-trigger alert has long been criticized as 

reckless and dangerous not just by academics or peace 

activists, but in fact by many who have served at the very 

pinnacle of the national security state.

George W. Bush as a candidate for U.S. president described 

“high alert, hair-trigger status” as an “unnecessary vestige 

of Cold War confrontation” that “may create unacceptable 

risks of accidental or unauthorized launch.” Barack 

Obama as a candidate for U.S. president criticized hair-

trigger alert policies as “a dangerous relic of the Cold War” 

that “increase the risk of catastrophic accidents or 

miscalculation.” After his 2008 election, the Presidentʼs 

website declared: “The United States and Russia have 

thousands of nuclear weapons on hair-trigger alert. Barack 

Obama believes that we should take our nuclear weapons 

off hair-trigger alert.” Á⁹

Á⁹ 

That describes affairs in the United States, a democratic 

nation that pioneered the nuclear weapon and modern 

strategic nuclear war theory. But there is no particular 

reason to believe that nuclear weapons in Russia, India, 

Pakistan, or anywhere else are managed very differently.

Russia, in fact, not only keeps weapons on hair-trigger 

alert, but has even built a system code-named Perimeter 

(more colloquially known as “the Dead Hand”), which 

responds to a major nuclear explosion in Moscow by 

assuming it is a decapitation strike from the United States – 

at which point the Dead Hand launches a retaliatory 

nuclear strike against the presumed enemy.Â⁰ Â¹ The system 

was designed by a top Soviet engineer, Valery Yarynich, 

who later in life had grave misgivings. As The Washington 

Post noted in Yarynichʼs 2012 obituary, “He came to doubt 

the wisdom of maintaining the cocked-pistols approach to 

nuclear deterrence, the so-called hair-trigger alert … He 

feared it could lead to an accidental or mistaken launch. … 

He tirelessly expounded his logic, yet governments were 

not interested.” Nor is Russia likely alone in having an 

automated last-gasp system. According to nuclear weapons 

expert Daniel Ellsberg, “There is every likelihood that … 

Dead Hand systems or arrangements exist in every other 

nuclear weapons state.” Â⁰

Â¹ 

Hair-trigger alert has been called outdated and “absolutely 

insane” by a former CIA director, and “absurd” by a former 

NSA director. One former head of all U.S. nuclear forces has 

testified to Congress that it needs to demand that the 

Pentagon take the weapons off of hair-trigger alert. Another 

former head of all U.S. nuclear forces has advised 

Americans to pray fervently to God that such policies be 

ended. Á⁹

Yet U.S. weapons remain on hair-trigger alert to this day. 

This is so despite multiple near-accidental launches, 

concerns about the cybersecurity of command and control 

systems, and a series of horrified U.S. presidents, generals, 

admirals and intelligence chiefs.

If so, a single nuclear explosion at a national capital such as 

Islamabad or New Delhi could set in motion events that 

could kill billions. This could conceivably be triggered by an 

accident – such as the March 9, 2022, launch by India of an 

unarmed (but nuclear-capable) cruise missile deep into 

Pakistan. The Indian defense ministry reported that “a 

technical malfunction” during “routine maintenance” was 

behind the event.ÂÀ Had the missile been carrying a nuclear 

payload, however – or had the Pakistanis assumed the 

worst – life as we know it might have ended in March 2022, 

a victim of mere “routine maintenance” of hair-trigger 

nuclear arsenals.

Large portions of world nuclear 
arsenals remain poised for 
launch within minutes.
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RRXQded WR Whe cORVeVW 

WhRXVaQd

Figure 2: Comparison of sizes in explosive power 

Source: Matt Korda & Hans Kristensen at the Federation of American Scientists
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Study by
Author¬s­ & Year Study Design Summary of Findings

Crutzen and Birks�
1�82

Considered possible exects of large¦scale city and forest
fires ayer a major nuclear war�

Concluded that potential for large¦scale fires with soot production under¦appreciated� Predicted ozone layer depletion
and global cooling�

Alexandrov and
Stenchikov� 1�83

Modeled potential climate exects of nuclear war using
supercomputers at the Soviet Academy of Sciences� Found significant and prolonged cooling of northern hemisphere ayer a nuclear war scenario�

Turco et al�� 1�83 Modeled potential exects of various nuclear war scenarios
on atmosphere and global climate�

�For many simulated exchanges of several thousand megatons� in which dust and smoke are generated and encircle the
earth within 1 to 2 weeks� average light levels can be reduced to a few percent of ambient and land temperatures can

reach ¦15ã to ¦25ãC�� Even �small� scenarios using less than 1í of Cold War world arsenals led to many months of global
cooling� with sub¦freezing land temperatures even in summer�

Ehrlich et al�� 1�83 Considered possible exects of large scale nuclear war�
�Subfreezing temperatures� low light levels� and high doses of ionizing and ultraviolet radiation extending for many

months ayer a large¦scale nuclear war could destroy the biological support systems of civilization � extinction of the
human species itself cannot be excluded��

Robock et al�� 1�84 Considered possible exects of large scale nuclear war� Found snow ² ice feedbacks would make for more prolonged cooling than initially recognized ayer a major nuclear war�

Pittock et al�� 1�8� Three¦volume� 1�000¦plus page compendium of studies to
date on atmospheric and other exects of nuclear war�

Large¦scale nuclear war would bring years of climate disruption and agricultural collapse� Although tens of millions
might be killed in an initial nuclear weapons exchange� the starvation death toll in coming months and years could be

several times greater�

Toon et al�� 2007

Pioneering study into exects of a minor or regional
nuclear war� in this case between India and Pakistan�
Modeled casualties� damage� radioactive fallout� and

smoke production ayer a regional exchange of 100
nuclear weapons of 15 kilotons� ¬The 15 Mt total modeled

at that time represented 0�1í of world nuclear arsenal
explosive power­�

5 Tg of soot would be injected into high atmosphere� Millions of immediate casualties would occur� rivaling death tolls of
all of World War II� Soot in high atmosphere would likely perturb the ozone layer� Radioactive fallout would cause large

urban areas to be abandoned for decades�

Robock et al�� 2007 Modeled possible exects on climate from the 5 Tg of soot
predicted by Toon et al�� 2007�

Global average surface cooling of 1�25 à C persists for years� More dramatic cooling� of �several degrees Celsius�� occurs
locally over North America and Eurasia� Global average precipitation declines 10í� �The cooling in the decade following
®the minor nuclear war scenario¯ ��� is almost twice as large as the global warming of the past century ��� and would lead

to temperatures cooler than the pre¦industrial Little Ice Age��

Mills et al�� 2008 Modeled possible exects on ozone layer from the scenario
of a war using 100 nuclear weapons of 15 kilotons�

Global decrease of 20í of ozone lower� Over high northern latitudes� including Russia� Europe� Canada and United
States� 50¦70í decrease in ozone layer�

Ozdogan et al�� 2012
Modeled possible exects on U�S� corn and wheat

production from the 5 Tg of soot predicted by Toon et al��
2007�

Showed corn and wheat production dropping 10í a year on average over 10 years� with peak year decreases of ú 20í�
Did not take into account UV damage from ozone depletion� or exect of daily temperature extremes� on crop yields�

Xia and Robock� 2012 Modeled possible exects on Chinese rice production from
the 5 Tg of soot predicted by Toon et al�� 2007�

Showed rice production dropping 15í a year on average over 10 years� with average decreases of more than 20í a year
for the first 4 years�

Xia et al�� 2013
Modeled possible exects on climate and agricultural

production in China from the 5 Tg of soot predicted by
Toon et al�� 2007�

Corn� rice and wheat production would all drop in the immediate year ayer� by 20í� 2�í and 53í respectively� �This
reduction of food availability would continue� with gradually decreasing amplitude� for more than a decade ��� a nuclear
war using much less than 1í of the current global arsenal could produce a global food crisis and put a billion people at

risk of famine�

Stenke et al�� 2013

Used a dixerent climate modeling system in exort to
validate or invalidate findings of climate models used by
Toon� Robock� Mills to investigate exects of a war using

100 nuclear weapons of 15 kilotons�

In summary� this study� though using a dixerent chemistry climate model� corroborates the previous investigations with
respect to the atmospheric impacts�

Helfand� 2013
Literature review of studies to date on exect of a minor or
regional nuclear war on global climate and food supplies�

�Significant� sustained agricultural shortfalls over an extended period would almost certainly lead to panic and hoarding
on an international scale as food exporting nations suspended exports in order to assure adequate food supplies for
their own populations� ��� The number of people threatened by nuclear¦war induced famine would be well over two

billion��

Mills et al�� 2014 Updated prior models of exects on climate and ozone of a
war using 100 nuclear weapons of 15 kilotons�

�Global ozone losses of 20í§50í over populated areas� levels unprecedented in human history� would accompany the
coldest average surface temperatures in the last 1�000 years� We calculate summer enhancements in UV indices of 30í§

80í over mid¦latitudes� suggesting widespread damage to human health� agriculture� and terrestrial and aquatic
ecosystems� Killing frosts would reduce growing seasons by 10§40 days per year for 5 years� Surface temperatures would

be reduced for more than 25 years ����

Reisner et al�� 2018
Used proprietary ¬and not broadly available­ computer
models at Los Alamos National Labs to predict climate

exects of a war using 100 nuclear weapons of 15 kilotons�

Computer models of the U�S� nuclear weapons labs agree that if 5 Tg of soot are injected into high atmosphere� then
climate exects predicted by Robock� Mills� Stenke will occur� They predict less soot will be generated ¬3�7 Tg­ and predict

it will not rise into the high atmosphere� �Our analysis demonstrates that the probability of significant global cooling
from a limited exchange scenario as envisioned in previous studies is highly unlikely� a conclusion supported by

examination of natural analogs� such as large forest fires and volcanic eruptions��

Toon et al�� 201�

Updated prior models of exects on climate of a regional
India¦Pakistan nuclear war� to reflect larger national

arsenals and larger fuel loads in the region�s megacities�
Considered 4 scenarios� Exchanges of 250 weapons of 15
kts� 50 kts or 100 kts each� and exchange of 500 weapons

of 100 kts each�

Escalating scenarios led to ever¦greater soot injections into the atmosphere of 16 Tg� 27 Tg� 37 Tg and 47 Tg� with
corresponding global average cooling of 2�5 à C� 4�5 à C� 5�5 à C� 6�5 à C�

Coupe et al�� 201�
Updated prior predictions of climate exects of all¦out

nuclear war between Russia and the United States� using
NASA Goddard Space Center computer models�

�There is a true nuclear winter � Hard freezes� where temperatures drop below ò4 ãC� would occur through Years 2 and 3
in the summer� making it impossible to grow crops in the United States and Russia� Ukraine� Poland� and Germany would
suxer similar fates� while in China� only the southeast part of the country would stay above freezing during the summer��

Jägermeyr et al��
2020

Used NASA computers to model exects on global
temperature� precipitation and food production ayer an
India¦Pakistan nuclear war using 100 nuclear weapons of

15 kilotons�

Injection of 5 Tg of soot into upper atmosphere would cause an average of 1�8 à C cooling over next 5¦10 years� with
decrease in global available average calories from crops of 13í� and of average available calories in 71 most exected

countries of ÷ 20í� This �food supply shock would have more severe societal implications than any other event
documented in recent history��

Bardeen et al�� 2021

Uses an assumed 5 Tg soot load from a regional India¦
Pakistani war and calculates through a combined climate

and chemistry model the exects on the global ozone
layer� ¬Also runs the same simulation for a 150 Tg soot

load from a massive nuclear war­�

A regional nuclear war would degrade the global ozone layer by 25í� and the ozone would take at least a dozen years to
recover� ¬A massive nuclear war would deplete 75í of the ozone layer� and it would take 15 years or more to recover­�

Xia et al�� 2022

Modeled exects on agriculture and aquaculture� and
worldwide available calories� from each of the escalating
regional India¦Pakistan nuclear war scenarios described

by Toon et al�� 201��

Escalating scenarios led to ever¦greater drops in total available calories worldwide of 23í� 33í� 41í and 48í�
Worldwide starvation scenarios lead to up to 2�6 billion deaths� most of them from starvation� over the ensuing 2 years� A

separately modeled major nuclear war between Russia and the United States led to a drop in worldwide available
calories of 81�3í and global deaths of 5 billion� or three people out of four� The study does not consider exects on

agriculture or human health from radioactive fallout or increased UV radiation from ozone layer degradation�

Table 3� Nuclear Famine Studies
IPPNW
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