
Nuclear war, 
the atmosphere, 

and climate 

I n recent years great attention 
has been paid to new assess
ments of a possible impact of a 

nuclear war on atmosphere and cl i 
mate. P. Crutzen (West Germany) 
and J. Birks (United States) were 
the first to discover the possible 
critical impact of urban and forest 
fires which would be produced as a 
result of nuclear explosions in the 
atmosphere. 

Such fires must result in the for
mat ion of massive amounts of 
smoke with highly absorbing parti
cles which wil l strongly attenuate 
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solar radiation at the earth's sur
face by as much as 95%. This very 
substantial decrease in insulation 
will produce climate cooling. 

R. Turco, O. Toon, T. Ackerman, 
J . Pollack, and C . Sagan—TTAPS 
[a group of Americans who pub
lished their study results on nu
clear winter in Science, Apr i l 1984] 
—made calculations on the basis of 
a 1-D radiative-convective model 
for various scenarios of a war. They 
concluded that the air surface tem
perature drop over the continents 
of the N o r t h e r n H e m i s p h e r e 
would range up to 40°C, due to ab
so rp t ion of so lar rad ia t i on by 
smoke. 

Further computations made with 
the use of 2-D and 3-D climate 
models by various research groups 
(Lawrence L i ve rmore Nat iona l 

Laboratory, N A S A Ames Research 
Center, Comput ing Center of the 
USSR Academy of Sciences, Na
tional Center for Atmospheric Re
search) supported these prel imi
nary conclusions about a severe 
climate cooling and led to the con
cept of nuclear winter. 

The global geographical distri
bution of climate change has been 
studied to show that this distribu
tion is very inhomogeneous. Some 
of the simulations showed that a 
great change of average meridional 
circulation can be expected. A sin
gle interhemispheric cell of me
r i d iona l c i r c u l a t i o n w i l l form 
instead of the two wel l -known 
Hadley cells in the Tropics. The re
sults mean that a nuc lear war 
would be equivalent to a global 
ecological catastrophe. 
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A n i m p o r t a n t q u e s t i o n , of 

course, is the re l iab i l i ty of numer i 

cal mode l i ng , w h i c h is di f f icul t to 

assess under the c i rcumstances , al

though it is qu i te c lea r that there 

are a number o f assumpt ions w h i c h 

need to be ver i f ied . T h e y are, to 

name but a few: rap id g lobal d i f fu

sion of smoke par t i c les and the i r 

homogeneous d is t r ibu t ion in the 

atmosphere ; c loud iness dynamics ; 

e v o l u t i o n o f t h e a t m o s p h e r i c 

g reenhouse ef fect ; pa r t i c l e scav

eng ing : and p r i nc ipa l op t i ca ! p r o p 

er t ies o f s m o k e pa r t i c l es (s ing le 

scat ter ing a lbedo , scat ter ing func

t ion). 

Such natural analogs as the T u n ¬

guska meteor fall in 1 9 0 7 and more 

recent vo lcan ic e rupt ions (speci f i 

cal ly E l C h i c h o n ) , may be used for 

ve r i f i ca t i on p u r p o s e s , but it has 

been shown that the i r s ign i f i cance, 

the d e g r e e of s im i l a r i t y , is v e r y 

m u c h l im i ted . 

Validity-checks 

To check the va l id i ty o f n u m e r i 

ca l m o d e l i n g , f u r t h e r i m p r o v e 

ments to the m o d e l i n g i tse l f w o u l d 

he lp ; b e y o n d that, we shou ld ana

l yze observed cond i t ions af ter n u 

clear tests in the a tmosphere dur 

ing the late 1950s and ear ly 60s. 

H i g h - a l t i t u d e b a l l o o n m e a s u r e 

ments of total d i rect solar rad ia t ion 

at a l t i tudes o f about 30 k m made 

by the a u t h o r and G . N i k o l s k y 

(U.S.S.R. ) are he lp fu l in this re 

spect. 

These ba l loon measurements re 

vea led a substant ial add i t iona l d e 

crease o f solar radiat ion b y the at

mosphere above 30 k m after tests 

— s o m e t i m e s as m u c h as 6 % or 7%. 

App rox ima te est imates have s h o w n 

that this decrease is due to an i n 

crease o f N O 2 content in the strato

sphere p r o d u c e d by nuc lea r exp lo 

sions. 

O n an average, for the N o r t h e r n 

H e m i s p h e r e , the air surface tem

perature decreases because o f the 

in jec ted NO2 d u r i n g the decade o f 

t h e 1 9 6 0 s c o u l d r e a c h 0.3ºC, 
w h i c h co inc ides c lose ly w i th ob 

served coo l i ng . T h u s it may be con 

c l u d e d that c l imate c o o l i n g d u r i n g 

the 60s was d u e to inc reased NO2 

content in the a tmosphere and the 

at tenuat ion o f solar rad ia t ion as a 

result o f nuc lea r tests. 

I f w e assume now that it is poss i 

b le to scale the leve l o f c l ima te 

coo l i ng l inear ly by tak ing into ac

count the cumu la t i ve p o w e r o f n u 

c lear e x p l o s i o n s — w h i c h c o u l d be 

as m u c h as 104 M t — t h e n nuc lea r 

w a r on such a scale w i l l lead to a 

g loba l c l imate c o o l i n g on the o r d e r 

o f 10°C d u e to the NO2 inc rease. 

Improved modeling 

R e g a r d i n g i m p r o v e d m o d e l i n g , 

an impor tant result is connec ted 

w i t h resu l ts o f 1-D c a l c u l a t i o n s 

made by K. K o n d r a t y e v , N . Mos¬

ka lenko , and S. G u s e v (USSR) , w h o 

took in to account m o r e care fu l l y 

such factors as the evo lu t i on of the 

g r e e n h o u s e e f f e c t d u e to pro

longed process of b u r n i n g and the 

ver t ica l d is t r ibu t ion of g reenhouse 

componen ts . These ca lcu la t ions re

vea led a c l imate w a r m i n g at the be

g i n n i n g f o l l o w e d by s u b s e q u e n t 

c o o l i n g and then w a r m i n g aga in . 

T h e scale o f d is tu rbances o f the 

a tmospher i c chem ica l compos i t i on 

as a result o f mu l t i p l e nuc lea r ex

plos ions is so e n o r m o u s that, un 

doub ted ly , this w i l l lead to s t rong 

g loba l c l ima te change and e c o l o g i 

cal catast rophe. It is h igh ly p roba 

b l e , h o w e v e r , that the p r i n c i p a l 

cause o f the ca tas t rophe is not just 

" n u c l e a r w i n t e r " but an even m o r e 

ser ious s t rong c l ima t i c instabi l i ty. 

Editors note: T h i s a r t i c le is a b r i e f 

summary o f a de ta i led r e v i e w o f 

the " n u c l e a r w i n t e r " s c e n a r i o 

w h i c h has been pub l i shed by K. Ya. 

K o n d r a t y e v , S. N , Ba ibakov , and 

G. A . N i k o l s k y in the pape r " N u 

c lea r W a r , A t m o s p h e r e and C l i 

m a t e " (Science in the USSR, 1985, 

N o s . 2,3). 
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