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Climate consequences of 
a - limited - nuclear exchange

1982 :  Original paper by Paul J. Crutzen (co-
laureate 1995 Nobel Prize in Chemistry for his 
work on stratospheric ozone), and 
John W. Birks, in the Swedish environmental 
journal Ambio  

- Monstrous fires in burning cities would lead to 
huge emission of dust and soot that could absorb 
Sun’s radiation for years resulting in catastrophic 
reduction of agricultural production throughout the 
Northern hemisphere. 

- stimulated further scenario studies on collateral 
effects of nuclear explosions                         
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Nuclear winter basics

● NW exploded on cities produce fires, with massive amount of 
smoke rising up in the atmosphere. 

● Soot disperses globally once it has reached upper 
atmosphere. 

● Smoke blocks sunlight, earth surface becomes cold and dry, 
stratosphere is heated, destroying ozone and increasing UV 
radiation

● Sea ice extension
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  Use a 3D GCM with coarse resolution : 
« Strong temperature drop over the surface of continents 
of the Northern hemisphere, the warm up of large 
mountains, the crucial change of the hydrological cycle and 
of the mechanism of the global circulation of the 
atmosphere »

1D radiative convective model, low computer power, no 
dynamical response, no spatial distribution 
« For many simulated exchanges of several thousand 
megatons in which dust and smoke are generated and 
encircle the earth with 1 to 2 weeks […] land temperature 
can reach -15 to -25 °C […]  Large horizontal and vertical 
temperature gradients caused by absorption of sunlight in 
smoke and dust clouds may greatly accelerate transport of 
particles and radioactivity from the Northern hemisphere to 
the Southern Hemisphere. When combined with the prompt 
destruction from nuclear blast, fires, and fallout and the later  
enhancement of solar ultraviolet radiation due to ozone 
depletion, long-term exposure to cold, dark, and radioactivity 
could pose a serious threat to human survivors and to other 
species »     « Nuclear winter »
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12 February 1985, Ronald Reagan : nuclear winter is the reason 
why US and USSR should reduce nuclear stockpiles 

« Or now, as 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 »

Mikhail Gorbachev : "great stimulus" to act and reverse the 
arms race

« 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. »
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● 12,500 NW, 1/4 operational

● New NWS : North Korea (30), Israël (80), India (160), 
Pakistan (165) (Sipri, 2023) 

● Climate models : more computer power, models more accurate
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2007 : Toon, Robock, Turco et al : Nuclear winter revisited with a modern climate 
model and current nuclear arsenals: Still catastrophic consequences  

- atmospheric model coupled with ocean general circulation model.

- simulating a realistic atmosphere up to 80 km (23 layers)

- models the ocean thermal inertia at different depths and oceanic circulation 
changes : can compute the ocean response, surface and deep layers (13 layers) 

- sea ice model 

- module to compute the transport and removal of aerosol particles

- resolution : 4 X 5 °

- 10 years simulation : longer time scale for the climate response and removal of 
aerosols

- calibration of models : satellite observations, volcanic eruptions, forest fires, oil-
well fires  (Gulf war)

 --->  smoke particles heated by the Sun rising in the upper atmosphere would 
remain for many more years : climatic effects last longer / 1983 studies
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 ● 2 x 10 years simulations with 150 Tg (total current 
stockpile) and 50 Tg (1/3 stockpile) smoke injected in 
upper troposphere on one week starting 15 May.

● Black carbon particles are heated by Sun radiation 
and lofted in upper stratosphere

● Aerosols quickly spread globally and produce long 
lasting climate forcing

● Cooling larger on land
● Last ice age, 18000 years ago, T : -5°C / present
● Main uncertainties : amount of smoke 
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Déplacement de la moyenne et  
fréquence des extrêmes 

(+ intensité et durée)
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● Cooling →evapo-transpiration / convection / 
precipitation are reduced 

→ global hydrological cycle is weakened
● Summer monsoon collapse
● Global precipitation : - 45 % (150 Tg).
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Results for 50 Tg
● climate response is identical to 150 Tg, but with 50 % 

amplitude : saturation effect : once solar radiation is 
blocked, additional soot has smaller effect. 

● Identical timescale of response : aerosols have same 
stratospheric residence time / 150 Tg : for lower soot 
amount, solar radiation can affect larger proportion of 
soot and it is lofted higher.
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2007 : Climatic consequences of regional nuclear conflicts

● Same model
● Scenario : India/ Pakistan : 50 + 50 15 kt NW (0,03 % / 2007 

explosive yield) on biggest cities
● 1-5 Tg of black carbon aerosols.
● - 1.25 °C after 3 years, - 0.5 °C after 10 years, T changes larger 

over land, large T drop over grain growing regions
● Global precipitation : - 10 %  
● Large effects in regions far from conflict zone
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- work resumed in 2017 / Open Philanthropy Project

- India and Pakistan have > 160 nw in 2023. Crisis prone region. Missile (tactical and 
ballistic) and airborne capacities allow them to strike most of the main cities of the other 
country.

- increased yields : 12 kt, 50, 100  (to several hundreds?)  

- / 2007 : urban population increasing (up to 37 to 80 000 hab/km2 in India)

- several scenarios (advice from military and policy experts) 

- main determinants : uncertainties : nb of NW used, yields, 

targets, ignition processes, smoke composition, lofting.

 

2019 : Rapidly expanding nuclear arsenals in Pakistan and India 
portend regional and global catastrophe
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  - scenario 2 : 100  NW / India, 150 NW / Pakistan. 15 kt. Only towns are 
targeted. War last one week. 

- 52 millions fatalities 

- 16,1 Mt of black carbon in the atmosphere after 20 % removed by black 
rain 

- T average over land = - 4 °C

- precipitation reduced = - 15 %

- ocean thermal inertia and sea ice extension : effect max 3 y after 
conflict, last 4 y, preconflict after 12 y

- large decrease of precipitation in India, central China, some regions of 
the US (North East and Midwest) could loose 50 %.

- 926 million people starving to death after two years
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2020 : A regional nuclear conflict would compromise global 
food security

● Before simplified single crop, localized 
● Global scale assessment model, with 6 crop 

models
● Scenario : 5 Tg black carbon
● T < 1.8 °C, precip < 8 % for > 5 years
● Gradual recovery in years 10-15
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  Global cereal production losses over 5 years 

Maize (35% of total global prod/trade)  - 12.6 (±1.2) %

Ice and snow feedback, cold damage, fail to reach maturity
-> higher losses at high latitudes = main food producers

Canada and US (40% prod) : - 17.5 (±2.4) % 
China and East Asia (18% prod) : - 6.3 (±1.2) %
Europe (15% prod) : - 16.7 (±5.5) %
Russia (1.8% prod) : - 48.2 (±4.5) %

- Wheat (24 % cereal prod) : - 11 (± 8 %) %
- Rice (21 % cereal prod) : - 3 (± 5 %) %
- Soybean (10 % cereal prod) : - 17 (± 2 %) %
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- Domestic reserves and global trade could provide food for 
the first year

- repercussions on international food trade → shock worldwide

→ constrain food availability in food insecure countries 

- after 5 years, maize / wheat 

 > -10 % in countries / 3.7 billion hab

 > - 20 % in 71 countries  / 1.3 billion hab

- Climate response is proportional to BC mass 

                → Linear crop decline -1.5 °C to -4°C  
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2022 : Global food insecurity and famine from reduced crop, 
marine fishery and livestock production 

due to climate disruption from nuclear war soot injection

● simulations of major crops and marine fish → 
assess global calorie supply.

● crops : 5 (47) Tg : - 7 (50) % year 1-5
● fish : T decrease is less in oceans
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Impacts on calories intake

● FAO (2010) : global calorie 51% cereals, 31% vegetables, fruit, 
roots, tubers and nuts,18% from animal and related products (of 
which fish : 7%)

● many crops (maize and soybean) are used mainly for non-food 
uses (livestock feed)

● international food trade suspended

● food distributed equally inside nations

● 5 Tg : most nations show < calorie intake /2010 but still sufficient 
to maintain weight
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Food intake in year 2
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Some conclusions

● An exchange involving about 1 % of current NW stockpile of nuclear weapons 
would have global climate consequences of a nature and magnitude never 
before known. 

● The indirect effects, impacting also populations outside the conflict zone, 
would be far greater than the direct effects.

● Indiscriminate killing / no possible protection, even in case of a limited 
exchange : however adaptation of the doctrines makes the NW use more 
likely.

● Upon learning of the findings of the 2007 study, Gorbachev said: 

“I am convinced that nuclear weapons must be abolished. Their use in a 
military conflict is unthinkable; using them to achieve political objectives 
is immoral. Over 25 years ago, President Ronald Reagan and I ended our 
summit meeting in Geneva with a joint statement that ‘Nuclear war 
cannot be won and must never be fought,’ and this new study 
underscores in stunning and disturbing detail why this is the case."
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2 billion people could die from a regional war

Uncertainties :

* Effect of reduced population

* Farm management adaptation

* Alternative food sources  (sea weeds, .. )
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