
Methane, or marsh gas, is increasing in abundance in 
our atmosphere. With other trace gases, it is adding to 
the suggested warming effect of the steadily growing 
concentration of carbon dioxide. 

Measuremen t s by D r Paul Fraser o f the 
C S I R O D i v i s i o n o f A t m o s p h e r i c Phys ic s , 
in c o n j u n c t i o n wi th scientists f rom the 
O r e g o n Graduate Centre in the Uni ted 
States, s h o w that air sampled at the Cape 
G r i m a t m o s p h e r i c b a s e l i n e s ta t ion in 
T a s m a n i a has increased its methane c o n ­
tent by 1•2% per year over the last 3 years. 
T h i s f igure is in l ine wi th results be ing 
recorded at stations overseas w h e r e s im­
ilar measurements are be ing made . 

O n e c o m p u t e r m o d e l o f a tmospher ic 
w a rming estimates that, dur ing the last 
d e c a d e , c a r b o n d i o x i d e has c a u s e d an 
average g lobal temperature rise o f 0 • 1 4 ° C , 
and methane and other trace gases have 
caused a further increase o f 0 • 1 0 ° C . T h e s e 
effects are smal l , but g r o w i n g . Before the 
end o f this century, the c o m b i n e d effect 
o f these w a r m i n g gases shou ld b e g i n to 
b e c o m e apparent above the natural vari­
ability o f c l imate (see ' W h e n the air's car­
b o n d iox ide d o u b l e s ' , in Ecos 2 8 ) . 

A s far as w e can ascertain, the me thane 
conten t o f the a tmosphere has increased 
by about 2 0 0 parts per b i l l i on over the last 
decade (from 1400 to 1600 p .p .b . ) . In as­
sessing bo th the causes and effects o f this 
rise, w e mus t cons ide r other trace gases 
because o f methane ' s interact ions wi th 
them. 

In particular, methane is c lose ly c o u p l e d 
wi th ca rbon m o n o x i d e , ox ides o f ni t ro-

Oil and natural-gas production adds 
some methane to the air. 

gen , o z o n e , and hydroxyl radicals in the 
lower a tmosphere and wi th ch lo r ine rad­
icals in the stratosphere. A s a result o f the 
burn ing o f fossi l fuels, emis s ions o f car­
b o n m o n o x i d e and ox ides o f n i t rogen — 
as w e l l as c a r b o n d iox ide — have been 
increas ing. F r o m m o d e l s o f a tmospher ic 
c h e m i s t r y , sc ien t i s t s infer that an in­
crease in these gases, and in methane , 
br ings about an increase in o z o n e in the 
l o w e r a tmosphere . 

A l t h o u g h o n ly about 1 0 % o f the at­
mosphe re ' s o z o n e is in this r e g i o n (the 
t r o p o s p h e r e ) , th is a m o u n t c o n t r i b u t e s 
about half o f the c o m p o u n d ' s total warm­
ing (or ' g r eenh ouse ' ) effect. T h u s , meth­
ane not on ly contributes directly to a g lobal 
warming , but a lso does so indirect ly. 

Each cow belches up about 
300 litres of methane a day. 

In another c h e m i c a l interact ion, meth­
ane reduces the number o f ch lo r ine rad­
icals in the stratosphere by conve r t i ng 
t h e m to h y d r o c h l o r i c acid. A s a c o n s e ­
q u e n c e , it reduces the ozone-des t roy ing 
p o t e n t i a l o f the c h l o r i n e - c o n t a i n i n g 
c h l o r o f l u o r o c a r b o n s tha t h a v e b e e n 
bu i ld ing u p in the a tmosphere . ( T h e r e is 
a p o s s i b i l i t y that c h l o r o f l u o r o c a r b o n s 
themselves may be leading to u n w e l c o m e 
changes in our c l imate — see Ecos 14.) 

T h e reac t ion o f methane wi th the hy­
droxyl radical ( O H ) is the pr incipal re­
m o v a l m e c h a n i s m (or sink) for the gas in 
the a tmosphere . T h e burn ing o f fossi l 
fuels is be l i eved to have t w o effects that 
are relevant here. W h e n carbon m o n o x i d e 
is added to the a tmosphere , it reduces the 
concen t ra t ion o f the hydroxyl radical , and 
so less methane is destroyed, leading to 
h igher me thane leve ls . H o w e v e r , extra 
ox ides o f n i t rogen (also l iberated f rom 
fossil-fuel c o m b u s t i o n ) create m o r e o z o n e , 
w h i c h leads to more hydroxyl radicals, and 
so to a decrease in methane levels . 

Sources and sinks 

Scientists are as yet unable to say wi th 
certainty w h i c h effect p redomina tes , but 
the i ne scapab l e fact is that m e t h a n e ' s 
levels are r is ing. It has many sources , the 
main o n e s b e i n g : the d e c o m p o s i t i o n o f 
o rgan ic matter in soi ls and swamps by 
anaerobic bacteria; fermentat ion in the 
digest ive systems o f animals , particularly 
cattle and other ruminants ; and leakage 
f rom c o m m e r c i a l natural-gas fields and 

Instruments for measuring the minute 
concentration of methane in the air. A 
gas chromatograph equipped with a 
flame ionization detector is the heart of 
the system. 
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T h e s e estimates o f methane emiss ions 
indicate that increasing methane levels 
in the a tmosphere are largely due to 
cattle and rice paddies . 

coa l m i n e s . T h e gas may also seep f rom 

faults in the earth's crust . 

T h e earth's a tmosphere con ta ins s o m e ­

thing l ike 4 to 5 b i l l i on tonnes o f meth­

a n e , w i t h a c u r r e n t e s t i m a t e d y e a r l y 

addi t ion o f 0•5 to 1 b i l l i on tonnes . T h e 

gas stays in the air for an average o f abou t 

5 years before breaking d o w n , ul t imately 

to ca rbon d i o x i d e . 

I so tope measurements lead scientists 

to suspect that the sources o f m o r e than 

8 0 % o f the me thane are b i o l o g i c a l . T h e 

ratio o f ca rbon-14 to ca rbon-12 is h igher 

in l iv ing systems than in long-dead or­

gan ic material , b ecause o f the s l o w ra­

dioact ive decay o f ca rbon-14 (its half-life 

is 5 7 0 0 yea r s ) . H e n c e , m e t h a n e f r o m 

swamps and catt le , for e x a m p l e , has a 

h igher ratio than that f rom natural-gas 

f ields . 

C o n t a m i n a t i o n o f a tmospher ic meth­

ane by ca rbon-14 f rom nuclear e x p l o s i o n s 

compl i ca t e s the picture . Measu remen t s 

m a d e b e f o r e t h e e x p l o s i o n s b e g a n , 

a l t h o u g h u n a m b i g u o u s , are o f l im i t ed 

p rec i s ion . S o scientists attempt to c o m ­

pensate for the effect o f a tomic b o m b tests 

w h e n interpreting their measurements . 

S o m e scient is ts are taking measu re ­

ments o n air bubb le s trapped in Antarc t ic 

i ce that is at least 100 years o ld . T h i s w o r k 

indicates that the concen t ra t ion o f meth­

ane last century m a y have been about 6 0 0 

p .p .b . , less than ha l f today 's f igure. 

Effects of rice and cattle 

T h e annual input o f me thane to the at­

m o s p h e r e is no t k n o w n accurately. U s i n g 

o n e p u b l i s h e d es t imate o f 550 m i l l i o n 

tonnes per year, D r Fraser ca lcula tes that 

abou t ha l f o f this c o m e s f r o m natural 

marshes and one-quarter f rom artificial 

A modelling study suggests that trace 
gases added to the atmosphere between 
1970 and 1980 caused a global warming 
of 0 •1°C — nearly as much as that 
brought about by carbon dioxide 
(0 14°C). 

releases pockets o f methane trapped in coa l 

seams. 

T h e diagram shows the c o m b i n e d effect 

o f all these sources . It s h o w s a rise in 

me thane emi s s ions o f 0 • 9 % per year, c o r ­

r e spond ing to a rise in a tmospher ic c o n ­

c e n t r a t i o n o f a b o u t 0 • 7 % . T h e 

con t r ibu t ion o f marshes is a s sumed to b e 

constant , a l t hough the area o f wet lands , 

swamps , b o g s , f lood-pla ins , and the l ike 

is n o d o u b t b e i n g altered, and the a m o u n t 

o f me thane they emi t varies a lo t depend­

ing o n temperature, nutrient supply, and 

other factors. 

T h e in f luence o f added ca rbon m o n ­

o x i d e and o x i d e s o f n i t rogen also has to 

b e cons ide red w h e n relating the increase 

in methane emi s s ions to the c h a n g i n g 

m e t h a n e leve l in the a tmosphere . T h e 

results o f ca lcu la t ions w i th o n e m o d e l o f 

a tmospher ic chemis t ry sugges t a rise o f 

0 • 6 % per year f rom s u c h sources , g iv ing 

a total rise in me thane level o f 1•3% per 

year. T h i s is in reasonable ( a l though p o s ­

sibly for tui tous) agreement wi th actual 

measurements , sugges t ing that scientists 

may b e o n the right track. 

De ta i l ed measurements at C a p e G r i m 

s h o w that, supe r imposed o n a steady in­

crease, the concen t ra t ion o f me thane var­

ies t h r o u g h o u t the year , p r o b a b l y i n 

r e sponse to seasonal b i o l o g i c a l activity. 

In t r iguingly , m a x i m u m methane c o n c e n ­

t r a t ions are f o u n d in a u t u m n in the 

N o r t h e r n H e m i s p h e r e , w h e r e a s t h e 

Southern Hemisphere ' s m a x i m u m occur s 

in spring, that i s , a round the s ame t ime 

( S e p t e m b e r - O c t o b e r ) . 
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marshes , part icularly r ice paddies . T h e 

remain ing quarter c o m e s f rom ruminan t 

animals , ma in ly cattle, and c o a l and gas 

f ields. 

It is s ignif icant that cattle n u m b e r s and 

r i c e p a d d i e s are s t e a d i l y i n c r e a s i n g . 

Ca t t l e are a m o n g the f a s t e s t - g r o w i n g 

methane sources . S i n c e 1940 their n u m ­

b e r s h a v e d o u b l e d to 1 2 1 0 m i l l i o n , 

a c c o r d i n g to U n i t e d N a t i o n s s o u r c e s . 

E a c h c o w b e l c h e s u p about 3 0 0 litres o f 

me thane a day. 

A l s o , in the 30 years f rom 1950 , the area 

under r ice has m o r e than doub l ed . In­

dustrial g rowth over the same pe r iod has 

meant that c o a l and gas use has g r o w n 

t o o . Quant i t ies o f natural gas ( w h i c h is 

main ly methane) are deliberately vented 

to the a tmosphere ; and s o m e inevi tably 

leaks away to the air. T h e m i n i n g o f c o a l 



E x p e r i e n c e i n m o d e l l i n g S o u t h e r n 
H e m i s p h e r i c annua l c y c l e s o f c a r b o n 
d i o x i d e has s h o w n that a s ignif icant , if 
n o t the major , part o f the variation in car­
b o n d i o x i d e levels in this hemisphe re is 
d u e to b i o l o g i c a l activity in the o ther 
hemisphere . T h e impac t o f this activity 
o n the c o m p o s i t i o n o f the Sou the rn H e m ­
isphere's a tmosphere is delayed by the t ime 
it takes for air masses to e x c h a n g e b e ­
tween the hemispheres ( o f the order o f 
1 year) . 

T h e same p h e n o m e n o n c o u l d b e o c c u r ­
r ing wi th methane . I n other words , this 
year 's m i n i m u m in Austral ia 's me thane 
concen t ra t ion c o u l d be last year 's m i n i ­
m u m f rom the Nor the rn H e m i s p h e r e . 

A ne t transfer o f m e t h a n e f r o m the 
N o r t h e r n H e m i s p h e r e to the Sou the rn 
H e m i s p h e r e o c c u r s b e c a u s e m e t h a n e 
sources are largely land-based and land 
is concent ra ted in the Nor the rn H e m i ­
sphere. O n average, concent ra t ions in the 
N o r t h e r n H e m i s p h e r e are h i g h e r than 
those in the Southern H e m i s p h e r e . D r 
Fraser ca l cu l a t e s that this g rad ien t is 
mainta ined by an annual f lux o f 80 mi l ­
l i o n tonnes o f me thane f rom the Nor the rn 
into the Sou the rn H e m i s p h e r e . 

Andrew Bell 
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