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Fig. 1. Long-term trends and seasonal variations of monthly mean

concentration of atmospheric methane at four stations
(Tokyo, Sapporo, Kyoto, and Fukui) in Japan.
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Estimate of methane emission in Japan (1990)

Sources- Annual emissions (Tg/year)

Rice paddies | 0.150-0.300
Domestic animals | 0.275
Landfills | 0.068-0.427
Natural gas systems 0.061-0.096
Municipal refuse incinerators 0.025-0.034

S Fossil fuel burning 0.005-0.010

! automobills | 0.004-0.150
Natural wetlands 0.007-0.020

Total | - 0.565-1.312



LONG-TERM TRENDS AND SEASONAL VARIATIONS OF ATMOSPHERIC
METHANE IN JAPAN

Haruo TSURUTA
EHEIAHE
National Institute of Agro- Environmental Sciences, Kan-nondai,
Tsukuba, Japan 305

1. INTRODUCTION

Atmospheric methane is one of the greenhouse gases and plays
an important role in atmospheric chemistry of both the
troposphere and the stratosphere. Global sources of atmospheric
methane have been estimated to be about 500 Tg-CH, and the annual
emission rate from natural wetlands and rice paddles to the
atmosphere has been supposed to be 20% of the global emission of
methane, respectively [1,2]. In Japan, total emission of methane
has been estimated to be about 1 Tg- -CH, per year, and only 0.2%
of the glcbal emission [3]. 70% of the total emission in Japan
has been estimated to be derived from rice paddies, domestic
animals, and landfills with solid waste.

Atmospheric methane has been measured in remote area of the
world, and the methane concentration in global average has
increased at a rate of 0.9% per year [1,4]. Behavior of surface
methane, however, has not been clear in the eastern part of Asia
due to lack of data. In Japan, atmospheric methane has been
measured continuously for these ten years at the air pollution
monitoring network. In this report, we will show a brief summary
on analyses of long-term trends and seasonal variations of
atmospheric methane in Japan by using these data.

2. DATA SOURCE

Methane and non- methane hydrocarbon have been measured every
ten minutes by a gas chromatograph equipped with a flame
ionization detector at the stations in the air pollution
monitoring network in Japan since 1980's. A number of stations
for these two gases is now about 300, most of which are located
in urban area. The data of one-hour average concentration of
methane and non-methane hydrocarbon is stored in magnetic tape,
as well as the other data such as sulphur dioxide, nitrogen
oxides, and photochemical oxidant. The methane data, however,
had not been analyzed because the national environmental quality
standard for methane in ambient air is not determined. We have
analyzed these data for the first time and have repoted in some
papexrs [5,6].

3. RESULTS AND DISCUSSION
3.1. Long-term trend

An annual mean concentration of atmospheric methane was 1.83

EE& WORDS: atmospheric methane, long-term trends, seasonal
variation, methane sources, rice paddy fields,

— 232 —



CH4(ppm)

1978 1980 1982 1984 1986 1988 1990
YEAR

Fig. 1. Long-term trends and seasonal variations of monthly mean
concentration of atmospheric methane at four stations
(Tokyo, Sapporo, Kyoto, and Fukui) in Japan. ‘

ppmv in 1989 averaging all.the data in Japan, and it was slightly
higher than the global average of 1.72 ppmv in 1989 [13.
Long-term trends of monthly mean methane concentration at
the three stations located in the center of urban area of Tokyo,
Kyoto, and Sapporo are shown in Fig.l. The methane concentration
has clearly increased at a rate of 0.7% per year between 1981 and
1989, and which is lower than the global increasing rate. This
suggests that the data may be influenced by local sources.

3.2. Seasonal variation

Summer minimum and winter maximum , :

The methane concentration at the three stations has clearly
shown a seasonal variation with a summer minimum and a winter
maximum as shown in Fig. 1. This seasonal cycle was also found
at other monitoring stations located in urban area along the
coast of the Pacific Ocean where the amount of methane emission

to the atmosphere is very small [1]. At lower latitude in
summer, methane concentration was lower and its duration was
longer. These phenomena are caused by arrivals of maritime

tropical air masses poor in methane to Japan Islands from the
south. We have already observed in the ocean far south of Japan
by research vessel that the methane concentration was drastically
decreased after wind direction shifted from the north to the
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south [7]. This is consistent with a seasonal variation observed
at Guam Island [8] located at lower latitude (13N) in the Pacific
Ocean. The summer minimum of methane concentration is the same
phencmenon as that of surface ozone concentration in rural Japan
[9].

On the contrary, the other season except summer, Japan
Islands are covered by continental air masses in which most of
trace gases such as methane, ozone, nitrogen oxides are higher
than in maritime air masses. The winter maximum was observed in
December at the three stations, and much higher than the methane-
concentration in continental air masses. The reason is that
atmospheric stability of the planetary boundary layer is
strongest in December, and that many local sources of methane
exist near the surface in urban area of Japan.

Methane concentration in remote world has shown a seasonal
cycle with a summer minimum and a maximum from autumn to winter
[1], and which is supposed to be mainly controlled by the
reaction of methane with OH radical.

Summer maximum

The methane concentration at Fukui and Matsue located in the
coast of the Sea of Japan, however, has shown a different
seascnal cycle with a summer maximum as shown in Fig. 1. The
summer maximum is attributed to the emission of methane to the
atmosphere from rice paddy fields, because the station Fukui is.
surrounded by paddy fields. The methane flux from rice paddies
to the atmosphere shows a seasonal variation with a summer
maximum in California [10], Spain [11], and Japan [12], located
in the mid-latitude of the northern hemisphere. The highest
concentration was observed in June or July, but in August when
surface temperature reaches maximum the methane concentration was
slightly decreased, because maritime air masses poor in methane
cover all over Japan usually from the latter half of July to
August. The summer maximum has never been observed in remote
stations of the world and will be characteristic of east Asia.

Since Japan has the large area of rice paddy fields mainly
along the coast of the Sea of Japan, the emission rate of methane
from rice paddies is about 20% of the total methane emission in
Japan [3]. The methane concentration at an urban station 50km
apart from the station Fukui, however, shows no summer maximum
but shows a summer minimum as well as the three stations in urban
area. Hence, an area where the methane concentration shows a
summer maximum is not regional.

Methane concentration from autumn to sprlng was slightly
changed at most of the stations located along the coast of the
Sea of Japan, and was significantly different from that in the
three stations. In this period, strong northwestery wind blows
from northeastern Asia across the Sea of Japan to Japan Islands,
and atmospheric stability of the boundary layer in the coastal
area is very weak compared with that in summer and with that in
the Kanto area. As a result, the seasonal variation does not
show a winter maximum even if there are local sources. : '

These analyses reveal that the seasonal variation of methane
concentration in Japan is-attributed to both the meteorological
conditions and sources of methane, in regional and local scale. .
For meteorological conditions, methane concentration is affected
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by the global atmospheric circulation and the atmospheric
stability in the planetary boundary layer. For methane sources,
methane concentration is infulenced by regional sources such as
continent and ocean, and by local or mesoscale sources such as
urban-industrial area and rice paddy fields. Since the
measurement of methane in the world has been performed only in
remote area with no local sources, the measurement of methane in
Japan has made clear the relationship between the sources and the
concentration for the first time.

3.3. Diurnal Variation

Methane concentration in all the seasons was low in the
daytime and high in the nighttime not only in urban-industrial
stations but also in rural stations. This also indicates that
main sources of atmospheric methane exist near the surface,
because methane is almost non-reactive gas in ambient air. The
diurnal variation of methane concentration is caused by that of
the boundary layer, e.g., in the daytime the concnetration is low
due to the increase of mixing height, and in the nighttime it is
higher due to the decrease of mixing height.
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Fig. 2. Spatial distribution of annual mean concentration of
atmospheric methane in the Tokyo metropolitan area.
Numerical value means decimal part of its concentration.
88 means 1.88 ppmv. Only 02, 03 and 10 mean 2.02, 2.03
and 2.10 ppmv, respectively.
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3.4. Spatial Distribution in the Tokyo Metropolitan Area

The annual mean concentration in the Tokyo metropolitan area
was 1.85 ppmv in 1987, and higher than that of 1.80 ppmv in the
surrounding area, as shown in Fig.2. The annual mean
concentration was gradually higher as the monitoring station was
located towards the center of the Tokyo metropolitan area, and
was more than 1.90 ppmv at most of the stations located along the
coast of Tokyo Bay. Maximum concentration was 2.10 ppmv, and
this is supposed to be strongly infulenced by a local source such
as landfills. These demonstrate that the Tokyo metropolitan area
is' a large areal source of atmospheric methane. The urban-
industrial area and the coastal area have many local sources of
anthropogenic origin such as landfills, refuse incinerators,
automobills, deposit in the esturies and canals along the coast.
Annual emission rate in the Tokyo metropolitan area is estimated
from these data to be 10% of the total emission in Japan. 1In
Osaka, the methane concentration in urban-industrial area is also
higher than in rural area. Hence, urban and indusrial area in
the world is supposed to be one of large areal sources of
atmospheric methane.

4. CONCLUSIONS

The data of atmospheric methane measured at stations in the

air pollution monitoring network in Japan since 1980's, was
analyzed for the first time. The conclusions are as follows.
(1) The annual mean concentration of methane in Japan was 1.83
ppmv in 1989, which was slightly higher than the global average
of 1.72 ppmv.
(2) The methane concentration at three monitoring stations
located in the center of urban area of Tokyo, Kyoto, and Sapporo
has increased at a rate of 0.7% per year between 1981 and 1990.
This increasing rate was slightly lower than the value of 0.9%

per year in the global average concentration.

{3) Atmospheric methane measured at urban stations located in the
coastal area of the Pacific Ocean has shown a clear seasoconal
variation with a winter maximum and with a summer minimum. The
winter maximum is caused by the strongest atmospheric stability
of the boundary layer in winter and by existence of many local
sources of methane near the surface in urban-industrial area.
The summer minimum is attributed to arrivals of maritime tropical
air masses poor in methane to Japan Islands from the south in
summer. ' ' _ : ‘

(4) At monitoring stations surrounded by rice paddy fields, the
methane concentrarion has shown a summer maximum due to large
methane emissions from rice paddies to the atmosphere.

(5) Methane concentration in all the seasons was low in the
daytime and high in the nighttime, not only in urban area but
also in rural area.

(6) Monitoring data demonstrated that the Tokyo metropolitan area
is a large areal source of atmospheric methane and its emission
rate is estimated to be 10% of the total emission of methane in
Japan.
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Table 1.2 Estimated Sources and Sinks of Methane IP(" C, rp 20 J

—
-

Annual Release (Tg CHy) Range (Tg CH4)

Source

Natural Wetlands (bogs, swamps, tundra, etc) - 115 100 - 200
Rice Paddies ) 110 25-170
Enteric Fermentation (animals) _ 80 ' 65 - 100
Gas Dniling, venting, transmission 45 25- 50
Biomass Burning 40 20- 80
Termites . 40 ‘ 10 - 100
Landfills 40 20- 70
Coal Mining 35 - 19- 50
Oceans 10 5- 20
Freshwaters ' 5 1- 25
CH4 Hydrate Destabilization 5 0-100
Sink :

Removal by soils ' 30 ‘ 15-45

Reaction with OH in the atmosphere 500 - 400 - 600
Atmospheric Increase 44 40 - 48

Soils may represent a removal mechanism for CHq. The  1.3.3.1 Natural wetlands
masnitude of this sink has been estimated (this assessment)  Significant progress has been made in quantifying the



B-2Clarification of the Sources and Emissions
of CH4 and N2Q
(FY 1990 - 1992)

{. Ministry of Health and Welfare
The Institute of Public Health: M. Tanaka, M. Miyvazaki, I. Watanabe

2. dJapan Environment Agency
The National Institute for Environmental Studies: H. Bandow, S. Sakamaki,
Y. Yokduchi. Y. Nojiri, N Takamura
A. Otsuki, S. Hashimoto, N. Yoshida

¢ . Ministry of Agriculture. Forestry and Fisheries

National institute of Agro-Environmental Sciences: H. Tsuruta, K. Kanda.

K. Yayi, I. Nouchi, T. Hosono, N. Owa
4 National Institute of Animal Industry: M. Shibata, F. Terada, M. Kurihara,
T. Nishida

& National Grassland Research Institute: K. Yamamoto, T. Kimura, T. Shibuya

4 Winistry of International Trade and Industry
National Research Institute for Pollution and Resources: K. Kitabayashi,
M. Hayashi, N. Kido, H. Moritomi,
Y. Suzuki, T. lsel, K. Mizuno

7. Ministry of Construction

Public Works Research Institute: T. Kyosai, M. Mizuochi

Project Leader: K. Minami
Ministry of Agriculture, Forestry and Fisheries

National Institute of Agro-Enviroiimental Sciences

Nearly more than ten vyears have passed since the first evidence for an
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Methane Emission from Paddy Fields in the
Central Plain of Thailand

The concentration of atmospheric methane (CH,) has been
increasing at a rate of about 1% per year. Methane is one of the
greenhouse gases; as well as CO,, N»Q, and CFCs, which absorb
the infrared radiation from the earth’s surface, causing a possible
elevation of the global temperature.

Although the leading cause of the rapid increase in atmos-
pheric CH, has not yet been identified, it is generally considered
that paddy fields may be an important source of atmospheric
CH, among a wide variety of sources, taking into account the
recent increase in the harvest area in the world. There is, howev-
¢r, a substantial lack of field data for CH; emission from paddy
fields in tropical countries where about 70% of the world paddy
area is located.

Against this background, we have conducted field measure-
ments of CH, flux from paddy fields to the atmosphere in the
central plain of Thailand. During the dry season in 1991, we
performed the first series of measurements at the Rice Experi-
ment Stations of Khiong Luang and Suphan Buri once a month
at cach site by using a closed chamber method. These two sites
are located in the alluvial lowlands of the Chao Phraya river. The
soil in Khlong Luang is an acid sulfate soil characterized by a low
pH and high concentration of sulfate.

Methane flux from paddy fields in the central plain of Thai-
land showed marked seasonal variations. The lux increased with
the growih of rice plants and the decrease in the redox potential
of soil. The average and the maximum values of the fux at
Khlong Luang were 3.8 and 9.4 mg CHym? hr, respectively.
These values were significantly lower than those at Suphan Buri,
19.5 and 46.6 mg CHy/m>hr. The CH, emission rates at these two
sites were in the range of the values recorded in the temperate
zone such as in California, southern Europe, and Japan, in spite
of the relatively high soil temperature in the paddy. fields of
Thailand. It was assumed that the low contents of readily decom-
posable organic matter in the paddy soils were the major factor
limiting the CH, flux from the Thai paddy fields. In addition, the
low methanogenic activities in the acid sulfate soils led to a
significant decrease of CH, flux from the paddy field in Khlong

Field measurement of methane flux from paddy -
field by closed chamber method

Luang. Total emission rates during one cultivation period were
estimated to be 8 and 42 gCHy/m” at Khlong Luang and Suphan
Buri, respectively.

Current estimates of CH; emission rates from paddy fieldds
in the tropical region have been made by a simple correction of
the soil temperature based on the field data of the temperate
region, without considering the poor quality and quantity of
organic matter in the tropical. soils. Our results, therefore,
strongly suggest that the emission rates of CH, from paddy fields
in the tropics have been overestimated, and that we need more
precise and extensive studies in various areas of the tropical
countries.

(K. Yagil, P. Chairof?, H. Tsurute!, W. CholitkuF, and K.
Minami' ('NIAES, Japan and DOA, Thailund))
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