
Measurements of methane in the troposphere and 
lower stratosphere 

By A. E. BAINBRIDGE and LEROY E. HEIDT, National Center for Atmospheric Research, 
Boulder, Colorado 

(Manuscript received October 27, 1965; revised version received February 22, 1966) 

ABSTRACT 

Two profiles of air samples have been collected over Southern U.S.A. (30" N latitude) 
between ground level and 23 km and analysed for methane. The results show, with 
increasing altitude, a mixing ratio nearly constant to the tropopause and decreasing 
rapidly in the lower stratosphere. The results suggest that the troposphere is the major 
region of destruction of methane. 

Introduction 

Atmospheric methane is produced a t  the sur- 
face of the earth by biological reactions, and by 
industrial and geochemical processes. No known 
chemical reactiom in the atmosphere can pro- 
duce it, and its mode of destruction in the at- 
mosphere is not yet determined. Determinations 
of atmospheric methane concentrations have 
been made in total air columns (GOLDBERG, 

1948; FINE et al., 1964) and in surface air 
(SHAW, 1959; BOWMAN BE SHAW, 1963) by 
optical spectroscopy. Attempts have been made 
to determine the methane mixing ratio as a 
function of altitude by measurements of total 
adsorbtion made a t  various angles of the sun; 
but, since most of the methane is in the lower 
atmosphere, vertical variations of concentra- 
tion are difficult to determine by this method. 

Atmospheric methane has four principal 
isotopic forms involving C18, C14, HZ and Ha 
(GLUEKAUF, 1951; BAINBRIDUE et al., 1961; 
BISHOP et ul., 1962; BEUEMANN, 1963). The 
Cl4/ClZ ratios indicate that more than 75 % 
of the methane is produced by contemporary 
biological reactions while the remainder must 
be from fossil sources such as oil fields and vol- 
canoes. This is in fair agreement with the rough 
estimates of KOYAMA (1963). However, the 
tritium content of atmospheric methane is 100- 
1000 times higher than the ground water from 
which the hydrogen in the methane is derived. 
Highest concentrations of CH,T were found in 
the northern troposphere, indicating this tto 
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1951, GOLDBERU & MULLER, 1953; MIGOETTE, 

be the source region. The limited amount of 
data available as a function of time led MAR- 
TELL (1963) to propose atmospheric chemical 
reactions betweenmethane compounds and tritia- 
ted molecular hydrogen, but as more experi- 
mental data became available (BEGEMANN, 
1963) it was not clear that this mechanism was 
necessarily correct. The reactions proposed by 
Martell, however, suggest that the geochemistry 
of methane is a complex subject warranting 
further investigation. The present study is a 
part of a general survey of the variations of 
methane in the atmosphere. 

Experiment a1 

A gas sampling device, consisting of eight 
evacuated bottles ( < 1 p Hg residual pressure) 
which could be connected in turn to a sampling 
manifold by a rotary valve, was constructed in 
such a way that it would be carried to altitude 
either by a balloon or by an aircraft. Prior to 
opening the bottles to the atmosphere, the 
manifold was flushed about 20 times with am- 
bient air by a small pump, and the residual 
pressure (if any) in the bottles was measured 
by thermocouple gauges. The bottles were 
constructed by welding the mouths of two 2 
liter stainless steel beakers together. An inlet 
to this bottle was provided by a 0.63 cm (& 
inch) outer diameter spigot and a small instru- 
ment type valve was used to isolate the bottles 
from the sampler. The material used was stain- 
less steel. 
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FIG. 1. Methane concentration as a function of alti- 
tude. Samples were collected from aircraft (below 
9 km) and by balloon borne equipment. The sam- 
pling locations were in East Texas and Western 
Louisiana, U.S.A. 

Sampling Details 

On 15 March 1965 the gas sampler was in- 
stalled on a balloon gondola to obtain a profile 
of air samples in the vicinity of Louisiana. 
The balloon was launched from the NCAR 
station in Palestine, East Texas. It ascended 
to a height of 24 kilometers where the surface 
0.‘ the balloon was allowed to degas for two 
hours. The balloon and gondola was then com- 
manded to descend and samples were collected 
at selected altitudes between 24 and 9 km. The 
gondola was suspended 200 meters below the 
balloon, and the gas inlet was located a further 
10 meters below. This long train was construc- 
ted in order to minimize the amount of con- 
tamination that could be carried from the tro- 
posphere adsorbed on the balloon and which 
could subsequently be released and collected 
by the sampling system. 

The first balloon trajectory was approxi- 
mately due east and the cutdown occurred in the 
vicinity of the Mississippi River. On 6 April 
1965 a second profile of samples below 9 kilo- 
meters were collected aboard the National 
Center for Atmospheric Research “Queen Air” 
aircraft. The sampling line was located above 
the cabin of the aircraft in a region of free 
flow as previously determined by pitot tube 
measurements. Six samples were collected at 
intervals of approximately 1700 meters over 
Louisiana. 

On 20 June 1965 both the balloon and the 
aircraft flights were repeated except that the 

location of the profiles was over central Texas, 
150 kilometers south of Dallas. 

Results 

Samples were analyzed for methane, neon, 
oxygen and nitrogen by a gas chromatographic 
technique to be published elsewhere. The con- 
centrations of the latter three gases in all sam- 
ples were the same as in ground level air to 
within the experimental error of 2 %. The 
results of the methane analyses are given in 
Figure 1. 

In  the first profile in the troposphere the 
concentration decreased from ground level to 
4.5 km, but above this it remained constant to 
the tropopause. The stratospheric data show a 
decreasing mixing ratio with height which can 
be represented, to a good approximation, by 
an exponential relationship which decreased to 
l/e of the initial value with an increase in 
altitude of 14.1 km. The second profile shows 
similar effects except that there was no sta- 
tistically significant gradient a t  the lower level. 
The gradient in the stratosphere can be ap- 
proximated to an exponential decrease with 
height, but in this case the distance for a l/e 
decrease is 22 km. 

By integrating the first and second profiles 
an abundance of 3.2 x 1018 and 3.4 x 10lD 
molecules of methane per square centimeter, 
respectively, are obtained, consistent with 
results obtained by GOLDBERG (1951) by 
optical spectroscopy over Michigan during the 
spring of 1950. 

The vertical wind velocity was estimated 
to be 0.75 cm sec-l for the second profile. For the 
first profile the value is uncertain (P. Julian, 
private communication). 

Discussion 

The lower troposphere 

Between ground level and 4.5 km the con- 
centration in flight A decreased from 1.60_+ 
0.03 to 1.46 k0.03 ppmv, but did not change 
with altitude in flight B. Differences between 
the two flights show that the system is not in 
steady state, but such changes coupled with 
comprehensive wind and temperature data 
suggest that it may be possible to determine the 
average methane production rate over ex- 
tended areas of the earth’s surface. 
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The upper troposphere 

Within the error of the measurements the 
methane concentration is constant between 4.5 
km and the tropopause for both flights, showing 
that the region is well mixed without large 
sources or sinks. For the two profiles the total 
methane in the troposphere remains constant 
as the average height of the tropopause shifts. 
Since the average mixing ratio in flight B is 
higher than in flight A, then either the produc- 
tion increased or the destruction rate decreased 
between the time of the two flights. If the pro- 
files are representative of the whole of the tro- 
posphere then thunderstorms, which occur 
mainly in the summer, as one source of energy 
for the destructive reactions of methane 
(MARTELL, 1963) does not seem to be likely. 
On the other hand, the biological production 
during the summer should also be at a maximum 
and so the problem remains unresolved. 

The tropopause 
Near the tropopause for flight A the methane 

gradient is -5.4 x 10-18 g g-l cm-l and K 
is about 2 x lo* cma sec-1, but decreases with 
height. At the tropopause (88 mB) then the 
transport in the vertical direction by eddy 
diffusion alone is (BOLIN, 1962) equal to 4.8 x 

yr-'. The gradient for flight B is 
-3.1 x 10-13 g g-I cm-1 and this is equivalent 

to a transport by eddy diffusion at the tropo- 
pause (130 mB) of 4.2 x 10-6 g y r l .  Thus 
the transport of methane across the tropopause 
is about the same for each flight and is much 
less than the production estimated by Koyama 
indicating that the troposphere may be the 
major region for sinks of methane. 

The lower 8tTat08pher.9 
The variations of the methane in this region 

can best be discussed using the following equa- 
tion (BOLIN, 1962): 

g 

aq/at + v . v q  -( l /e)V*(KeVq) -P  +Aq =o, (1) 

where q =mixing ratio (g g-l) 

= 16 C/29 

C =concentration (ppmv) 

V=instan%neous wind vector (cm 
sec -l) 

e =density (g cm-a) 

P =production rate (g g-I sec-I) 
A =destruction rate (sec-l) assumed to 

K =eddy diffusion coefficient (g 
be first order 

sec-l) 

The first term accounts for the local time varia- 
tions, the second and third terms for transport 
due to advection and eddy diffusion and the 
fourth and fifth terms for the chemical sources 
and sinks. 

Below 25 kilometers K is decreasing with 
altitude (LETTAU, 1951). Thus it can be shown 
from the data, in Table 1 that both vertical 
tranport terms (equation 1) and the variation of 
concentration with time are negative. No data 
on the possible chemical reaction (BATES & 
WITHERSPOON, 1952; ALTSHULLER, 1951; CADLE 
& ALLEN, 1965) could be found which would 

result in any significant production or destruc- 
tion of methane in this region. Thus in order 
to balance equation 1 the horizontal components 
of the transport must be significant. If the net 
zonal transport is zero for trace substances 
(BOLIN, 1962) then the methane must be moving 
in a meridional plane, possibly in a similar 
manner ~ ; r  ozone (CRAIG, 1965). 

Conclusions 

Samples of air collected up to altitudes of 
23 km show the mixing ratio of methane to 
decrease systematically. The tropopause ap- 

TABLE 1. Summary of Amlyticul Data. 

Date March 15, 1965 April 6, 1965 July 20, 1965 
Tropopause level 88 mB 90 mB 130 mB 
Concentration at 

Ground level 1.60 k0.03 1.60k0.03 
4.5 km 1.46k0.03 1.60 f 0.03 
Upper Troposphere 1.46k0.03 1.60 k 0.03 
24 km 1.05+0.03 1.31 k 0.03 

Stratosphere Vertical Wind 0.75 om sec-I 
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pears to be the altitude at  which the most signi- 
ficant changes occur. With the limited amount 
of meteorological and geochemical data avail- 
able it is more likely that the decrease is caused 
by horizontal rather than vertical motion at the 
sampling location. 

The transfer of methane acrm the tropopauae 
is less than 10 % of the production estimates 
of KOYAMA (1963) and if this is taken as a 
global average it would indicate that the major 
region of destruction is in the troposphere. 
Significant changes in the troposphere also 
support this contention. 

Several geochemical parameters critical to 
understanding the behavior of methane, espe- 
cially its mode of production and destruction, 
are still not known. Of major importance is 
the effectiveness of bacteria as sources and 
sinks. 
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B3MEPEHME METAHA B TPOIIOCQEPE B HBXHEm CTPATOCQEPE 

I I o n y s e H M  p a  npo@inR npo6 B o a n y x a  H a n  n o w H  IIOCTOHHHO, B n n o T b  no ~ p o n o n a y s b ~ ,  II 

M e T a H a  B npo6ax. P e a y n b ~ a ~ b ~  ~ O K ~ ~ ~ I B ~ I O T ,  nocaepa m m e T c R  O C H O B H O Z ~  0 6 n a C T b I O  pacnaga 

lomHOZf YaCTbIO C U A  (30" C.III.) OT YPOBHR 6bICTPO y 6 b I B a e T  B HHHcHefi CTpaTOC@epe .  Pe- 
3eMJIH A 0  23 KM. A H a J l U 3 H p y e T C H  C O g e p H c a H H e  3YJIbTaTbl  3aCTaBJIRloT  npenI IOJ lO?KHTb,  9 T O  T P O -  

YTO C YBeJIHYeHHeM BblCOTbl OTHOIUeHHe CMeCH M e T a H a .  
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