
Inhale. Some ten thousand million more molecules of 
carbon dioxide entered your lungs than did so in your 
previous breath. 

A n d so it w i l l g o , day after m o n t h after 

year, w i th every success ive lungful c o n 

taining its supernumerary m o l e c u l e s . It's 

p robably n o t d o i n g y o u any harm (cross 

y o u r f ingers) , but it has c l ima to log i s t s 

worr ied . 

Sc i en t i s t s w h o m e a s u r e the a t m o s 

phere 's ca rbon d iox ide concentra t ion find 

it increas ing at a rate o f about 1 part per 

m i l l i o n every year. T o d a y the air c o n 

tains 335 p .p .m. (by v o l u m e ) o f the gas ; 

the f igure last century was o n l y about 

2 9 0 p .p .m. S o m e t ime in the next c e n 

tury scientists are virtually certain the 

level wi l l rise to 6 0 0 p .p .m. — d o u b l e the 

pre-industrial value — and keep r is ing. 

A l t h o u g h 335 p .p .m. ( 0 • 0 3 % ) doesn ' t 

s e e m l i k e m u c h , that ' s w h a t al l the 

earth's plants survive o n as they extract 

the gas f rom the air in the p rocess o f 

photosynthesis . O u r lives depend o n (and 

are part of) the cease less activity o f the 

ca rbon c y c l e . A d o u b l i n g o f ca rbon d i o x 

ide , perhaps wi th in 50 years, may there

fore be e x p e c t e d to have far - reaching 

c o n s e q u e n c e s . A benef ic ia l effect w i l l b e 

enhanced g rowth o f plants, but there are 

many poss ib l e drawbacks . 

A t m o s p h e r i c scientists are predic t ing 

that, because o f the heat-absorbing p rop

erties o f ca rbon d i o x i d e , the earth's aver

a g e t e m p e r a t u r e w i l l r i s e , the m o s t 

c o m m o n l y m e n t i o n e d f i g u r e b e i n g 

2—3°C. C o n s e q u e n c e s o f a warmer earth 

w o u l d i n c l u d e d i s tu rbed c l i m a t e pat

terns, s l o w me l t ing o f Polar i c e , and al

tered g r o w i n g cond i t i ons and yie lds for 

m u c h o f our agriculture. 

In the m a i n , t hose extra m o l e c u l e s 

c o m e f rom c h i m n e y stacks and exhaust 

p ipes , as they pour forth the products o f 

bu rn ing c o a l , o i l , and gas. 

C lea r ing o f forests a l so con t r ibu tes , 

freeing ca rbon (as ca rbon d i o x i d e ) f rom 

the s tanding mass o f w o o d to j o i n the 

7 0 0 - b i l l i o n - t o n n e a tmosphe r i c p o o l o f 

c a rbon d i o x i d e . 

T h e ' c a r b o n d iox ide—cl imate ' p r o b 

l e m , as ou t l ined above , b rough t m o r e 

than 100 Aus t r a l i an sc ien t i s t s to the 

A c a d e m y o f S c i e n c e in Canberra at the 

end o f last year to share their expert ise. 

S o m e t h i n g that e m e r g e d f r o m the 

s y m p o s i u m was that many aspects o f the 

p r o b l e m are still far f rom be ing under

s t o o d . M a n y m o r e m e a s u r e m e n t s and 

experiments are needed before w e c a n say 

whe ther the rough ly based pred ic t ions o f 

c l imate c h a n g e wi l l c o m e to pass. 

T h e d i l e m m a is that w h e n — perhaps 

in 20 years — w e have the facili ty to pre

dic t with con f idence the cl imate changes 

that may o c c u r , it w i l l be i m p o s s i b l e to 

s top t h e m occur r ing . In fact it is h igh ly 

unl ike ly that p o l i c i e s a imed at phas ing 

o u t foss i l fuel use , even i f they were 

adopted a round the w o r l d n o w , c o u l d be 

imp lemen ted qu i ck ly e n o u g h to prevent 

the expec ted d o u b l i n g o f ca rbon d i o x i d e 

leve ls . It w o u l d take at least 1 5 - 2 0 years 

to fully replace c o a l , o i l , and gas w i th al

t e rna t ive e n e r g y s o u r c e s — p r o b a b l y 

m u c h longe r . 

Sources and sinks 

S i n c e 1 9 5 8 , w h e n accu ra t e m e a s u r e 

men t s o f the ca rbon d i o x i d e concen t ra 

t ion in the air began , the level has r isen 

f rom 314 p .p .m. to today's 335 p .p .m. , an 

increase o f 21 p .p .m. or 44 b i l l ion tonnes 

o f carbon . D u r i n g this same per iod, m o r e 

than 80 b i l l i o n tonnes o f ca rbon in the 

fo rm o f fossi l fuel have b e e n burnt. In 

other w o r d s , o n l y about ha l f o f the car

b o n d i o x i d e released appears to have re

m a i n e d in the a tmosphere . 

S o m e o f the gas has d i s so lved in the 

o c e a n s ; s o m e has b e e n t aken u p by 

plants , b e c a u s e the m o r e abundan t is 

c a r b o n d i o x i d e the m o r e p r o l i f i c a l l y 
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Clouds may soften the impact o f a rise 
in carbon dioxide . 

When the air's carbon dioxide doubles 



Polar temperatures are predicted to rise 
7°C or more when carbon dioxide 
doubles. Sea ice would probably 
disappear. 

plants can g row. H o w e v e r , w e cannot say 
h o w ca rbon d i o x i d e l iberated today and 
n o t retained i n the a tmosphere w o u l d b e 
shared b e t w e e n these t w o ' s inks ' , b e 
cause there are a n u m b e r o f u n k n o w n 
factors in the g loba l c a rbon c y c l e . 

F o r e x a m p l e , w e d o n ' t k n o w h o w 
m u c h ca rbon d i o x i d e has b e e n , and is 
n o w be ing , l iberated because o f h u m a n 
impact o n the wor ld ' s plant cover . W e are 
r e m o v i n g forest in s o m e areas and plant-
i ng it in others (presently forests c o v e r 
about 3 0 % o f the land surface) and w e are 
i n c r e a s i n g the area o f fa rmland (cu r 
rently about 1 0 % o f the land) . 

E v e n i f w e k n e w the area affected by 
e a c h ac t iv i ty and c o u l d e s t ima te the 
quanti t ies o f w o o d and c r o p s i nvo lved , 
w e still c o u l d n ' t w o r k ou t the effect o n 
a tmospher ic ca rbon d i o x i d e because o f 
the u n k n o w n impact the changes have o n 
the o rgan ic matter in the disturbed so i l . 
T h i s o r g a n i c matter breaks d o w n , re-
Accurate measurements of carbon 
dioxide have only been made from 1958 
to the present (inset shows Mauna Loa, 
Hawaii, figures). However, estimates of 
fossil fuel usage, past and future, allow 
extension of the graph. Curve (a) 
assumes that 100% of an estimated 
energy requirement of 33 billion 
kilowatts in 2020 will come from fossil 
fuels; curve (b) assumes 53%. 

l eas ing ca rbon d i o x i d e , and is normal ly 

rep lenished by leaf o r roo t litter. Fores t 

scient is ts have o n l y tentative ideas o f 

h o w m u c h carbon d iox ide results. R o u g h 

est imates sugges t that 40—200 b i l l i o n 

tonnes o f ca rbon (out o f the so i l ' s 2 0 0 0 

b i l l ion tonnes) have been liberated to the 

air s ince early last century. 

C lues g iven by isotope compos i t i ons o f 

sinks in the ca rbon c y c l e (see the b o x o n 

page 6 ) tend to po in t to a f igure o f about 

5 0 % as the fraction o f ca rbon remain ing 

in the air after the burn ing o f the last 

several years' wor th o f foss i l fuels . T h i s 

ma tches the f igure derived by c o m p a r i n g 

the a m o u n t o f fuel burnt w i th the rate o f 

increase o f ca rbon d i o x i d e i n the a tmos

phere . 

T h e c o n c l u s i o n is that, in recent years, 

the effects o f forest c lea r ing and farming 

have b e e n general ly ba lanced by g rowth 

in tree plantat ions and increased g rowth 

e l sewhere d u e to h ighe r levels o f c a rbon 

d i o x i d e . 

E a c h year w e burn 5 b i l l i on tonnes o f 

ca rbon , mos t ly in c o a l , but about o n e -

third in pe t ro leum. A s a c o m p a r i s o n , the 

earth's plants turn over 10 t imes as m u c h 

and the o c e a n s 20 t imes m o r e . T h e i m 

por tan t d i f f e r e n c e is that the na tura l 

p rocesses are c y c l i c ; h u m a n effects are 

cumula t ive . 

D e s p i t e uncer t a in t i e s , the present ly 

accep ted figure o f 5 0 % for the a m o u n t o f 

ca rbon d i o x i d e remain ing airborne after 

c o m b u s t i o n gives us a basis for s o m e 

ca lcu la t ions . 

The future 

F r o m a survey o f current literature, D r 

G r a e m e Pearman o f the CSIRO D i v i s i o n 

o f A t m o s p h e r i c Phys ics has c o n c l u d e d 

that g lobal energy requirements are l ikely 

to g r o w f rom the present 8 b i l l i on k i l o 

watts to about 3 0 b i l l i on k W in 50 years' 

t ime . I f this p o w e r d e m a n d is to b e m e t 

primari ly f rom coa l , then w e wi l l n e e d to 

burn about 35 b i l l i on tonnes o f it a year 

by the e n d o f that pe r i od . ( T h e total 

a m o u n t o f coa l burnt s ince the Indus

trial R e v o l u t i o n began has b e e n 150 bi l 

l i o n tonnes . ) 

A t this rate, ca lcu la t ions s h o w that, if 

5 0 % o f ca rbon remains a i rborne, the car

b o n d iox ide concentra t ion wi l l then have 

d o u b l e d . I f all the g l o b e ' s recoverab le 

fossil fuel reserves o f 7000 b i l l ion tonnes , 

or m o r e , were burnt in the nex t f ew c e n 

turies, the ca rbon d i o x i d e level c o u l d be 

increased to 6 - 8 t imes the present level . 

Those extra molecules come 
from chimney stacks and 
exhaust pipes. 

B u t to restrict ou r se lves to the i m 

media te future, just abou t every student 

o f the subject considers that, unless there 

is a mass ive c h a n g e away f rom foss i l 

fuels , the c a r b o n d i o x i d e level wi l l inev

itably d o u b l e wi th in 80 years, if no t 50 . 

Wha t then is the l ikely effect? 

Scient is ts have buil t u p a n u m b e r o f 

c o m p u t e r m o d e l s that try as far as p o s s 

ib le to reflect in a mathemat ica l way the 

The graph assumes we will require 33 
billion kilowatts of energy in 2020. 

intricate phys ica l p rocesses that g o o n in 

the a tmosphere . T h e m o d e l s e n c o m p a s s 

the dr iv ing force o f solar radiation enter

ing at the top o f the a tmosphere and fil

tering d o w n to the surface; the end-point 

o f the m o d e l s sees heat radiation d iv ing 

off in to space after its upward travel. In 

be tween is a lo t o f interact ion be tween 

the air, c l o u d s , g round , and o c e a n . 

M o s t o f the m o d e l s consol ida te around 

a va lue o f 2—3°C rise in temperature at 

l o w latitudes, increasing to 7—10°C at the 

Po l e s . 

I n 1979 , 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 rev iewed the car-
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The reservoirs are very large when 
compared with the yearly flux. The 
outpouring of carbon dioxide from 
fossil-fuel combustion is beginning to 
alter the balance between the 
atmosphere and the other reservoirs. 

b o n d i o x i d e - c l i m a t e ques t ion and c o n 

c l u d e d : ' w e est imate the m o s t p robab le 

g loba l w a r m i n g for a d o u b l i n g o f CO2 
to be near 3 ° C wi th a probable error o f 

± 1 • 5 ° C . 

W h i l e this temperature c h a n g e m a y 

s e e m rather smal l in relat ion to day-to

day c h a n g e s , c o n s i d e r that the 'Li t t le I ce 

A g e ' f rom 1350 to 1850 was associa ted 

wi th a g loba l temperature d rop o f o n l y 

about 1°C. T h e River T h a m e s froze re

peatedly, and sett lements in G r e e n l a n d 

had to b e abandoned . 

A rise in temperature o f 10°C at the 

P o l e s c o u l d readily mel t the A r c t i c sea 

i c e , w h i c h is o n l y 2 - 3 met res th i ck , 

wi th in a decade . A s a c o n s e q u e n c e o f the 

m e l t i n g o f g laciers and other thin i c e 

covers , the sea level w o u l d b e expected to 

rise by about half a metre . T h e Anta rc t i c 

i c e c o v e r is m u c h thicker and w o u l d re

qui re tens o f thousands o f years to mel t 

c o m p l e t e l y . H o w e v e r , i f it d id , the sea 

w o u l d have r isen by s o m e 7 0 m ! 

Macquarie Island is remote from 
civilization — all the better to interpret 
the carbon dioxide measurements 
constantly made there. 

A n y temperature change should have a 

large impact o n agriculture. A 1°C rise is 

r ough ly equal to a 10-day increase in the 

g r o w i n g season in m i d to h i g h lati tudes. 

T h i s w o u l d aid the Canadian and north

ern Russ i an grain belts — i f other fac

tors remained u n c h a n g e d . 

Unfortunately, the predic ted w a r m i n g 

— greatest at the Po le s — w o u l d tend to 

flatten out the temperature differences 

be tween the equator and the Po les . S ince 

this temperature gradient is effectively 

the dr iv ing fo rce for the w h o l e a tmos

pher ic c i rculat ion, c l imate w o u l d alter in 

m a n y ways . 

W i n d s w o u l d be r educed sl ightly in 

strength and the m o v e m e n t o f h i g h and 

l o w pressure systems w o u l d probably al

ter. S o m e regions w o u l d benefit f rom the 

c h a n g e ; others w o u l d suffer. 

T h e f requency o f d rough t m i g h t in

crease in s o m e areas and dec rease in 

others , w h i l e a r e g i o n ideal for g r o w i n g 

o n e c r o p migh t b e c o m e m o r e suitable for 

another . A reg ion ' s water s torages m i g h t 

b e c o m e a b u n d a n t o r i n a d e q u a t e , d e 

p e n d i n g o n h o w rainfall was affected. 

A warming o f oceans c o u l d affect their 

c u r r e n t s a n d b i o l o g y , a n d , t h r o u g h 

greater acidi ty d u e to c a r b o n d i o x i d e , 

their chemis t ry . T h u s , the rate o f g rowth 

o f p lankton c o u l d alter and fish popu la 

t ions c h a n g e . 

A warmer Australia 

D r Barrie P i t tock o f the D i v i s i o n o f A t 

m o s p h e r i c Phys ics has l o o k e d into what 

c l i m a t i c c h a n g e s Aus t ra l i a m i g h t e x 

pe r i ence as a result o f a warming . 

C o m p u t e r m o d e l s are at present t o o 

c rude to give results o n a reg iona l scale 

w i t h m u c h cred ib i l i ty . ( F o r wha t it is 

worth , the mos t wide ly quoted mode l s , by 

S . M a n a b e a n d R . T . W e t h e r a l d i n 

A m e r i c a , sugges t increases in rainfall o f 

up to 500 m m per year in latitudes 0 ° - 4 0 ° 

and a decrease at 4 0 ° - 5 0 ° ) . S o D r Pit

t o c k resorted to three alternative meth

ods o f pred ic t ion . N o n e by i tself is very 

c o n v i n c i n g , but toge ther they s e e m to 

po in t in o n e d i rec t ion . 

T h e first m e t h o d involves p i c k i n g out 

the warmer years f rom a c o l l e c t i o n o f 

weather records and l o o k i n g to see h o w 

the weather patterns then differed f rom 

the o n e s in the co lde r years. 

T h e s e c o n d m e t h o d is to l o o k at the 

type o f weather expe r i enced du r ing par

ticularly w a r m per iods in past mi l l enn ia . 

T h e ' C l i m a t i c O p t i m u m ' ( abou t 7 5 0 0 

B . C . ) is a p r i m e c a n d i d a t e for s tudy. 

Foss i l and sed iment records are the key 

to f ind ing out the weather pattern then. 

T h e third approach draws o n k n o w 

ledge o f what affects what , in a c l ima t ic 

sense (for example , a warmer cl imate wi l l 

m e a n that weather systems wi l l , in all 

seasons , tend to b e c o m e m o r e l ike those 

no rma l ly f o u n d in summer ) . 

A l l a p p r o a c h e s p o i n t t o i n c r e a s e d 

summer m o n s o o n rainfall, poss ibly by up 

to 7 5 % in s o m e areas o f nor thern A u s 

tralia. Rainfal l may be reduced in south

ern Austral ia , bu t this is less certain. 

M o r e rain wi l l benefit those areas wi th 

g o o d s o i l s , b u t i n m a n y r e g i o n s i n 

creased evapora t ion (due to the warmer 

temperatures) m a y nul l i fy this advan

tage. In any case , m o r e f l o o d i n g may be 

expec t ed and, in s o m e areas, so i l ero

s ion . 

S imi la r sorts o f analyses have b e e n 

d o n e , by other workers , for the Nor the rn 

H e m i s p h e r e . T h e i r results sugges t the 

poss ib i l i ty that the major g ra in -growing 

r eg ions across E u r o p e , As ia , and N o r t h 

A m e r i c a c o u l d b e adversely affected. 

D r P i t t ock be l i eves that the soc i a l , 

e c o n o m i c , and pol i t ica l c o n s e q u e n c e s o f 

c h a n g e s in other parts o f the w o r l d may 

w e l l b e m o r e important to Austral ia than 

the l oca l gains or losses due to c h a n g e s 

in Austral ia 's c l imate . 

Effects already? 

T h e a tmosphere ' s c a rbon d i o x i d e level 

has so far increased by about 10%. I f the 

pred ic t ions for a 1 0 0 % increase are co r 

rect , then a fraction o f the predic ted ef

fect shou ld have already occu r r ed . 

D r Br ian T u c k e r , C h i e f o f the D i v i 

s i o n , has b e e n e x a m i n i n g Aus t r a l i an 

weather r ecords o f the past 30 years to 

see w h a t s h o w s u p . T h e p r o b l e m , o f 

c o u r s e , is that the effect he is l o o k i n g for 

is pretty smal l c o m p a r e d wi th the un

c e a s i n g short- and l o n g - t e r m f luc tua

t ions in c l imate that o c c u r naturally. 
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What carbon isotopes tell us 

T h e m o s t abundant fo rm o f c a r b o n is 
c a rbon -12 . H o w e v e r , smal l quanti t ies o f 
the i s o t o p e s c a r b o n - 1 3 and c a r b o n - 1 4 
also exist , and they c a n he lp us under
stand the w o r k i n g s o f the c a r b o n c y c l e . 

Ca rbon -14 is fo rmed by the ac t ion o f 
c o s m i c rays o n the a t m o s p h e r e . It is 
radioactive, wi th a half-life o f 5700 years. 

S i n c e fossi l fuels have lain bur ied for 
m i l l i o n s o f years, all the ca rbon-14 in
corpora ted in to t h e m w h e n their p rogen
i t o r s — l i v i n g p l a n t s — w e r e 
pho tosyn thes iz ing has decayed . 

B u r n i n g fossi l fuels therefore di lutes 
the p ropor t ion o f carbon-14- type c a r b o n 
d i o x i d e in the air. F r o m the a m o u n t o f 
coa l , o i l , and natural gas burnt each year, 
and the observed d i lu t ion o f ca rbon-14 , 
w e c a n ca lcu la te the size o f the a tmos
pher ic ca rbon p o o l . 

Unfortunately, ca rbon-14 is a lso pro
d u c e d by nuc lear e x p l o s i o n s , so dur ing 
the fifties and early sixt ies a large but 
u n k n o w n a m o u n t was added to the at
m o s p h e r e . T h i s has upset measuremen t s 
o f the a tmospher ic ca rbon p o o l , but it has 
created a pu lse o f tracer (or radioact ive 
marker) that can be fo l lowed d o w n to the 
o c e a n depths. In this way, the turnover o f 
o c e a n ca rbon c a n b e de termined. 

C a r b o n - 1 3 is n o t r a d i o a c t i v e . A n d , 
d u r i n g p h o t o s y n t h e s i s , p lants t end to 
d iscr iminate against it w h e n taking car
b o n d i o x i d e f rom the air. Scient is ts h o p e 
that measurements o f the carbon-13 de
ple t ion in tree rings wi l l g ive us a c l u e to 
h o w c a r b o n d i o x i d e l eve l s have f l u c 
tuated in t imes and c l i m e s l o n g past. 

H o w e v e r , recent w o r k by D r G r a h a m 
Farquhar o f the Depar tmen t o f Env i ron
m e n t a l B i o l o g y at t h e A u s t r a l i a n 
Nat iona l Univers i ty suggests they may 
tell us m o r e about plant phys io logy . It 
s eems that carbon-13 d i sc r imina t ion is 
a f fec ted n o t o n l y by the a t m o s p h e r i c 
concentra t ion o f ca rbon d iox ide , but a lso 
by the inter-cellular concen t ra t ion in the 
leaf — w h i c h in turn is affected by tem
perature, humidi ty , l ight intensity, and 
nutrient supply. Scientists s tudying tree 
r ings face a b ig task trying to sort out 
those factors o n e f rom another . 

Nevertheless , D r R o g e r Francey o f the 
CSIRO D i v i s i o n o f A t m o s p h e r i c Phys ics 
is at tempting to d o so . H e is analys ing 
g r o w t h r i n g s o f s o f t w o o d s f r o m T a s 
m a n i a ' s w e s t e r n c o a s t . H e r e g r o w i n g 
c o n d i t i o n s have b e e n unusua l ly stable, 
wi th prevai l ing w i n d s o f f the o c e a n m i n 
imiz ing loca l effects. By taking three or 
four species over a number o f regions , he 
hopes that p h y s i o l o g i c a l variations may 
average out , leaving variations due to past 
c a rbon d i o x i d e levels . 

M s H e l e n G o o d m a n o f the D i v i s i o n 
has for the past 3 years b e e n measu r ing 
the relative abundance o f ca rbon-13 in 
the air at C a p e G r i m , T a s m a n i a . H e r 
measurements are the first m a d e o f this 
quantity in the Southern Hemisphere . A s 
expec ted f rom the increas ing a m o u n t o f 
fossil-fuel c a rbon in the air, e v i d e n c e is 
e m e r g i n g o f a gradual decrease in the 
p ropor t ion o f c a r b o n - 1 3 , in ag reement 
w i t h N o r t h e r n H e m i s p h e r e m e a s u r e 
ments . 

Large Tasmanian H u o n pines, estimated 
to be about 800 years o ld . Cores taken 
f rom them will, scientists h o p e , a l low 
carbon dioxide levels in the past to b e 
determined. 

Fur thermore , w e don ' t k n o w whether 
an average rise in temperature of, say, 
3 °C w i l l manifest as a 3 °C rise in all 
temperatures or as a larger rise in min i 
m u m (or m a x i m u m ) temperatures on ly . 
A g a i n , maybe on l y winter (or summer ) 
temperatures wi l l be affected. Never the
less, D r T u c k e r thought the exercise was 
wor th trying. 

T h e M a n a b e and Wethera ld m o d e l s 
sugges t that rainfall in the nor th o f A u s 
tralia shou ld have increased by poss ib ly 
80 m m per year, and that in the south 
temperatures may have r isen by 0•4°C. 

D r T u c k e r first l o o k e d at tempera
tures for stations in the wheat belt for the 
p e r i o d 1 9 5 0 - 1 9 7 9 . F o u r s t a t i ons i n 
S o u t h Austral ia, out o f many studied, 
s h o w e d an increase o f about 0 • 8 ° C in the 
daily m i n i m u m temperature (a l though 
no t in the m a x i m u m ) . N e x t , he exam

i n e d rainfal l data c o v e r i n g the s a m e 
per iod for areas over the w h o l e o f A u s 
tralia. Fou r areas in the north-west o f the 
con t inen t s h o w substantial increases (o f 
be tween 150 and 300 m m per year). 

All approaches point to 
increased summer monsoon 
rainfall, possibly by up to 
75% in some areas of 
northern Australia. 

D r T u c k e r is qu i ck to poin t out that 

his results in n o way c o n f i r m the m o d e l 

predic t ions . T h e results are s t rongly in

f luenced by the very wet years 1973 and 

1974, and are not statistically s ignif icant 
— that is, they are wi th in the b o u n d s o f 
the natural variability o f c l imate . What 
c a n be said is that they are cons is ten t 
wi th predic t ions , and they wi l l certainly 
p rompt scientists to keep a c l o s e wa tch 
o n the situation. 

Sans souci 

A t this po in t , hav ing g i v e n the m a i n 
thrust o f the ideas o f those w h o ho ld that 
w e are head ing towards a warmer, but 
p robably less c o s y , wor ld , it is t ime to 
e x p l a i n w h y o t h e r s f ee l m u c h m o r e 
c o m p l a c e n t about the situation. 

A n u m b e r o f f e e d b a c k m e c h a n i s m s 
have b e e n identified in the ca rbon d i o x 
ide—climate ques t ion . S o m e are p o s i 
tive, ampl i fy ing the w a r m i n g effect o f 
carbon d iox ide , but it is the negative ones 
w i th their s tabi l iz ing in f luence that a 

6 



Clearing of forest causes the carbon accumulated in the trees to be lost to the air 

n u m b e r o f s c i en t i s t s b e l i e v e w i l l b e 

s t rong e n o u g h to s top the predic ted c l i 

mate c h a n g e s occur r ing . 

T h e po in t they emphas ize is that the 

m o d e l s u s e d f o r p r e d i c t i n g c l i m a t e 

c h a n g e are s impl i f i ca t ions o f the real 

w o r l d . In m a k i n g a m o d e l manageab le , 

scientists cons ide r o n l y the bas ic pro

cesses . A n u m b e r o f effects that c o u l d b e 

vital are ignored . 

T h e major posi t ive feedback factor is 

water vapour , w h i c h any m o d e l wor th its 

salt w i l l take in to accoun t . By itself a 

d o u b l e d ca rbon d i o x i d e level m i g h t in

crease the earth's temperature by o n l y 

1°C. But this h igher temperature w o u l d 

increase the a m o u n t o f water vapour in 

the a tmosphere , and water vapour is an 

e v e n m o r e p o w e r f u l a b s o r b e r o f hea t 

radiat ion than ca rbon d i o x i d e . T h e net 

result is that the temperature w o u l d in

crease no t by 1°C but by 2 ° C . 

A n o t h e r w i d e l y d i s c u s s e d p o s i t i v e 

feedback m e c h a n i s m is the o n e due to ice 

and s n o w . T h e s e ref lec t m u c h o f the 

sun ' s ene rgy b a c k to space , but i f the 

temperature shou ld rise, s o m e wi l l mel t . 

A s a resu l t , m o r e e n e r g y w i l l b e ab

sorbed by the earth, rais ing temperatures 

further sti l l . M o d e l s ind ica te that this 

factor w o u l d add another 0 • 4 ° C (g loba l ly 

averaged) to the predic ted temperature 

rise. 

. . . on the other hand, plantations of 
trees capture additional carbon dioxide. 

T h e really interesting — or c o n t e n 

t i ous — aspec ts o f the p r o b l e m arise 

w h e n w e start to examine negat ive feed

backs (and buffer ing effects) , largely b e 

cause they are very difficult to quantify. 

T a k e o c e a n s , for a start. M o d e l s in

v o l v i n g bo th oceans and ca rbon d i o x i d e 

levels have to date treated the o c e a n as 

hav ing n o ability to transport heat f rom 

latitude to latitude. Y e t at s o m e places 

the o c e a n carries as m u c h as 5 0 % o f the 

k n o w n po lewards heat f lux. 

W e saw that o n e c o n s e q u e n c e o f a car

b o n d i o x i d e i n c r e a s e w a s a l e s s e n e d 

temperature gradient be tween the equa

tor and P o l e s , leading to gentler w i n d s . 

O c e a n cur ren ts w o u l d then be w e a k 

e n e d , t o o . A p o s s i b l e r e su l t o f b o t h 

w e a k e n e d w i n d s and w e a k e n e d currents 

is a s lower m o v e m e n t o f heat f rom the 

equator to the Po l e s . H e n c e , the temper

ature gradient m i g h t be s t e epened to 

s o m e d e g r e e and the p r e d i c t e d po la r 

w a r m i n g ameliorated. 

N o t o n l y may the oceans have a feed

b a c k effect to the a tmosphere , but by 

themse lves they are cer ta in to have a 

buffer ing effect. T h e i r e n o r m o u s mass 

a l lows t h e m to soak u p great amoun t s o f 

heat and ca rbon d iox ide . A m o d e l run by 

M r B a r r i e H u n t o f t h e A u s t r a l i a n 

N u m e r i c a l M e t e o r o l o g y Research Centre 

i nd i ca t e s that the o c e a n s w o u l d s l o w 

d o w n the expec ted g loba l w a r m i n g by 8 

years. 

The models used for 
predicting climate change are 
simplifications of the real 
world. 

H o w e v e r , m o d e l s to date, if they have 

cons ide red the o c e a n s , have o n l y taken 

in to a c c o u n t the upper w e l l - m i x e d layer 

d o w n to about 80 m depth. T h e ration

ale for this has been that o n l y this layer 

reacts to the a t m o s p h e r e , e x c h a n g i n g 

heat and c a r b o n d i o x i d e . 

T h e m i x e d layer con ta ins about the 

same a m o u n t o f ca rbon as the a tmos

phere , bu t because o f a c h e m i c a l buffer

ing effect the o c e a n water requires a 10% 

increase in ca rbon d i o x i d e in the air to 

increase its c a rbon d i o x i d e level by 1%. 

But the o c e a n s may he lp us m o r e than 

w e imag ine . It has general ly b e e n be 

l ieved that the c o l d d e e p o c e a n , cut o f f 

f rom the surface by stable layers, takes 

perhaps a thousand years to r e spond to 

any c h a n g e above — too l o n g to affect, 

e x c e p t in the very l o n g term, any a tmos

pher ic w a r m i n g . 

R e c e n t l y , howeve r , scientists have o b 

served large t ropical 'gyres ' , cove r ing in 

total m o r e than half the o c e a n surface 

area, w h i c h appear to p u m p water d o w n 

b e l o w t h e m i x e d l a y e r at a ra te o f 

10—20 c m a day. T h e p h e n o m e n o n d o e s 

no t take water to the deepest levels, but it 
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appears to provide a sink for water and 
ca rbon d i o x i d e m u c h larger than previ
ous ly r ecogn i zed . 

T h i s , i f bo rne out , makes the effective 
heat capac i ty o f the o c e a n near ly ten 
t imes greater than that o f the m i x e d layer 
a lone . T h u s , a tmospheric w a n n i n g c o u l d 
b e s l o w e d d o w n by several decades , at 
least. S i n c e ca rbon d i o x i d e c o u l d b e ab
s o r b e d i n th i s s i n k t o o , w e m a y b e 
granted extra breathing space . 

Clouding the issue 

C l o u d s are the day-dreamer 's m o s t p o p 
ular subject , but hardly the scient is t ' s . 
T h e i r del icacy, grace, and fluidity may be 
fine for fantasy, but it's little w o n d e r that 
s c i en t i f i c ana lys i s hasn ' t m a d e m u c h 
headway in unders tanding their d y n a m - . 
i c s . 

Y e t c l o u d s are c o n c e i v a b l y the m o s t 
vital factor in regula t ing the earth's c l i 
mate . T h e y are efficient reflectors o f so 
la r r a d i a t i o n a n d at t h e s a m e t i m e 
absorbers (and emitters) o f heat radia
t ion f rom the earth. W h e n they fo rm they 
virtually cut the a tmosphere in t w o . T h e 
di f ference c l o u d c o v e r makes to the tem
peratures o f ou r sur roundings is marked . 
It is n o acc iden t that c l o u d y days tend to 
b e c o o l , and c l o u d y n ights warm. 

W e c a n therefore i m a g i n e that warm
ing d u e to c a r b o n d i o x i d e m i g h t p r o d u c e 
m o r e water vapour , l ead ing to increased 
c loud iness . T h e c l o u d migh t reflect m o r e 
sunl ight , partially c a n c e l l i n g the warm
ing (a negat ive feedback effect) . 

O n the o ther hand, c l o u d s m i g h t g ive 
r ise to pos i t ive feedback . T h e i r inf lu
e n c e as absorbers o f heat m i g h t d o m i -

The oceans absorb heat and carbon dioxide. 

nate, so a 'blanket ' o f c l o u d s w o u l d he lp 
heat u p the earth. 

Apparendy , the height o f a c l o u d is the 
key to de te rmin ing whe ther it warms or 
c o o l s the earth. T h e net effect o f l o w 
c l o u d ( b e l o w 1500 m altitude) is to c o o l , 
whereas that o f h i g h c l o u d , a l though n o t 
certain, appears to be to w a r m . 

Unfortunately, scientists are not able to 
say at present i f a w a r m i n g wi l l lead to 
m o r e (or less) c l o u d , let a lone whe ther 
the c l o u d w o u l d be h i g h or l o w . 

C l o u d s are the ult imate subtlety in the 
entire c l imate system, and to predict their 
o c c u r r e n c e and effects w e w o u l d n e e d to 
k n o w and u n d e r s t a n d v i r tua l ly every 
other c l imat ic factor. W e don ' t , so w e are 
fo rced to deal w i th c l o u d s wi th the too ls 
w e have — bas ic mathemat ica l m o d e l s . 
In the same way as a painter c a n wi th 
broad brush capture wisps in a skyscape, 
so w e h o p e our m o d e l s are suggest ive o f 
the real thing. 

H o w e v e r , c u r r e n t w e a t h e r m o d e l s , 
w h e n they d o c o n s i d e r c l o u d , use n o less 
than a house-pa in t ing brush. Individual 
c l o u d s are b e l o w the grid scale o f the 
m o d e l s , and so c l o u d i n e s s , der ived f rom 
observations, is g iven as the average over 
an entire z o n e . 

Several m o d e l s have generated c l o u d 
c o v e r us ing the f o l l o w i n g s imple p roce 
dure . N o c l o u d exists in a z o n e unti l the 
relative humidi ty exceeds a pre-set value, 
at w h i c h t ime full c l o u d c o v e r is as
s igned to that zone . T h e s e m o d e l s d o not 
s h o w m u c h change in c l o u d amount wi th 
increas ing ca rbon d i o x i d e . 

H o w e v e r , the current l imitations o f the 
m o d e l s restrict the c r e d e n c e that c a n b e 

Continual analysis is carried out at Cape 
Grim, Aspendale, Macquarie Island, 
Baring Head and the South Pole. 
Sampling flasks are used on aircraft and 
at the other sites. 
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Due to rising carbon dioxide levels, the 
world's vegetation is storing more 
carbon than it used to. 

g i v e n to the results ob ta ined wi th them. 
A c c o r d i n g to D r Gar th Paltr idge, a l so o f 
the D i v i s i o n o f A t m o s p h e r i c P h y s i c s , 
f eedback d u e to c l o u d c a n potent ia l ly 
make nonsense o f a m o d e l ' s p red ic t ions 
o f w a r m i n g d u e to ca rbon d i o x i d e . H e 
says that, by i n v o k i n g assumpt ions n o 
less ques t ionable than those used in any 
current m o d e l , h e can ca lcu la te a g loba l 
temperature rise due to a d o u b l i n g o f at
m o s p h e r i c ca rbon d i o x i d e that is at least 
a degree less than mos t c l imatologis ts are 
predict ing. 

H i s paper to the s y m p o s i u m , ' C l o u d s 
— o n e ( o f the m a n y ) g o o d reasons n o t to 

continued on page 10 



Measuring and modelling carbon dioxide movements 

T h e r ise i n t he a t m o s p h e r e ' s c a r b o n 
d i o x i d e level is no t steady — there are 
f luctuat ions supe r imposed u p o n the up
ward trend. Plo ts o f the level l o o k l ike 
charts o f (bu l l i sh ) s tock-market p r i ces 
and differ a c c o r d i n g to p lace and t ime. 

T h e f luc tua t ions are m a i n l y d u e to 
seasonal c h a n g e s in the activity o f natu
ral sources and sinks, notably land v e g e 
t a t i o n , s e a p l a n t s , a n d t he o c e a n s . 
C h a n g e s in ca rbon d i o x i d e output f rom 
man-made sou rces , and c h a n g e s in w i n d 
d i rec t ion , a lso cause f luctuat ions in the 
c o n c e n t r a t i o n r e c o r d e d at i n d i v i d u a l 
measur ing stations. 

T h e seasons see leaves sprout ing and 
dy ing , o c e a n s w a r m i n g u p and c o o l i n g 
d o w n , and weather patterns d a n c i n g to 
and fro. T h e result is an u n c e a s i n g ris
i n g and fal l ing in the level o f c a r b o n 
d i o x i d e . T h e graph o f it (for samples 
taken by aircraft over Austral ia) o n this 
page s h o w s the annual variat ion; short 
irregularit ies appear t o o . 

Sc ient i s t s a round the w o r l d are fo l 
l o w i n g the tor tuous run o f the graph as 
c l o s e l y as any s tockbroker l o o k s at his 
s tock -marke t char t s . T h e y k n o w that 
e a c h m o v e m e n t o f the g raph c a n b e 
traced back to a physica l cause , s o , i f 
e n o u g h data are studied c lose ly , it shou ld 
be pos s ib l e to w o r k ou t what is g o i n g o n 
in the w o r l d ' s c a rbon c y c l e . 

I f y o u want to predict market m o v e 
m e n t s , it h e l p s to k n o w the m a r k e t 
forces . T h e scientists want to k n o w the 
size o f sources and sinks, and their rate o f 
turnover. 

A t the D i v i s i o n o f A t m o s p h e r i c Phys
i c s , M r D a v i d Beardsmore is measu r ing 
the concent ra t ion o f carbon d iox ide in air 
s amples c o l l e c t e d f r o m Aus t ra l i a , the 
T a s m a n Sea , the Sou the rn O c e a n , and 
Antarc t ica . T h e m a p s h o w s where the 
samples c o m e f rom. 

S o m e o f the samples are taken f rom 
aircraft. Qantas and T A A planes take 
regular samples at altitudes u p to 12 k m 
o v e r A u s t r a l i a and the T a s m a n S e a . 
Mili tary aircraft flying to Antarctica f rom 
Austral ia and N e w Z e a l a n d also carry 
sampl ing flasks. 

H o w e v e r , m o s t samples are c o l l e c t e d 
o n the g round . T h e air at the D i v i s i o n ' s 
headquarters at Aspenda l e , V i c . , is ana
lysed weekly , and month ly samples c o m e 
f rom Wi lb inga , W . A . , o n the coast 75 k m 
nor th o f Perth. 

T h e Antarc t ic station o f M a w s o n c o l 
lects m o n t h l y samples , and at M a c q u a r i e 

Scientists analysed samples taken by 
aircraft over Australia to get this graph. 

I s l a n d in the S o u t h e r n O c e a n s e m i 
automat ic analysing e q u i p m e n t has b e e n 
at w o r k for the last 2 years. 

T h e m o s t important data c o m e f rom 
the Aus t ra l i an Base l ine A i r P o l l u t i o n 
Sta t ion at C a p e G r i m o n T a s m a n i a ' s 
north-western corner . Air analysed at the 
station has c r o s s e d thousands o f k i l o 
metres o f o c e a n , so it is free o f l oca l in
f luences — h e n c e the term 'baseline ' (see 
Ecos 2 5 ) . 

D r G r a e m e Pearman, D r Paul Fraser, 
and M r Peter H y s o n , o f the D i v i s i o n , 
h a v e b e e n a n a l y s i n g the i n f o r m a t i o n 
c o l l e c t e d and us ing it to fo rm m o d e l s o f 
the ca rbon c y c l e . T h e i r work is leading 
to a better unders tanding o f ca rbon d i o x 
ide m o v e m e n t s . 

T h e y have found that the b a c k g r o u n d 
level o f carbon d iox ide is 3—4 p.p .m. less 
in the Southern H e m i s p h e r e than in the 
Nor the rn . T h i s is because m o s t o f the 
wor ld ' s c o m b u s t i o n o f fuel takes p lace in 
the Nor the rn H e m i s p h e r e . T h e c o n c e n 
tration figures indicate that 10 b i l l i on 
t o n n e s o f c a r b o n d i o x i d e (about ha l f o f 
that released) travels southwards across 
the equator each year. 

A s w e saw above , ca rbon d i o x i d e lev
els s h o w an annual fluctuation due to the 
seasonal activity o f plants and o c e a n s . 
Plants take u p m u c h m o r e ca rbon d i o x 
ide in the w a r m mon ths than in winter . 
O c e a n s take up the gas as they c o o l in 
autumn and winter and release s o m e o f it 
as they warm u p again. T h e c o m b i n e d 
effect is an annual c y c l e , s h o w n in the 
graphs for Cape G r i m and M a u n a L o a , 
Hawa i i . 

T h e seasonal f luctuation is greater at 
Hawai i because there is m u c h m o r e land, 

and h e n c e m u c h m o r e vegeta t ion , nor th 
o f the equator than in the south. T h e fact 
that m o s t Nor thern Hemisphe re trees are 
d e c i d u o u s , and don ' t take u p any ca rbon 
d iox ide after their leaves have fallen, also 
cont r ibutes . 

T h e f l o w o f ca rbon d i o x i d e across the 
equator a lso affects the size o f the f luc
tuat ions in the Sou the rn H e m i s p h e r e . 
T h e scientists estimate that the ampl i 
tude at C a p e G r i m m i g h t be one-third 
greater were it no t d imin i shed by the in
t rusion f rom the north. 

N o r t h e r n H e m i s p h e r e s ta t ions have 
b e e n s h o w i n g a gradual increase in the 
ampl i tude o f the annual variat ion, and 
this c o u l d be attributed to an increas ing 
b i o m a s s . T h e effect has n o t b e e n no ted 
in the Sou the rn H e m i s p h e r e , perhaps 
because data have n o t b e e n c o l l e c t e d for 
as l o n g and because the smaller annual 
f luctuat ion makes c h a n g e s harder to de
tect. 

T h e CSIRO scientists have also f o u n d 
that the c a r b o n d i o x i d e c o n c e n t r a t i o n 
varies wi th altitude. In springtime at mid-
southern lat i tudes, it is abou t 1 p .p .m . 
greater at sea level than at a he ight o f 
10 k m . I n au tumn , there is n o differ
e n c e . T h e explana t ion is the extra car
b o n d i o x i d e g i v e n o f f by the sea as it 
w a r m s u p . T h e m o d e l s s u g g e s t t h e 
southern o c e a n s g ive o f f 6 b i l l i on tonnes 
o f c a r b o n d i o x i d e b e f o r e t h e y b e g i n 
c o o l i n g d o w n and starting to absorb it 
again. 

T h e seasonal fluctuation in ca rbon 
dioxide level is greatest in the Northern 
Hemisphere . 
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be l i eve everything y o u hear abou t the 

C O 2 d o o m s d a y ' , makes c lear that the 

m o d e l l i n g o f c l o u d s is o n e o f the weak

est l inks in predic t ing the effect o f car

b o n d i o x i d e . 

It is poss ib le , o f c o u r s e , that the o m i s 

s ions and s impl i f ica t ions in m o d e l s may 

lead to under-est imates o f the effects o f 

c a r b o n d i o x i d e ra ther than o v e r - e s t i 

mates . 

The 10% effect 

A t the D i v i s i o n o f A t m o s p h e r i c Phys i c s , 

D r P e t e r W e b s t e r a n d D r G r a e m e 

Stephens have been studying the effect o f 

c l o u d s o n a t m o s p h e r i c t e m p e r a t u r e . 

T h e i r w o r k is a first step towards m o r e 

accurate m o d e l l i n g o f c l o u d . T h e y have 

s h o w n that it is poss ib le to represent the 

var ious radiative propert ies o f a c l o u d 

th rough o n e variable — the n u m b e r o f 

c e n t i m e t r e s o f water (or i c e ) t h r o u g h 

w h i c h a l ight b e a m w o u l d travel in trav

ers ing it. 

I n results presented to the s y m p o s 

i u m , the t w o scientists ca lcu la ted that a 

1 0 % c h a n g e i n c l o u d a m o u n t w o u l d 

c o m p e n s a t e for a w a r m i n g o f 2 • 6 ° C . 

Ei ther an increase in l o w c l o u d or a de 

crease in h i g h c l o u d w o u l d d o . W o r k 

wi th a s imple o n e - d i m e n s i o n a l m o d e l by 

M r B a r r i e H u n t has c o n f i r m e d th i s 

assessment . But it shou ld be no ted that a 

c h a n g e in surface temperature canno t b e 

s imply compensa t ed for by c l o u d o r any 

other factor wi thou t s o m e c h a n g e in the 

c l imate . M r Hunt ' s m o d e l suggests that 

temperature c h a n g e s due to ca rbon d i o x 

ide w o u l d still o c c u r in the stratosphere 

(about 10 k m altitude), w h i c h migh t then 

i n d u c e c h a n g e s in weather patterns. 

D r W e b s t e r and D r S t e p h e n s have 

prepared a table s h o w i n g the sensitivity 

o f the earth's temperature to var ious fac

tors. It is r ep roduced oppos i t e . It indi

c a t e s tha t , f o r t he s a m e p e r c e n t a g e 

Power station chimneys are the source 
of much of the carbon dioxide. 

c h a n g e in each factor, the temperature is 

m o s t sensit ive to a c h a n g e in the sun 's 

ou tput , f o l l o w e d by c l o u d a m o u n t , re

f lect ivi ty o f the earth's surface, o z o n e 

concen t ra t ion in the a tmosphere , and, fi

nal ly, ca rbon d i o x i d e level . 

Stimulated plants 

L i k e the c l o u d s , the earth's mant le o f 

vegeta t ion may ameliorate the effects o f 

the ou tpour ing o f ca rbon d i o x i d e f rom 

fossil-fuel burning. 

A doub l ing o f carbon d i o x i d e shifts the 

photosynthe t ic m e c h a n i s m into h igher 

gea r , i n c r e a s i n g the g r o w t h o f m o s t 

plants and hence increasing the uptake o f 

ca rbon d i o x i d e . T h i s negat ive feedback 

m e c h a n i s m c o u l d s l o w d o w n s o m e w h a t 

the increase in a tmospher ic ca rbon d i o x 

ide . 

S t imula ted plant r e sponse to ca rbon 

d i o x i d e has b e e n m a d e use o f for many 

years by hor t icul tur is ts , w h o raise the 

level o f c a rbon d i o x i d e in g lasshouses to 

speed u p the g rowth and increase pro

duc t i on o f c rops s u c h as tomatoes , let

tuce , and c u c u m b e r . 

O n l y recen t ly , h o w e v e r , have m e a s 

urements been m a d e o f this accelerated 

g r o w t h o v e r e x t e n d e d p e r i o d s . T w o 

papers presented at the s y m p o s i u m gave 

results o f studies where ca rbon d i o x i d e 

levels in g lasshouses had b e e n d o u b l e d . 

D r C h i n W o n g o f the D e p a r t m e n t o f 

Env i ronmenta l B i o l o g y at the Austra l ian 

N a t i o n a l U n i v e r s i t y s t u d i e d t he re -

Clouds are conceivably the 
most vital factor in 
regulating the earth's 
climate. 

sponse o f s n o w g u m , co t t on , and c o r n , 

w h i l e D r John D o w n t o n o f the CSIRO 

D i v i s i o n o f Hort icul tura l Resea rch , to

gether w i th A m e r i c a n c o l l e a g u e s , inves

tigated s o m e desert shrubs. 

E a c h recorded a s ignif icant e n h a n c e 

m e n t in the rate o f pho tosyn thes i s , as 

expec ted , ranging f rom 4 0 % to 1 0 0 % for 

plants wi th a C 3 photosynthe t ic pathway 

(mos t o f the wor ld ' s plants). Plants w i th 

the C 4 pathway, notably co rn , were m u c h 

less affected. H o w e v e r , important sub

s id ia ry e f fec t s a l so o c c u r r e d . A m o n g 

t h e m w a s a m a r k e d r e d u c t i o n i n the 

a m o u n t o f water lost t h rough transpira

t i o n , i n t h i s c a s e s h o w i n g u p m o s t 

s t rongly in c o r n . 

10 

With extra carbon dioxide, the 
abundance of plants in arid areas may 
increase. 

T h e net result is that all plants d is 

played greater e f f ic iency in water use, 

typical ly a ha lv ing in the a m o u n t needed 

for a g iven a m o u n t o f g rowth . O n e i m 

pl ica t ion is that, wi th elevated ca rbon 

d i o x i d e levels , plants may b e g i n to g r o w 

in arid areas where they are unab le to 

g r o w at the m o m e n t . T h e i n c r e a s e d 

water-use e f f ic iency o f plants may also 

coun te r o n e predicted effect o f h igher 

c a r b o n d i o x i d e l e v e l s — n a m e l y , re

d u c e d rainfall in s o m e important agri

cul tural areas. 

H o w e v e r , there is n o t e n o u g h ev i 

d e n c e yet to s h o w def in i t e ly that the 

wor ld ' s b iomass wi l l increase . D r R o g e r 

Gi f ford o f the CSIRO D i v i s i o n o f Plant 

Indus t ry has g r o w n w h e a t i n a c o n 

trol led env i ronmen t cha rged wi th extra 

ca rbon d i o x i d e . T h e plants g rew m o r e 

qu i ck ly and were larger. But in the real 

w o r l d , w i l l the r i ch diversity o f plants all 

behave similarly or w i l l m a n y just reach 

the same size faster and c r o w d ou t the 

s l ower -g rowing ones? 

D r Gi f ford bel ieves the ques t ion is a 

t o u g h o n e , but that ind ica t ions are that 

land plants wi l l indeed g r o w b igge r (ma

rine plants are no t cons ide red because o f 

lack o f k n o w l e d g e about them) . 

Scient is t s talk o f the ' b io t i c g r o w t h 

factor ' — the p ropor t ion o f extra ca rbon 

that plants store, over their w h o l e life, per 

unit increase in ca rbon d iox ide . Va lue s 

o f 0 •5 to 0 •8 have been derived f rom ex

p e r i m e n t s w i t h i n d i v i d u a l p lants and 

smal l c a n o p i e s . T h a t is , the plants store 

0 • 5 — 0 • 8 % m o r e c a r b o n w h e n c a r b o n 

d i o x i d e is increased by 1%. 

S o m e scientists hesitate to apply those 

f igures to plant c o m m u n i t i e s , be l iev ing 

l imi t ing factors such as c o m p e t i t i o n for 

l ight, water, and nutrients wi l l c o m e into 

play and l o w e r the f igure cons iderab ly . 

H o w e v e r , D r Gifford 's experiments , with 

annual plants, lead h i m to think that ex

tra c a r b o n d i o x i d e tends to make plants 

use all scarce resources m o r e efficiently 

(albeit w i th s o m e difference be tween the 

g rowth response o f individual plants and 

that o f plant c o m m u n i t i e s ) . 



Cause and effect 

for a 10% change 
in: 

surface temperature will change 
by this number of degrees Celsius 

given: 
clear sky low-level 

cloud 
medium-

level cloud 
high-level 

dense 
cloud 

high-level 
light cloud 

sun's output 12.6 1 2 0 12.0 12.5 12.7 

amount of cloud - 2 . 8 - 2 . 2 0.4 2 .6 

reflectivity of 
earth's surface 

- 8 to 
- 9 

- 1 . 3 to 
- 1 . 4 

- 1 . 7 to 
- 1 . 8 

- 3 to 
- 4 

- 4 . 6 to 
- 1 2 

carbon dioxide 
level 

0.26 0 06 0 0 5 0 0 4 0 04 

amount of ozone 0.23 0 1 6 0 1 8 0 0 4 0 0 4 

The table, prepared by Dr Webster and Dr Stephens, shows the sensitivity of the 
earth's surface temperature to various factors. 

Dr Roger Gifford has found that extra 
carbon dioxide makes plants use scarce 
resources more efficiently. 

Dr Gifford believes biotic growth fac
tors in the real world should remain 
high, even over the life of long-lived per
ennials, and on present knowledge he 
selects a value of 0 . 6 as a best estimate of 
the average figure. Al l ecosystems, 
whether they are limited by light and 
nitrogen (as in the humid tropical for
ests) or by low water supply (as in the 
semi-arid regions) or by low tempera
tures (as in temperate forests), should 
benefit. 

Most of the world's biomass is in for
ests; so — over the time scale of dec
ades, in which we are interested — trees 
are the most significant absorbers of car
bon dioxide, storing the carbon in wood. 
Annuals will simply cause a year-to-year 
oscillation in the amount in store. Of 
course, over a time scale of centuries, 
trees will die and we need to consider the 
build-up of long-lasting soil organic 
matter. 

Tropical rainforests are being cleared 
rapidly in many parts of the world — a 
matter of concern from many view
points. Fortunately, however, it seems 

that temperate forests, after facing their 
greatest onslaught earlier in the century, 
are now increasing due to reafforesta
tion. 

Despite the lushness of tropical for
ests, temperate forests are just as good at 
laying down carbon where it matters — 
in long-lasting wood. Indeed, because of 
the fast decomposition of leaf litter in the 
tropics, the floor of temperate forests ac
tually holds ten times as much organic 
carbon (40 billion tonnes over 24 mil
lion square km) as the tropical forest 
floor (4 billion tonnes over a similar 
area). 

Plants may begin to grow in 
arid areas where they are 
unable to grow at the 
moment. 

Dr Gifford estimates that the world's 
vegetation is storing more than 1 billion 
tonnes more carbon each year than it 
would if carbon dioxide levels had re
mained at 1958 values (when monitor
ing began). He derived this figure from 
estimates of biotic growth factors and of 
rates of growth and decay in each of nine 
broad vegetation categories (tropical for
est, temperate forest, woodland, tropical 
grassland, and so on). 

Evidence that the biosphere has in fact 
increased in size comes from seasonal 
measurements of global carbon dioxide 
concentration. These show an annual 
fluctuation related to summer growth and 
winter decay of vegetation, and the size of 

this annual fluctuation has steadily in
creased over the past 20 years (see the 
box on page 9). 

All this suggests that the biosphere 
may already be having an appreciable ef
fect on carbon dioxide level, and that its 
flourishing will increase as carbon diox
ide levels become higher. 

A tentative estimate by Dr Gifford is 
that the world's tropical grasslands store 
in total at least as much carbon in re
sponse to elevated carbon dioxide as do 
the tropical forests. Apparently the 
grasslands can store long-lasting soil or
ganic carbon whereas wetter tropical 
forests cannot. This is not an argument 
for clearing tropical forests, but it does 
show that effects are often unpredict
able. 

Disruptive changes 

Taken together, the oceans, clouds, and 
plants may soften the impact of a rise in 
carbon dioxide. But then again, they may 
not. 

If the carbon dioxide level does rise to 
the expected levels and the climate 
changes, not all the changes need be 
deleterious, as we have seen. However, 
on the social and political levels, any 
major change is likely to be disruptive. 
One country's increased rainfall does not 
simply make up for the decrease in an
other's. 

A crucial point is the speed at which 
changes occur. The longer the time span, 
the more likely it becomes that we will 
cope satisfactorily. T o buy time we could 
conserve energy, swing over as quickly as 
possible to renewable energy sources (or 
nuclear power), and plant more trees. 

Andrew Bell 
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