
D r G a r t h Pal t r idge is a physicist . F o r t h e 
pas t 8 years h e has b e e n s tudy ing wha t 
happens t o t h e energy reach ing us f rom 
t h e s u n , a n d h o w it p roduces ou r c l imate 
a n d suppor t s l iving th ings . H i s subject 
of in teres t is h u g e a n d compl ica ted , a n d 
one t h a t still n o b o d y has really b e g u n to 
u n d e r s t a n d . F o r ins tance , h e a n d his 
colleagues at t h e CSIRO Divis ion of 
A tmosphe r i c Physics a t Aspenda le , nea r 
M e l b o u r n e , regard w i t h great scept ic ism 
any predic t ions t h a t pol lu t ion will have 
such a n d such an effect on t h e wor ld 
c l imate . As far as t h e y are conce rned we 
jus t d o n ' t ye t k n o w enough . 

T h e m o d e r n app roach for t ry ing t o 
p red ic t h o w th ings like pol lu t ion will 
affect o u r c l imate involves feeding t h o u ­
sands of details of vast compl ica ted 
mode ls in to great ' n u m b e r - c r u n c h i n g ' 
c o m p u t e r s . 

F o r D r Pa l t r idge , th i s goes against t h e 
gra in . L i k e so m a n y physicis ts before 
h i m , h e loves simplici ty. F o r h i m the 
c o m p u t e r model l ing app roach is like 
t ry ing to work ou t h o w a j u m b o jet will 
pe r fo rm b y looking a t its h u g e n u m b e r of 
par t s w i t h eyes tha t canno t see any c o m ­
p o n e n t t h a t is smaller t h a n a cer ta in size. 
T o get a n answer at all f rom a c o m p u t e r 
mode l , a s sumpt ions a n d approximat ions 
have t o b e fed in , so we can ' t b e very 
confident t h a t t h e final answer is r igh t . 
I n fact, D r Pa l t r idge poin ts ou t , we still 
can ' t even pred ic t t h e m e a n t e m p e r a t u r e 
of t h e ea r th us ing th is a p p r o a c h — w h i c h 
we have already m e a s u r e d — w i t h o u t 
mak ing assumpt ions wh ich , in effect, 
a s sume t h e answer beforehand . So h e 
doub t s t h a t we have m u c h h o p e of 
correct ly p red ic t ing th ings w e d o n ' t have 
t h e answer t o . 

I t ' s n o t t h a t D r Pa l t r idge th inks tha t 
developing h u g e mode ls is a was te of 
t i m e a n d m o n e y , h e jus t feels t h a t we 
n e e d to get m u c h m o r e informat ion abou t 
t h e a tmosphe re a n d t h e sea before this 

approach can confidently yield t r u e 
answers . 

So h e fell back on t h e classical p h y s i ­
cist 's m e t h o d — h e looked for a s imple 
answer b y searching for an unde r ly ing 
law tha t wou ld govern t h e compl ica ted 
energy transfer sys tem t h a t is our cl imate. 
H e th inks h e m a y have found it . So far it 
has s tood u p to all tests appl ied t o it . I f 
he ' s r igh t , t h e n a t last i t will b e possible 
t o make some confident predic t ions . 

E a r t h k e e p s i t s c o o l 

T o s tar t wi th , let 's have a look a t t h e 
wor ld s i t t ing o u t in space a n d t h e in ­
fluences act ing o n i t . T h e ea r th receives 
radia t ion f rom t h e s u n , wh ich t ends t o 
hea t i t u p . Qui te a b i t o f th is rad ia t ion is 

. . . he looked for a simple 
answer by searching for an 
underlying law that would 
govern our climate. 

reflected back in to space, b u t b y n o 
means all. Yet t h e g lobe is no t ge t t ing 
ho t t e r , a n d i t keeps itself in ba lance by 
radia t ing infra-red rays back in to space. 

T h e ea r th absorbs t h e m o s t rad ia t ion 
f rom t h e s u n near its equa to r , a n d very 
litt le at t h e poles . B u t it radiates infra-red 
rays back in to space f rom all la t i tudes . 
So , some process m u s t b e going on to 
t ransfer t h e energy absorbed a t t h e 
equa tor towards t h e poles . I n fact, th is 
t ransfer process goes on in t h e a tmosphe re 
a n d i n t h e oceans , a n d th is is w h a t p r o ­
duces t h e day- to -day wea the r condi t ions 
t h a t m a k e u p our c l imate . 

W e all know t h a t our c l imate consists of 
a large n u m b e r of var iable a n d in t e r ­
re la ted features such as t h e t e m p e r a t u r e , 
h u m i d i t y of t h e air a r o u n d u s , rainfall, 
a n d t h e a m o u n t of c loud cover. C louds 
a n d t h e fraction of t h e ear th ' s surface 

tha t t h e y cover at any m o m e n t are wha t 
give climatologists the i r biggest h e a d ­
aches . So far n o mode l has really been 
able t o cope wi th t h e m . 

Clouds reflect t h e sun ' s radia t ion back 
in to space ( thus cooling t h e ea r th ) , and 
they reflect t h e ear th ' s infra-red radia t ion 
back towards t h e g r o u n d ( thus hea t ing i t ) . 
Scient is ts a re still d i sput ing which effect 
w i n s — w h e t h e r m o r e c loud makes t h e 
wor ld ho t t e r or coo le r—but t h e present 
consensus is tha t m o r e c loud cover wou ld 
cool t h e ear th . 

B u t even if t hey knew the answer t o 
tha t ques t ion , t hey wou ld still b e s tuck, 
because t h e y d o n ' t know wha t de termines 
t he a m o u n t of c loud covering t h e ear th . 

Obviously t h e presence of clouds is 
connec ted wi th such factors as t he 
t empe ra tu r e a n d h u m i d i t y , b u t they 
d o n ' t k n o w how. T o m a k e predic t ions 
abou t cl imatic change , c o m p u t e r models 
have t o assume t h a t t h e c loud cover is 
cons tant or make some similar a ssumpt ion 
tha t p robab ly i sn ' t t r u e . 

I s s u e d u c k e d 

D r Pal t r idge has by-passed t h e p rob lem. 
By looking for some unde r ly ing law 
ra the r t h a n a t t empt ing to p red ic t wha t 
clouds shou ld d o f rom wha t we k n o w 
abou t t h e m , h e has p r o d u c e d a s imple 
mathemat ica l equa t ion tha t , a m o n g o ther 
th ings , shows h o w t h e wor ld ' s c loud cover 
will al ter w h e n o the r cl imatic influences 
vary. I n o ther words h i s equat ion shows 
what t he c louds will d o w h e n o ther i n ­
fluences change , w i thou t saying why. 

T o find his under ly ing law of t h e 
c l imate , D r Pal t r idge looked for wha t ' s 
k n o w n as a ' m i n i m u m pr inc ip l e ' . Phys i ­
cists often do th i s t o solve p rob lems . 
W h a t they are do ing is looking for some 
under ly ing physical factor t h a t t ends to 
opera te a t t h e m i n i m u m possible level. 
As D r Pal t r idge poin ts ou t , i t is very rare 
to b e able t o p red ic t t h e existence of such 
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factors b y logic from existing knowledge; 
they appear b y a process of luck a n d 
in tu i t ion . 

H i s solut ion of h o w the ear th absorbs 
t h e sun ' s radia t ion, t ransfers it towards 
t h e poles , and re t ransmi ts i t as infra-red 
rays came by trial a n d er ror . I t is based 
o n t h e second law of t he rmodynamics . 

D r Pal t r idge 's solution shows t h a t t h e 
globe, as it t ransfers and re t ransmi t s t h e 
sun ' s energy , seems to opera te so t h a t 
t h e ra te of p roduc t ion of w h a t scientists 
call en t ropy is t h e lowest possible. 

T h e consequence of this s t a tement is 
t h a t if any change occurs in such influen­
ces as t h e a m o u n t of t h e sun ' s radia t ion 
reach ing t h e ear th , t h e n t h e wor ld and its 
a tmosphe re will automatical ly rebalance 
themselves . 

T h e impor t an t po in t a b o u t th is self-
balancing concept is tha t , i f i t ' s correct , 
it allows us to make predic t ions abou t t h e 
c l imate , some of wh ich can be tes ted b y 
observing t h e real wor ld . 

A c i d t e s t 

Fi r s t let 's take t h e tes table predict ions-
Atmospher i c physicists k n o w h o w m u c h 
energy t h e ea r th receives f rom t h e s u n , 
a n d h o w m u c h i t t r ansmi t s back in to 
space as infra-red rays . U s i n g these 
k n o w n quant i t ies , a n d his self-balancing 
concept , D r Pa l t r idge calculated for c o m ­
par i son purposes several k n o w n climatic 
features at various la t i tudes . H e d id 
this by dividing t h e wor ld f rom n o r t h 
t o s o u t h be tween t h e two poles in to 10 
zones of l a t i tude . 

His predic t ions a n d t h e observed facts 
t u r n e d ou t t o b e very close. Fo r example , 
his p red ic ted average t empera tu res a n d 
those observed in all zones coincided 
a lmost exactly. 

O t h e r predic t ions ab o u t h o w m u c h of 
t h e g lobe shou ld be covered in c loud were 
close t o observed values too . T h e greatest 
difference be tween t h e m occur red in t h e 
zone be tween 11 ·5° and 2 3 · 5 ° Sou th . 
D r Pal t r idge 's calculations suggested tha t , 
on average, 4 4 % of this region shou ld b e 
covered i n c l o u d — 5 % less t h a n t h e 
actually observed 4 9 % . (However , scienti­
fic observat ions on wor ld c loud cover 
p robab ly a r en ' t m u c h m o r e accura te t h a n 
to t h e neares t 5 % anyway.) 

T h e self-balancing concept also pred ic t s 
t ha t at p resen t t h e edges of t h e polar ice 
caps shou ld b e located a t ab o u t 63° N o r t h 
a n d South—close to whe re they really 
a re . T h i s doesn ' t m e a n t h a t t hey will 
necessari ly r ema in at those lat i tudes for 
all t ime , or t ha t o ther people ' s predict ions 
abou t coming ice ages a re wrong , b u t 
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The predicted and observed average temperatures and cloud covers across the world were remarkably close. 

some influence like t h e a m o u n t of rad ia ­
t ion reaching t h e ear th ' s surface will have 
to change to b r ing abou t ano the r ice age. 

By a n d large, D r Pal t r idge ' s calcula­
t ions abou t possible cl imatic changes are 
reassur ing. T h e wor ld ' s c l imate appears 
t o b e p re t t y s table . 

A cur ren t ly he ld theory has it t h a t t h e 
c l imate is uns t ab le a n d , if a major change 
h a p p e n e d (say as a resul t of pol lu t ion) , it 
could n o t rever t t o w h a t it is n o w . F o r 
ins tance , one idea is t h a t if t h e ea r th 
b e c a m e sufficiently cooled, ice m i g h t 
come to cover its ent i re surface. O n c e th is 
was happen ing , t h e ice wou ld never again 
mel t since t h e iced-over wor ld wou ld 
reflect m o r e of t h e sun ' s radia t ion back 
in to space a n d r ema in cooler. Calcula­
t ions us ing t h e self-balancing concept 
d o n ' t agree wi th this prognos is . T h e y 
suggest t h a t t h e ice sheets wou ld re t rea t 
back to 63° . 

D o w n t o o u r l e v e l 

T h i s m a y all sound a l i t t le esoter ic , b u t 
some of D r Pal t r idge ' s o ther predic t ions 
are m u c h m o r e d o w n to ea r th . O n e o f t h e 
cu r ren t worr ies abou t air po l lu t ion is t ha t 
increased ca rbon dioxide in t h e a t m o s ­
p h e r e resul t ing f rom b u r n i n g fossil fuels 
will cause increased t empera tu re s nea r 
t h e ea r th ' s surface because of t h e ' g reen­
house effect' (see Ecos 1). A t p resen t t h e 
carbon dioxide level of t h e a tmosphe re is 
about 320 pa r t s per mi l l ion (p .p .m. ) a n d 
it increases b y abou t 1 p . p . m . each year . 
Cl imatologis ts ' calculations abou t h o w 
m u c h t h e ea r th ' s average t e m p e r a t u r e 

would r ise if t h e a m o u n t of ca rbon 
dioxide doub led r ange f rom 1° t o 7°C. 
D r Pal t r idge ' s p re l iminary calculations 
us ing his equat ions suggest t ha t t h e 
average wor ld t e m p e r a t u r e increase would 
b e abou t 1 · 5 ° C if t h e ca rbon dioxide 
level doub led—a figure at t h e low end 
of t h e s p e c t r u m of forecast possibil i t ies. 
T h e wor ld ' s c loud cover wou ld increase 
slightly ( 0 · 0 2 % ) . 

. . . we need not worry too much 
about massive melting of the 
polar ice caps and the colossal 
flooding that would result from 
rising ocean levels. 

I n addi t ion , t h e t empe ra tu r e difference 
be tween t h e equa tor a n d t h e poles wou ld 
b e c o m e a litt le less, so t he poles wou ld 
w a r m u p b y a b i t m o r e t h a n 1•5°C. E v en 
so, we n e e d no t wor ry too m u c h abou t 
massive mel t ing of t h e polar ice caps a n d 
t h e colossal flooding t h a t wou ld resu l t 
f rom r is ing ocean levels. 

D u s t a n d aerosols resul t ing from 
volcanic e rup t ions or pol lut ion could 
r educe t h e a m o u n t of t h e sun ' s energy 
reaching t h e ear th ' s surface, and hence 
affect our cl imate. T h e y could do th is in 
two ways , depend ing on t h e proper t ies of 
t h e dus t par t ic les ; e i ther they could make 
t h e a tmosphe re m o r e t u r b i d so i t absorbed 
m o r e of t h e sun ' s radia t ion, or they could 
make it reflect m o r e of t h e sun ' s rays back 

into space. E i the r effect wou ld cool t h e 
ea r th ' s surface. 

F r o m his equa t ions , D r Pa l t r idge 
suggests t ha t increasing t h e tu rb id i ty of 
clear air t o 1 0 % above its p resen t level 
wou ld cool t h e ea r th ' s surface b y an 
average of 0 · 6 ° C . C loud cover would also 
increase sl ightly (by 0 · 0 2 % ) . I f t h e 
a tmosphe re reflected 1 0 % m o r e radia t ion 
back in to space, t h e n t h e t e m p e r a t u r e 
would d r o p r a the r m o r e (by 1 · 8 ° C ) a n d 
t h e c loud cover wou ld again increase 
fractionally. 

A t p resen t , t h e r e seems to b e n o cause 
for a la rm anyway. A t t h e Divis ion of 
A tmosphe r i c Physics , D r A r c h D y e r has 
looked into t h e possibi l i ty tha t in t he long 
t e r m less r ad ia t ion m a y get t h r o u g h t h e 
a tmosphere because of po l lu t ion . H e has 
s tud ied records back to 1883. H e has 
f o u n d tha t t h e a tmosphe re does indeed 
b e c o m e m o r e opaque for a few years after 
major volcanic e rup t ions , b u t any changes 
b r o u g h t abou t by M a n ' s activities have so 
far been too small t o detect . 
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