
We easily dismiss the horror of nuclear war as beyond 
our imaginings. It's not easy to come to grips with the 
fact that we have created an arsenal of nuclear weapons 
that is poised to deliver world-wide death and 
destruction. 

Y e t i gno r ing it w o n ' t make this n ightmare 

g o away. W e have to ' think the unthink

able ' i f w e are to see a way ou t o f ou r 

p red icament . 

A t a c o n f e r e n c e he ld at the Austra l ian 

Na t iona l Univers i ty last M a y , m o r e than 

4 0 0 p e o p l e conf ron ted the issue o f what 

the c o n s e q u e n c e s o f a major nuc lear war 

m i g h t be . N o b o d y was left in m u c h d o u b t 

that these w o u l d b e so terrible that s u c h 

a war c o u l d no t serve any rational pur

p o s e , even for the 'w inn ing ' s ide. 

M o s t d i s cus s ion o f the effects o f nu

clear con f l i c t has concent ra ted o n the 

death and des t ruct ion caused direct ly by 

the un imaginably powerful exp los ions and 

by the radiat ion released by the b o m b s . 

Es t imates s u c h as the U n i t e d States 

Na t i ona l Secur i ty C o u n c i l ' s p red ic t ion 

that 140 m i l l i o n A m e r i c a n s and 113 mi l 

l i o n Sov ie t c i t izens w o u l d d ie f rom the 

immed ia t e effects o f a ma jo r nuc lear ' ex 

c h a n g e ' have been bandied about . But 

what about the broad environmental effect, 

the impac t o f a nuc lear war o n the earth's 

capaci ty to suppor t life? 

S o far, w e have on ly sketchy k n o w l e d g e 

o f what this w o u l d be . T h e ques t ion is 

a vitally important and a scient i f ical ly 

d e m a n d i n g o n e . A smal l g r o u p o f sc ien-
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tists at the C S I R O D i v i s i o n o f A t m o s 
pher ic R e s e a r c h have devo ted t ime to it, 
and their initial f ind ings were presented 
in t w o papers del ivered to the c o n f e r e n c e . 
D r Barrie P i t tock r ev iewed the general 
phys ica l nature o f the g loba l impac t , and 
M r Ian Ga lba l ly (and co -worke r s i n W e s t 
G e r m a n y and S w e d e n ) concen t ra ted o n 
quant i fying the effects, part icularly o n 
Austral ia . S o m e aspects o f their studies 
d r e w o n w o r k by D i v i s i o n a l c o l l e a g u e s 
D r Peter M a n i n s and D r Ian Ent ing . 

Two scenarios 
A great deal depends , o f c o u r s e , o n the 
nature o f the hypothe t ica l war. D r P i t tock 
referred to t w o war scenar ios , bo th c o n 
s idered reasonable at the t ime they were 
p r o p o s e d , w h i c h differ cons iderab ly . 

O n e was the basis o f a 1975 report by 
the Un i t ed States Na t iona l A c a d e m y o f 
S c i e n c e s . I n that scenar io 10 0 0 0 m i l l i o n 
tonnes o f T N T equivalent are e x p l o d e d 
in the Nor the rn H e m i s p h e r e , w i th ha l f 
the warheads large e n o u g h — ha l f a 
m e g a t o n n e or m o r e — to p l ace ha l f their 
debris or m o r e i n the Upper a tmosphere . 
T h a t study largely neg l ec t ed the effect o f 
dust and s m o k e , and instead concen t ra ted 
o n the effects o f the ox ides o f n i t rogen that 
w o u l d b e p r o d u c e d by the h i g h tempera
tures and s h o c k waves associa ted wi th the 
nuc lea r fireballs. 

Every m e g a t o n n e o f exp los ive y ie ld is 
est imated to p r o d u c e about 5 0 0 0 tonnes 
o f ni tr ic o x i d e . T h e A c a d e m y report c o n 
c l u d e d that the nitr ic o x i d e p r o d u c e d by 
the e x p l o s i o n o f 10 0 0 0 m e g a t o n n e s o f 
T N T equiva lent w o u l d cause a large per
cen tage o f the o z o n e shie ld i n the upper 
a tmosphere to be des t royed (up to 7 0 % i n 

m i d nor thern lati tudes), l ead ing to in
creases i n skin cance r , c r o p d a m a g e , and 
other l i t t le-understood (but potent ial ly 
ser ious) b i o l o g i c a l effects. T h e s e effects 
w o u l d last u p to 2 years and, despi te all 
the nuc lear e x p l o s i o n s b e i n g as sumed to 
take p lace nor th o f the equator , w o u l d 
affect the Southern Hemisphere , a l though 
to a lesser extent . 

Part of the huge black cloud 
produced in the Northern 
Hemisphere would spread 
south. 

A m o r e recent (1982) scenar io , pre
pared as the basis o f studies sponso red by 
the S w e d i s h A c a d e m y o f S c i e n c e s ' en
v i ronmenta l journal Ambio, envisages the 
near-surface de tona t ion o f 14 7 4 0 war
heads mos t ly o f sizes ranging f r o m 100 
k i lo tonnes to a m e g a t o n n e . T h e total ex
p los ive y ie ld w o u l d b e 5742 m e g a t o n n e s , 
all but 3% o f it in the Nor the rn H e m i 
sphere. T h e r e w o u l d b e far fewer war
heads large e n o u g h to inject debris directly 
in to the stratosphere than i n the other 
scenar io , so far less ser ious des t ruct ion 
o f the o z o n e layer w o u l d result f rom s u c h 
direct in jec t ion . 

T h e Ambio report sugges ted that m o r e 
ser ious effects c o u l d result f rom the large 
quantit ies o f dust arid s m o k e generated 
by the nuclear exp los ions and the fires they 
w o u l d igni te . Bes ides the p r o d u c t i o n o f 
n i t rogen o x i d e s , nuclear e x p l o s i o n s gen 
erate r a d i o a c t i v e m a t e r i a l , dus t , and 

vapor ized so l ids , i n c l u d i n g an est imated 
1—10 0 0 0 tonnes o f sub-micron-d iameter 
particles per mega tonne o f explos ive yield. 

M r Ga lba l ly ca lcula tes that the p o l l u 
t ion l o a d in the southern a tmosphere f rom 
the Ambio scenar io exp los ions south o f the 
equator m i g h t no t differ m u c h f rom that 
resul t ing f rom the v o l c a n i c erupt ion o f 
Krakatoa in 1883 . W h i l e the aerosol f rom 
nuc lea r e x p l o s i o n s w o u l d probably ab
sorb sunl ight m o r e readily than that f rom 
v o l c a n o e s , the c l imat ic effects o f the t w o 
events w o u l d probably b e o f comparab l e 
magn i tude . A l t h o u g h undes i rable , these 
effects appear insignificant compared wi th 
the di rect effects o f a nuclear war. 

H o w e v e r , part o f the h u g e b l ack c l o u d 
p r o d u c e d i n the Nor the rn H e m i s p h e r e 
w o u l d spread south. T h e scientists f ind 
it difficult to calcula te h o w m u c h w o u l d 
d o so — there are many uncertaint ies — 
but it w o u l d p o s e a grave risk to us. U n 
doub ted ly s o m e o f it w o u l d reach the 
stratosphere and spread g loba l ly . T h e 
c l o u d w o u l d a lso create w o r l d - w i d e c l i 
mat ic dis turbances that m i g h t we l l in
crease air f l o w across the equator at l o w e r 
alti tudes, b r i ng ing m o r e o f the debris 
south . 

P red ic t ing the effect o f a nuc lear war 
is s o m e t h i n g l ike forecast ing the weather 
o n another planet . O u r descr ip t ion c a n 
o n ly b e framed in the m o s t b road terms 
and b e based o n factors w e have already 
r e c o g n i z e d . 

Est imates based o n k n o w l e d g e o f the 
n o r m a l a tmospher ic c i rcu la t ion o n the 
earth c o u l d greatly underes t imate the 
effects o f a Nor the rn H e m i s p h e r e war o n 
the a tmosphe re sou th o f the equator . 
Never theless , short o f d o i n g expensive and 
elaborate ca lcu la t ions w i th h u g e c o m 
puter m o d e l s o f the a tmosphere , this is 
the o n l y practical approach . It shou ld g ive 
us a n o t i o n , at least, as to h o w our at
m o s p h e r i c mant le w o u l d r e spond i f w e 
were to vent ou r co l l e c t i ve anger in a 
nuc lea r war. 

Twilight at noon 
T h e l o w e r a tmosphere ( b e l o w 1 0 - 1 5 k m ) 

is ca l l ed the t roposphere . H e r e , tempera

ture decreases w i th alti tude, and c o n v e c 

t ion, c l o u d formation, and rain occu r . M o s t 

More bomb debris gets into the 
stratosphere (above the tropopause) 
from larger explosions. Bombs detonated 
near the equator rise higher than ones 
near the poles; however, the 
stratosphere is also higher near the 
equator. The net result is that, for the 
same size bomb, more debris reaches 
the stratosphere at polar latitudes. 
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A water-tank m o d e l o f a smoke-filled 
t roposphere . W h e n strong light 
(resembling sunlight) shines d o w n o n the 
murk, the light is absorbed and the top 
layer heats up; the resulting convec t ion 
takes dark material upwards. In the 
same way, smoke may enter the 
stratosphere. 

of the contaminants in this well-mixed 
region will normally be removed in days 
or, at most, weeks. 

Above the troposphere lies the strato
sphere, where the temperature profile is 
such as to inhibit mixing. It has few clouds 
and almost no precipitation; introduced 
material, if too fine to settle out rapidly, 
will stay there for periods ranging from 
6 months to several years. 

Under normal conditions it takes about 
a year for air in one hemisphere to mix 
with that from the other. So nuclear debris 
finding its way into the northern tropo
sphere would nearly all settle out north 
of the equator; however, a substantial pro
portion of stratosphere-borne material 
would inevitably find its way south. 

This contamination would add to that 
from the 173 megatonnes exploded, in the 
Ambio scenario, in our hemisphere. T h e 

critical question is how much debris might 
be injected into the northern stratosphere. 

It is conceivable that nuclear arma
ments may be detonated in the upper at
mosphere either through interception of 
ballistic missiles or in explosions de
signed to burn out electrical circuits over 
a wide area (from their intense electro
magnetic pulse). The scientists have not 
yet modelled such an event. 

More significantly, the fateful mush
room cloud of a nuclear bomb is the sign 
of a hot, rising fireball. T h e bigger the 
blast, the higher that fireball will rise. 

Evidence to date indicates that weapons 
greater than about half a megatonne can 
launch at least half their debris into the 
stratosphere if exploded at latitudes greater 
than 30° , where the lower boundary of the 
stratosphere is at a height of about 10 km; 

The reference scenario 

T h e starting point for the CSIRO scien
tists' work was a hypothetical nuclear war 
described in the Swedish environmental 
journal Ambio in 1982. 

This war begins on June 10, 1985. T h e 
nuclear arsenals of the United States and 
Russia at that time are calculated to total 
about 12 000 megatonnes, deployed in 
55—60 000 tactical and strategic warheads. 

Nor th Amer ica , Europe, and the 
U S S R are assumed to be the main targets, 
and both sides fire their weapons in rapid 
succession. In all, less than half the ar
senal is expended, amounting to 14 741 
warheads and 5742 megatonnes. 

Only 173 megatonnes is exploded in the 
Southern Hemisphere, including 33 in 
Australia. Sydney receives 10 mega
tonnes, Melbourne and Brisbane each re
ceive 3 megatonnes, and other cities with 
more than 100 000 people receive 1 
megatonne. 

T h e fall-out plumes over Australia are 
shown on the map, using the winds pre

vailing 5 years earlier as the guide. T h e 
plumes are drawn to show areas that would 
receive at least 450 rad, a dose that would 
kill about half the population still alive 
within a month. 

It should be added that this scenario, 
especially the number of bombs targeted 

on Australia, is controversial. Dr Des Ball, 
of the Institute of Strategic Studies at the 
Australian National University, believes 
that only the three main joint 
U.S.—Australian bases at North West 
Cape, Pine Gap, and Narrungar, and pos
sibly Cockburn Sound, are likely targets. 

T h e Ambio scenario sees cities with 
more than 100 000 peop le hit. T h e fall
out plumes are drawn according to the 
wind on 10 June 1980. 
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at l o w e r latitudes the boundary rises to 

16 k m , and here a 1-megatonne e x p l o s i o n 

is n e e d e d to ach ieve the same result. 

S ignif icant ly , over recent years mili tary 

strategy has shifted f rom re l iance o n large 

warheads to the use o f smaller , m o r e 

accurate ly targeted o n e s . T h i s is ref lected 

in the reference scenar io , w h i c h sees o n l y 

seven 10-mega tonne dev ices e x p l o d e d . 

Never the less , this event w o u l d lead to at 

least 1 0 % o f the total exp los ive y ie ld 

r each ing the stratosphere. 

Burning cities 
A n equal ly important source o f strato

s p h e r i c c o n t a m i n a t i o n w o u l d b e the 

buoyan t p l u m e s r is ing f rom intense fires 

ign i ted by the nuclear dev ices . T h e 12-

k i l o tonne b o m b dropped o n H i r o s h i m a 

resul ted in a fire that c o n s u m e d 50 0 0 0 

bu i ld ings . W e are cons ide r ing the out

c o m e o f de tonat ing nearly 15 000 w e a p 

o n s wi th y ie lds ten to o n e hundred t imes 

larger. 

L a r g e ci t ies con ta in h u g e quantit ies o f 

c o m b u s t i b l e m a t e r i a l s . T y p i c a l l y , 3 

mon ths ' supply o f o i l arid gas is he ld in 

storage, a m o u n t i n g to 1•5 thousand m i l 

l i o n tonnes w o r l d w i d e , and other bu rn ing 

materials m i g h t add half as m u c h again. 

D r M a n i n s calculates that the largest 

c i t i es w o u l d bu rn wi th in tensi t ies o f 

a round 30 m i l l i o n M W , creat ing s m o k e 

p l u m e s that w o u l d rise to 18 k m (8 k m into 

the stratosphere at latitudes greater than 

abou t 3 0 ° ) . A t l o w latitudes he est imates 

that stratospheric heights w o u l d n o t be 

reached . W e have had an example o f s u c h 

a s m o k e p l u m e — f rom the f irestorm in 

H a m b u r g caused by A l l i e d b o m b i n g in 

1944. T h i s p l u m e is reported to have 

reached 13 k m . Fores t fires w o u l d also add 

s m o k e to the troposphere, but p lumes f rom 

t h e m w o u l d n o t be b ig e n o u g h to reach 

the stratosphere. 

O n D r M a n i n s ' r e c k o n i n g , abou t 2 0 0 

ci t ies (all in the Nor the rn H e m i s p h e r e ) 

w o u l d burn s t rongly e n o u g h to in ject 

debris in to the stratosphere. 

T h e debris f rom fires w o u l d con ta in 

large quantit ies o f ash and soo ty material , 

est imated f rom c o m b u s t i o n and fire safety 

studies to c o m p r i s e , at their sou rce , 2 0 g 

o f particulates per kg o f fuel burnt. In 

add i t ion , h y d r o c a r b o n s and o x i d e s o f 

n i t rogen w o u l d emanate f rom i n c o m p l e t e 

c o m b u s t i o n and damaged or bu rn ing o i l 

and gas we l l s . 

The critical question is how 
much debris might be injected 
into the northern stratosphere. 

T h e total sub-micron-s ized aeroso l pro

d u c t i o n m i g h t b e about 10 m i l l i o n tonnes 

in the Sou the rn H e m i s p h e r e and 2 0 0 

m i l l i o n tonnes in the Nor the rn , D r G a l 

bal ly est imates. A g a i n , stratospheric in

j e c t i on w o u l d b e c o n f i n e d ma in ly to the 

N o r t h e r n H e m i s p h e r e . 

A c t i n g o n the stratosphere, the effect 

o f this debris w o u l d b e to destroy o z o n e , 

w i th a resul t ing rise in the a m o u n t o f 

s t rong ultraviolet rays let th rough. Sc i en 

tists are currently unab le to quantify the 

a m o u n t because o f the opera t ion o f sev

eral subsidiary factors. 

First ly, the b l ack c l o u d i n the t ropo

sphere underneath w o u l d act as a screen 

for the ultraviolet radiat ion, prevent ing 

it r each ing the surface. M o r e o v e r , in the 

Nor the rn H e m i s p h e r e the c l o u d s w o u l d , 

for a w h i l e , b e so th ick (more than 100 

A smoke plume from a bushfire. The 
bigger the fire, the higher the plume 
reaches. Dr Manins calculates that 
plumes from burning cities could rise 
into the stratosphere. 

t imes the no rma l th ickness o f the a tmos

pher ic dust load ing , or 10 t imes that pro

d u c e d f r o m Kraka toa) that very li t t le 

sunl ight w o u l d reach the surface. 

A n d then, all the sun 's energy w o u l d 

b e absorbed in the top k i lomet re o f the 

c l o u d , heat ing it, and m a k i n g it rise rap

idly in to the stratosphere. D r M a n i n s has 

m o d e l l e d this p h e n o m e n o n in a water 

tank, and the result o f the exper iment is 

s h o w n in the pho tograph . H e is unab le 

to say, h o w e v e r , what fract ion o f the tro-

posphe r i c c l o u d w o u l d b e drawn in to the 

stratosphere in this way. 

M r Ga lba l ly calcula tes that i f 5 0 % o f 

the ae roso l emit ted in the Nor the rn H e m -

isphere (poss ib ly 100 m i l l i o n tonnes) 

were un i fo rmly suspended a round the 

g l o b e in this way , sunl ight r each ing the 

earth w o u l d b e r educed to 2 0 % o f its for

m e r strength for m o n t h s — a c l ima t ic 

disaster. 

T h e material that r emained in the trop

osphere w o u l d have the potent ial to fo rm 

a dense pho tochemica l (ozone ) smog . T h e 

scientists are unsure whe ther the sunl ight 

penetrat ing w o u l d be s t rong e n o u g h to 

p r o d u c e s u c h a s m o g f rom the part icu

lates, n i t rogen o x i d e s , and hydrocarbons . 

I f it were , the o z o n e def ici t i n the strat

osphe re w o u l d b e partly c o m p e n s a t e d for 

by an o z o n e excess l o w e r d o w n . I n this 

way , ultraviolet damage m i g h t b e a m e l i o 

rated, but the o z o n e w o u l d damage plants. 

A n d the stratospheric o z o n e reduc t ion 

w o u l d persist m u c h l o n g e r than the tro-

posphe r i c increase . D e p o s i t i o n o f soo t 

w o u l d a l so b e l ike ly to inh ib i t p lant 

g rowth . 

F r o m studies o f the fate o f radioact ive 

material f r o m a tomic tests, and the dis

pe r s ion and settl ing o u t o f a tmospher ic 

part icles , M r Ga lba l ly est imates that i f the 

c i rcu la t ion d id n o t c h a n g e ( w h i c h is un

l ikely) the t ropospher ic c l o u d shou ld de

c l i ne to 3 0 % o f its or ig ina l b u l k wi th in 

2 w e e k s to a m o n t h . M o r e probably , the 

c l o u d w o u l d last longer . 

Part ic les in the stratosphere are l iable 

to stay there for m a n y m o n t h s , and spread 

over the g l o b e . M r Ga lba l ly be l ieves ex

tended c o m p u t e r m o d e l l i n g o f all the fac

tors at w o r k is necessary to def ine the fate 

o f the c l o u d m o r e precise ly , and, in par

t icular , to g ive us an ind ica t ion o f the 

p robab le c l ima t i c effects, especia l ly those 

that m i g h t result f rom major c h a n g e s to 

the n o r m a l a tmospher ic c i rcu la t ion . 
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I n summary , the immedia te effects that. 
a nuc lear war c o n f o r m i n g to the Ambio 
scena r io w o u l d exert o n the Sou the rn 
H e m i s p h e r e a tmosphere w o u l d b e smal l 
in c o m p a r i s o n wi th the direct effects — 
des t ruc t ion o f ci t ies and l o c a l radioact ive 
fall-out. T h e s m o k e and dust c l o u d s pro
d u c e d south o f the equator w o u l d on ly 
c o v e r a t iny percentage o f the surface 
(a l though beneath t h e m sunl ight m i g h t 
briefly be greatly r educed) . T h e y w o u l d 
disperse in a f e w days. 

L o n g - t e r m effects w o u l d be domina t ed 
by what happened in the Nor the rn H e m 

isphere . A pall w o u l d be cast over the 
ent i re H e m i s p h e r e , w h i c h w o u l d un
d o u b t e d l y upse t the w o r l d ' s c l i m a t e , 
a l t hough in u n k n o w n ways . 

Apart f rom this, the m o s t vital ques t ion 
is h o w m u c h s m o k e , radioactivity, and 
n i t rogen ox ides c o u l d enter the nor thern 
stratosphere. F o r whatever a m o u n t d id 
w o u l d inevitably b e shared ' d o w n under 1 . 

Science to help 

Scient is ts have a ro le to clarify the issues 
and nar row the uncertaint ies . It is en
c o u r a g i n g that nuclear war is n o w b e i n g 
l o o k e d at in a scient i f ic l ight . T h e Uni t ed 
States Na t iona l A c a d e m y o f S c i e n c e s and 
the Austra l ian Institute o f Phys ics have 
i s sued statements o n its dangers . 

T h e Sc ien t i f ic C o m m i t t e e o n P r o b l e m s 
o f the E n v i r o n m e n t ( S C O P E ) o f the 
I n t e r n a t i o n a l C o u n c i l o f S c i e n t i f i c 
U n i o n s has b e g u n an international p ro 
jec t o n the env i ronmenta l effects o f nu
clear war. T h e central theme o f the project 
is the c h a n c e s o f h u m a n s and the env i ron

m e n t surviving, and r ecover ing f rom, a 
nuc lear war. 

Andrew Bell 
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