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Sources and Sinks of Atmospheric Methane 

By D. H. EHHALT 1) and U. SCHMIDT 1) 

Abstract - In 1972 average mixing ratio of methane in the troposphere was 1.41 ppm and 1.3 ppmv for 
the northern and southern hemisphere, respectively, which corresponds to a total amount of 4 x 1015 g of 
CH4 present in the atmosphere. Most is of recent biologic origin, t4C analyses show that no more than 
20 percent is released by fossil sources. The various ecosystems producing C H  4 a r e  discussed and the total 
annual production is estimated to lie between 5.5 x 10 t4 g/yr and 11 x 1014 g/yr. The corresponding 
turnover times for atmospheric CH 4 range from 4 to 7 yrs. The destruction of C H  4 takes place mainly in 
the troposphere, most probably through the reaction of C H  4 § OH -~ CH 3 + HaO. About 10 percent of 
the CH 4 is destroyed in the stratosphere. The CH 4 cycle contributes on the order of 1 percent to the atmo- 
spheric carbon cycle. 
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1. I n t r o d u c t i o n  

The presence o f  methane in the earth 's  a tmosphere  was discovered by MIGEOTTE 

(1948), who measured its infrared absorpt ion  bands in the solar spectrum. The 

early optical measurements  indicated a un i form distribution th roughou t  the a tmo-  

sphere with an average mixing ratio o f  2 ppmv. Subsequent  optical measurements  

indicated a lower value o f  1.4 ppmv WINK e t  al . ,  1965). More  recent measurements  
by EHHALT and HEIDT (1973) and HEIDT and POLLOCK (1976) using gas chromato-  

graphy gave averages a round  1.41 ppmv and 1.63 ppmv, respectively, in the nor thern  

troposphere.  These measurements  also show that  the C H  4 concentra t ion may  fluc- 

tuate significantly in individual t ropospher ic  profiles. On the average the t roposphere  

appears well mixed in the vertical with respect to C H  4 . However,  there seems to be a 

slight latitudinal gradient with lower CH~ concentrat ions,  about  1.3 ppmv, in the 

southern hemisphere as shown in Fig. 1 (EHHALT, 1977; cf. LAMONTAGNE e l  al . ,  

1974). In the stratosphere the C H  4 concentra t ion decreases rapidly with altitude as 
indicated by Fig. 2. 

Interest in the C H  4 cycle has been stimulated recently by several developments.  

First, it was realized that  C H  4 is impor tan t  for the budget  o f  hydrogen  compounds  
in the stratosphere, contr ibut ing nearly one half  o f  the hydrogen compounds  in the 

1) Kernforschungsanlage Jfilich GmbH. Institut ftir Chemie 3, Atmosphfirische Chemie, D-5170 
Jfilich, BRD. 
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Figure 1 
Latitudinal dependence of the C H  4 concentration. The samples were collected by J. Swinnerton aboard the 

USCGC Glacier during November and December 1972 and measured at NCAR (EHHALT, 1977). 

middle stratosphere and upon the oxidation adding significant amounts of water 

vapor to the upper stratosphere. Second, the oxidation should yield CO as an inter- 
mediate product  and may well be a major  source of CO (McCoNNELL et al., 1971) 

and of H 2 as well. In the following we will discuss the sources and sinks which govern 

the atmospheric CH 4 cycle. Since much of that material has been presented in detail 

previously (EHHALT, 1974, 1976) in the present paper  only the major points of  the 

C H  4 cycle will be reviewed. We will however update the data where new information 

has become available. 

2. Sources of atmoapheric C H  4 

It  is generally agreed that C H  4 is too complicated a molecule with too high 
energy content to be synthesized within the atmosphere and that it must be released 
mainly at the earth's surface. Even before detailed estimates of the CH 4 sources were 
available it was known that most of  the atmospheric CH~ must be produced biologi- 
cally. This information was provided by measurements of  the radiocarbon content in 

atmospheric CH 4. Any C H  4 derived from recent organic material has a 14C content 
very close to that of  recent wood. In contrast, C H  4 derived from fossil fuels or volcanic 
activity contains essentially no 14C. The fuel deposits are so old that the originally 
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Stratospheric profiles of  CH 4 concentrations. The data are mostly from measurements  by N C A R  (as 
summarized by VOLZ et  al., 1976). 

present ~4C has decayed. Several t4C analyses of atmospheric CH 4, made mostly by 
LmBY (1973) are available. They are summarized in Table 1. Most of these samples 
were collected before the atmosphere was contaminated with the 14C from nuclear 
explosions and should represent the natural ~4C level in CH 4. The average laC 
content was 80 percent of that of recent wood, which indicates that 80 percent of the 
C H  4 w a s  of recent biologic origin and 20 percent was 'dead' C H  4 . At that time, 1950, 
these 20 percent represented an upper limit. The measured CH 4 samples had been 
provided by air liquefaction plants, which are usually situated in heavily industrialized 
areas. Hence, these samples might have been subjected to local contamination by 
industrial (dead) CH 4. 

Recent atmospheric CH 4 is contaminated by 14C from nuclear explosions, so that 
this old estimate cannot be updated. But we also see from Table 4 below that the 
known anthropogenic sources add up to much less than 20 percent of the biogenic 
sources so that this old estimate should still represent a reasonable upper limit for 
'dead' CH 4 . The fact that most of the atmospheric C H  4 must be produced biologically 
by the decay of recent organic matter simplifies the search for its sources considerably. 
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Table 1 

1~C content o f  atmospheric CH 4 samples 

14C content 
Sample origin Collection date (~  of standard wood) 

Wembley, England December 1949 75 • 2*) 
Wembley, England April 1950 69 + 2*) 
Tonawanda, New York October 1950 102 + 3*) 
Wembley, England 1959 90t) 
Gary, Indiana January 1960 75.2:~) 

Average 83 

*) LmBY (1973). 
~) BISHOP et al. (1962); sample integrated over several months had 

12.7 dpm/g carbon. 
~) BAINBRIDGE et al. (1961). 

Biogenic CH 4 is produced by a group of anaerobic bacteria, living in anoxic environ- 
ments rich in organic matter. Such environments are found in waterlogged soils, 
swamps, marshes, freshwater and marine sediments, as well as in the intestines of 
animals. The strength of these sources and their importance for the global C H  4 

production are summarized in Table 2. 
In the following we will only discuss those sources which are important or which, 

because of their large area, might become important. 

Table 2 

Biogenic sources o f  atmospheric CH 4 and their 9lobal production rate 

Source strength Total area Annual production 
Source (g CH4/m 2 yr) (106 km 2) (1012 g CH4/yr ) 

Enteric fermentation of 
animals 100-220 

Paddy fields 206*) 1.35**) 280 
Swamps, marshes 50-100 2.6 19C~300 
Fresh water lakes 50-100 2.5t) 1- 25 
Tundra 10 8??) 0.3- 3 
Oceans t.2 x 10 -2 361~) 1.3- 16.6 

Total biogenic 570-850 

*) KOYAMA (1963, 1964). 
**) UNITED -NATIONS FAO (1971 a). 

"~) HUTCHINSON (1948); only 1-10% of that area productive. 
~'~) WHITTAKER (1971); only 1-10% of that area productive. 

4) SVERDRUP et al. (1961). 
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3. Enteric fermentation of animals 

The oldest estimate of CH 4 production is that of the enteric fermentation of 
animals. HtJTCmNSON (t 948, 1954) estimated the amount of CH 4 produced daily by 
various large herbivores (Table 3). From these numbers and from the estimated 
animal populations at that time he derived a global CH 4 production of 45 x 1012 g/yr. 
Mainly because of the doubling of the world cattle population to about 1.2 x 109 
heads in 1970, the present CH 4 production by enteric fermentation has increased to 
100 • 1012 g/yr (Table 3). This value still represents a lower limit, since C H  4 pro- 
duction by a number of other domestic animals, wild herbivores, and possibly by 
herbivorous insects (some of which seem to need bacteria for cellulose digestion), are 
not included. An upper limit can be derived from the following consideration. About 
1.1 x 1017 g/yr of dry plant matter are produced on land, about 10 percent of which 
are eaten by herbivores (WooDWELL, 1970). Cattle consume a minimum of about 
10 kg of dry plant matter per day from which'they produce 200 g of CH 4. The resulting 
food-to-CH 4 conversion ratio of 2.0 x 10- 2 g CH4/g dry .plant matter is the highest 
of all large herbivores (Table 3). If all these animals produce CH4 with this ratio, we 
obtain an upper limit of about 150 x 10 t2 CH4/yr (Table 2) for CH 4 production by 
enteric fermentation. 

Table 3 

Production of  CH 4 by enteric fermentation of  animals 

Annual 
Rate of CH 4 No. of animals production 

production (g/day) in 1970 (x 106) (1012 g/yr) 

Cattle 200.0*) 1198"*) 88.0 
Sheep 15.1") 1026"*) 5.8 
Horse 106.0") 125t) 4.8 
Goat 14.7") 384"~t ) 2.1 

Total 100 x 1012 g/yr 

*) HUTCHINSON (1948). 
**) U.S. DEPT. OF AGRIC. (1971). 
~') UNITED NATIONS FAO (1971b); includes mules and 

asses. 
t t )  UNITED NATIONS FAO (1970). 

4. Paddy fields 

A rather careful estimate exists also for CH 4 production by paddy soils. KOYAMA 
(1963, 1964) measured the CH 4 production rate and its dependence on temperature 
for a number of Japanese paddy soils. From these data he extrapolated the average 
CH 4 production of Japanese rice paddies to 2.3 x 1012 g/yr. This corresponds to an 
average productivity of 80 g CH4/m2/yr. In deriving this number he took into account 
the seasonal variation of the temperature, the depth of the paddy soils (15 cm in 
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Japan), and the fact that paddy soils are waterlogged for about 4 months only. 
Assuming that the paddy soils in other parts of the world (total area in 1964:0.92 x 
106 km 2) are similar to those in Japan, he deduced a global CH 4 production by 
paddy soils of 1.9 • 10 ~4 g/yr. This corresponds to an average production rate of 
206 g CH4/m2/yr which is over twice the Japanese average. Koyama does not explain 
the difference, but it is probably due to the higher annual temperatures in other 
rice-growing countries and possibly also to the fact that in tropical climates 2-3 crops 
are grown per year which means that the rice paddies are waterlogged throughout 
most of the year. 

By 1970 the global area of rice paddies had increased to 1.35 x 106 km 2 (UNITED 
NATION'S FAO, 1971a). Therefore the present annual CH 4 production of paddy fields 
is 280 x 1012 g CH4/yr (Table 2). This figure might represent a slight overestimate 
for the CHg actually released to the atmosphere since Koyama determined the 
anaerobic CH 4 production of soils rather than the release of CH 4 to the atmosphere. 
In nature CH4-oxidizing anaerobic bacteria will consume some of the C H  4 before it 
can reach the atmosphere. But Koyama showed also that the redox potential even at 
the depth of 0.5 cm from the paddy soil surface is already negative. Thus oxidation of 
CH 4 will take place mainly in the overlying water which, however, is very shallow 
(5 cm) and will remove only a small amount of CH~ from the quickly rising bubbles. 

5. Fresh water lakes, swamps and marshes 

There are plentiful data showing that lake sediments, swamps, and marshes 
copiously produce CH4, but very few quantitative studies of the CH 4 production 
rate have been made. CON~E~ (1943) measured the amount of CH 4 reaching the 
surface of Great Fresh Creek, a lake of about 2 m depth in Maryland (U.S.A.). His 
measurements for August (water temperature 24-27.5~ averaged 0.32 g CHJm2/d, 
which if maintained throughout the year would correspond to a release of about 
120 g CH~/m2/yr to the atmosphere. 

Another study was made by HOWARD et al. (1971) in Lake Erie, again during 
summer, when the water temperature was 25~ These authors measured the CH 4 
production of the lake mud by placing inverted funnels 15 cm above the lake bottom. 
They found an average CH 4 production rate of 1.75 g CH4/m2/d, which if maintained 
throughout the year would correspond to about 640 g CH4/mZ/yr. However, most of 
that CH 4 does not reach the atmosphere. Earlier measurements of ROSSOLIMO (1935), 
quoted by HUTCHINSON (1957), showed that the gas bubbles formed at the bottom of 
Lake Beloye, U.S.S.R., about 10 m deep, had a CH 4 content of 74.1 to 83.5 percent. 
After their ascent to the surface the C H  4 c o n t e n t  had decreased to 20 to 24 percent due 
to bacterial oxidation in the water. Assuming a similar oxidation in Lake Erie, the 
amount of CH 4 actually released to the atmosphere would be reduced to about 
200 g CH4/m2/yr if summer time conditions prevailed throughout the year. Diffusion 
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of dissolved CH 4 probably contributes very little to the upward transport because 
CH 4 is readily oxidized in lake water. Oxidation of dissolved CH 4 has also been 
measured by HOWARD et al. (1971). Their in situ measurements gave a CH 4 oxidation 
rate of 56 x 10- 8 g C H j d / c m  3 water between the lake bot tom at 6 m and 4 m depth. 
The oxidation rate then decreased and was virtually zero in the upper 2 m. 

The most recent and most extensive studies of ebullient gases from wetlands have 
been made by BAK~R-Br, OCKE~ et al. (1977). Fluxes between 9.2 x 10 - 6  and 1.1 x 
10 -4 g CH4/cm2/d corresponding to 33 and 401 g/me/yr were found. From their 

data these authors also determined the dependence of  the local CH 4 flux as function 
of the air temperature T to be F = 4.6 x 10 -s  - 5.6 x 10 - 6 .  T + 2.6 x 10 - 7  

T 2 g/cm2/d which allows a more reliable extrapolation to other swamp and marsh 
areas. From this relation they calculated the source strength of  some of  the major 
swamp systems: Pripet Marshes in the U.S.S.R. : 40 g/me/yr, the Sudd region in the 
Sudan: 400 g/mZ/yr, the Everyglades in U.S.A.: 170 g/m2/yr and the swamps in 
Uganda: 230 g/me/yr. The total annual production from these regions amounts to 
68 x 10 l z g  CH4/yr. Still these swamps occupy only about 10 percent of the global 
area of swamps and marshes and a further extrapolation is necessary. Using the 
temperature dependence for CH~-release from BAKER-BLockER et al. (1977), as well as 
that found by KOYAMA (1964), further assuming a more or less uniform distribution of 
swamp, marshes and lakes with latitude and therefore a mean global temperature of 

15~ we tentatively adopt  a mean CH 4 flux of 50-100 g CH~/me/yr for the remaining 
swamps as well as for lake sediments below a water column not deeper than 10 m. 

The remaining areas occupy about 90 percent of the global area of swamps and 
marshes which has been estimated by TWZNI-IOFZL (1951) to be 2.6 x 106 km 2. They 

are assumed to reduce CH 4 with the above rate. The corresponding annual production 
lies between 117 x 1012 and 234 x 1012 g CH4/yr to which we have to add Baker- 
Blocker's estimate of 68 x 1012 g C H 4 / y r  for the mentioned areas. Thus the total 
production from marshes and swamps falls between 190 x 1012 and 300 x 1012 g 

CH4/yr (Table 2). 
The global area of  fresh water lakes has been estimated by HtJa'cnrNsoN (1948) to 

be 2.5 x 106 km e, about 0.1 percent of which he assumed to produce CH 4. This 
fraction is probably too low and we assume that about 1 to 10 percent of the fresh 

water lake areas overlie sediments containing organic material and are shallow enough 
to release CH 4. Thus CH 4 released to the atmosphere from this source should lie 
between 1 x 10 le and 25 x 1012 g CH4/yr (Table 2). 

6. Tundra 

There are a few measurements of the atmospheric CH 4 concentration, which 
indicate that waterlogged tundra releases CH 4 (BENoIa', 1973). Tundra thaws and is 
productive only during the 4 summer months. Despite low precipitation, waterlogged 
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tundra is a common feature because of the bad drainage due to permafrost. CH4 
production rates for tundra have been published by SVENSSON (1973) and SVENSSON 
et al. (1975). For waterlogged tundra the production rate was highest, about 10 g 

CH4/m2/yr. 
WHITTAKER (1971) estimates the global area covered by arctic and alpine tundra 

to be 8 x 106 km 2. To obtain a first estimate we make the assumption that between 1 

and 10 percent of that area is waterlogged at any given time in the warm season. The 
resulting average global production by tundra then lies between 0.3 x 1012 and 
3 • 1012 g CH4/yr (Table 2). 

7. Oceans 

There are a few published measurements of CH 4 dissolved in ocean water, 
indicating supersaturations from about 1.1 to 1.8 with respect to the atmosphere 
(SwINNERTON and L INNENBOM, 1967; S WINNERTON et al., 1969; LAMONTAGNE e t al., 

1973, 1974). These measurements also show an increase of CH 4 with depth. The 
increase is relatively strong in the Gulf  of Mexico and weak in the open Atlantic; 
both nevertheless indicate that the oceans might be a source of CH 4. The release of  
CH 4 can be estimated by calculating the rate of molecular diffusion of CH 4 through 
the stagnant water film of the air-sea boundary. Assuming a diffusion coefficient of 
20 x 10- 6 cm2/sec, a thickness between 30 g and 50 g for the stagnant film (BROECKER 

and PENG, 1974), a solubility coefficient of 0.03 ml CH 4 (STP)/ml H20 .  at (YAMOMO- 
TO et al., 1976) and an average atmospheric CH 4 mixing ratio of 1.4 ppm, we obtain 
between 0.4 x 10 .2  and 4.8 x 10 -2 g C H J m 2 / y r  for the molecular diffusion flux 

of  CH 4 from the open ocean. The total ocean area is 361 x 106 km 2 (SVERDRUP e t al., 

1961) and the resulting global CH 4 release due to upward diffusion in the open ocean 
lies between 1.3 and 16.6 x 1012 g CH4/yr (Table 2). Previous estimates by several 

authors differ by a factor of 5 (EHHALT, 1974; LIss and SEATER, 1974; SELLER and 
SCHMIDT, 1974), but fall into the same range. Since all of those estimates are derived 
from the same data base, the differences are due to discrepancies in the assumed 
values for diffusion coefficients, film thickness and solubility data, that were used in 
the calculations. 

There is a possibility that upwelling sweeps deep, CH4-rich water to the surface in 
certain areas of the ocean, thus increasing the total CH 4 release, but no numbers are 
available at present. 

8. Anthropogenic  CH 4 sources 

In addition to biogenic sources, there is a number of sources which produce 
l~C-free CH 4. They are listed in Table 4. These sources of 'dead' CH 4 total between 
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Table 4 

Anthropogenic and other sources of  14C free C H ,  and their global production rate 

(Pageoph, 

Annual  global production 
Source in 1012 g CHs/yr  

Coal mining 6.3- 22.0*) 
Lignite mining 1.6- 5.7*) 
Industrial losses 7.0- 21.0") 
Automobile  exhaust  0.5*) 
Volcanic emissions 0.2*) 

Total 'dead'  C H 4 
Total 'dead'  CH 4 from 14C content  of  CH 4 

15.6- 49.4*) 
140.0-210.0 

'~) HITCHCOCK and WECHSLER (1972). 

15.6 x 1012 and 49.4 x 1012 g CHs/yr. An upper limit can also be obtained from 

the 14C-content in CH 4 since 14C measurements indicate that the emission of 'dead' 
CH 4 could be at most 25 percent of the biogenic production or 140-210 x 1012 g 

CHs/yr. The relatively large discrepancy between these numbers is due either to 
strong local contamination of the sampling sites used for 14C analysis or to under- 

estimation of  the global emissions of  'dead' CH 4 . With the emission of  'dead' CH 4 
included, the total annual production of  CH 4 lies between 590 x 1012 and 1060 x 
1012 g CH4/yr (Table 5). 

It is instructive to compare the total biogenic production to the other production 

figures listed in Table 5. We find that the release of biogenic CH 4 to the atmosphere 
equals or exceeds the 1965 production of CH 4 from natural gas wells. We further find 

that the biogenically released CH 4 may amount to as much as 0.5 percent of the annual 
production of dry organic matter. Since the energy content of  C H  4 is about three 
times that of cellulose, about t to 2 percent of  the solar energy fixed by photosynthesis 
is lost to the atmosphere as CH 4 and escapes the biologic food chain. Finally, by 

Table 5 

Total global production of C H 4 and plant matter and the amount of  CH 4 
present in the atmosphere 

Annual  production of  
atmospheric CH 4 

Annual  output  of  C H 4 from 
natural gas wells in 1965 

Annual  production of dry 
organic matter  

A m o u n t  of  CH 4 present in the 
atmosphere based on a mixing 
ratio of  1.41 ppmv 

590 • 1012 - 1060 • 1012 g CHs/yr  

520 • 10 Iz g CHs/yr  

1.65 x 101T g/yr*) 

4.0 x 1015 g 

*) WOODWELL (1971). 
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dividing the total amount  of  CH 4 present in the atmosphere by the total production 

rate of C H  4 we  obtain a CH 4 turnover time of  4 to 7 years. 

9. Sinks of atmospheric CH 4 

Measurements over the past 20 years have indicated that the tropospheric CH 4 
concentration was practically constant until 1970. The atmospheric turnover time 

of  C H  4 is about 5 yr, and assuming the C H  4 cycle to be in a steady state, the CH 4 
production must be matched by an equivalent destruction. It turns out that soil 

microorganisms do not present a significant sink for the CH4. 
Laboratory measurements made at NCAR, in which about 40 1 air in a closed 

system had been exposed to natural soil (2000 cm 2) did not show any detectable 
decrease of  the C H  4 mixing ratio (1.5 ppmv) within one day. With an experimental 
error of  5 percent, this means that the CH4 deposition velocity was less than 10 -5 

cm/sec. Since the oceans seem to act as a slight source, the sinks of C H  4 must lie 
within the atmosphere. 

It is well known that CH~ reacts with atomic oxygen, especially with the excited 
OtD atom, and with the OH radical. These radicals are known to be present in the 
stratosphere, and the stratosphere acts as a sink for CH 4 as shown by the vertical 
profiles in Fig. 2. However the stratospheric sink is by far too weak to match the 
surface production. The simplest way to calculate the total destruction of C H  4 in the 
stratosphere is to calculate its flux into the stratosphere. The main transport process is 
upward eddy diffusion, driven by the CH 4 gradient in the lower stratosphere. The 
vertical diffusion flux is given by: 

0M 
J = -p.K~ ~?z 

where p is the density, K z is the vertical eddy diffusion coefficient, and 8M/& is the 
vertical gradient of the C H  4 mixing ratio at the tropopause. 

The hemispherically averaged height of the tropopause is 13 km and the corres- 
ponding density is 2.7 x 10 -4 g/cm 3. If  we take K z to lie between 3 x 103 and 10 4 

cmZ/sec in the lower stratosphere and use the gradient from Fig. 2 which is 0.2 x 
10-12 g C H 4 / g  air/cm, as an upper limit for the global average, we obtain a global 
loss between 25 and 85 x 1012 g/yr by upward eddy diffusion (Table 6). Since our 
estimated global CH 4 production lies between 590 x 10 ~2 and 1060 x 10 ~2 g/yr, the 
stratospheric sink can account for at most 15 percent of the atmospheric CH 4 
destruction, and a tropospheric sink is required. 

The only mechanism which can supply a sink strength of  the required magnitude is 
the reaction of  C H  4 with OH : 

CH 4 + OH -~ CH 3 q- H 2 0  
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Table 6 

Destruction of tropospheric CH 4 

Annual destruction 
Sink 1012 g CH4/yr 

Uptake by soil 
microorganisms < 1 

Loss to stratosphere 25-85 
Reaction with OH in 

troposphere 450-1800 

Total 475-1885 

with a reaction rate of 5.5 x 10 -12 exp (-1900/7) cm3/molecule/sec (GREINER, 

1970). Average tropospheric OH-concentrations have been estimated by a number of 
authors to lie around 106 cm -3 (LEVY, 1971; CRm'ZEN, 1974; WARNECK, 1975; 
WOESY, 1976). Weighing with the vertical temperature and density distribution, the 
average tropospheric life time of CH 4 against reaction with OH is 4.5 yr. The corres- 
ponding global destruction rate is 900 x 1012 g/yr. Unfortunately the average 
concentration of OH in the troposphere is a very uncertain quantity. Although a few 
measurements of its concentration exist, which are in general agreement with model 
calculations (WANG et al., 1976; PERNER et al., 1976; DAVIS et al., 1976), they are by 
far too spotty and we have to rely on the numbers predicted from chemical models. 
The range of uncertainty for the OH concentration predicted by the model calculation 
has never been reliably estimated, but from the scatter of the published data it must be 
at least a factor 2. Thus the sink strength is not better known than the source strength, 
and the turnover time of the CH 4 cycle is certainly not better known than by a factor 
of 2. 

10. Conclusion 

A t m o s p h e r i c  C H  4 originates at the earth's surface, at least 80 percent resulting 
from the aerobic decay of recent organic matter. The CH 4 production must be balanced 
by destruction in the troposphere, most probably by the reaction of CH 4 with the 
hydroxyl radical. A small fraction (at most 15 percent) of the C H  4 e n t e r s  the strato- 
sphere and is destroyed there mainly by the same reaction. The resulting products are 
important to the water and ozone budgets and to the overall chemistry of the strato- 
sphere. The CH 4 cycle is closed at the earth's surface, where CO 2 and H20 (the ulti- 
mate reaction products of CH4) are photosynthesized to plant matter. Some of the 
plant matter enters the soil as litter, a fraction of which is eventually decomposed 
anaerobically with the release of CH 4. The CH 4 cycle makes a small but significant 
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contribution to the carbon cycle. Between 1.5 • 10 is and 2.9 • 1015 g CO2/yr pass 
through it annually. This amounts to a few percent of  the annual CO 2 uptake by 
land plants which is about 130 • l0  is g/yr. 
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