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Abstract: Methane is a significant greenhouse gas and the change of its concentration 

in atmosphere has an important effect on global climate. In order to ascertain the 

methane emission from tundra wetlands on permafrost area, the methane fluxes in the 

vicinity of Tiksi, eastern Siberia were measured in July, 1992. This study confirmed 

that methane gas is released from tundra wetlands in eastern Siberia. The values of 

fluxes were from 0 to 30.7 [mg CH. m- 2 day-I] 
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1. Introduction 

Methane is a significant greenhouse gas. The methane concentration in the atmosphere 

has been rising for the past three centuries from about 0.7 to 1.7 ppmv (parts per million 
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by volume), although the global rate of methane accumulation actually decreased between 

1983 and 19901). Although the total methane flux is fairly well established, the contribu­

tion of the individual sources is far less certain. It is necessary to estimate the methane 

emission from each source in order to understand the global methane budget. 

Tundra wetlands on permafrost areas are one of the most important sources of 

methane. Tundra wetlands are widely distributed in the arctic region (8.8 x 10 12 m2
) and 

store large amounts of organic carbon as peat soiFl. If the thickness of the active layer, 

which is denoted as the seasonal melting layer on a permafrost surface, will increase under 

a future warming, the production and emission of methane will probably increase as a 

result of the melting and decaying of the frozen soil. It is therefore important to investi­

gate the methane flux from tundra wetlands and understand the mechanisms of its 

production in the ground and transportation to atmosphere. Recently, the methane fluxes 

from natural wetlands have been measured in high latitude regions of the northern 

hemisphere, mainly in North America3
-

7l. However, there are few reports related to the 

methane emission in Siberian permafrost area. In this study, the methane flux, air and 

ground temperatures, and ground water level were measured in tundra wetlands near 

Tiksi, eastern Siberia in July, 1992. In this paper, we report the results of our measure­

ments and evaluate the value of methane flux. 

2. Study site and method of measurement 

The measurements were carried out on the Bykovsky Peninsula (71"46'N, 129"30'£) 

from 19 to 23 July,1992 and Kalakhari Island (72"02'N, 128'45'£) on 29 July,1992 in the 

vicinity of Tiksi, Sakha Republic, Russia (Fig. 1). These sites are located at the mouth of 

the Lena river. Mean annual air temperature is -14'C and annual precipitation is 240mm 

at Tiksi8l. The region is continuously underlain by pennafrost, the thickness of which has 

been estimated to be about 650m at Tiksi9l. 

On the Bykovsky Peninsula, an ice complex of 40m thick is exposed on some parts of 

shoreline and ice-wedge polygons exist in alas. The term "alas" denotes a flat-floored 

depression formed by local melting of permafrost. The observations were performed in 

two locations; one was on the terrace of the ice complex (A) and the other was in an alas 

with ice-wedge polygons (B,C,D). The thawed layer on the terrace was about 15cm deep 

and the surface was moist, but not submerged under the water level. Conversely, the 

sediment near the surface in the alas was wet and the maximum thawed depth during the 

observational period was 40cm. 

Kalakhari Island has a very flat surface (about 4m a.s.l.) composed of a Holocene peat 

layer. Ice-wedge polygons with an average diameter of about 15m are well developed. 
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Fig.1 Locations of study sites 

The methane fluxes were measured at the border (E) and center (F) of an ice·wedge. 
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On both the Bykovsky Peninsula and Kalakhari Island, the ice·wedge polygons are 

low·centered polygons. While its center is wet and covered with sedge, the border is 

relatively dry and covered with moss and small shrub (Fig.2). Thus ice-wedge polygons 

look like paddy fields and they form the landscape of typical tundra wetlands. A brief 

qualitative description of each site is given in Table l. 

The chamber technique, which is a common method for measuring the flux of atmo­

spheric trace gas from soil to air, was employed for this research (Fig.3). An open 

bottomed aluminum chamber (dimensions 30 x 30 x 60 em) was inserted into the surface soil. 

Air in the chamber was removed by an air pump and stored in a sampling bag. Sampling 

at each site was conducted four times every 10 min over a 30 min period. The volume of 

each air sample was 500 ml. These samples were taken back to Japan and analyzed in the 

laboratory by gas chromatograph with a flame ionization detector. Methane fluxes were 

calculated from the gradient of the concentration change over time. 

Meteorological observations (air temperature, ground temperature profile, wind veloc­

ity and direction, and insolation) were made automatically on the terrace of the Bykovsky 

Peninsula from 18 to 25 July, and at Kalakhari Island from 25 to 29 July. 



66 T. NAKAYAMA et al. 

Border Center 

15m 

Border 

~I 

Groundwater 
level 

Ice-wedge 

Fig.2 Scheme of a profile of an ice-wedge polygon 

Aluminum 
chamber 

Thermometer 

Vent port 

Fig.3 Chamber technique for the mea­
surement of methane flux 
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Table 1 Description of field sites 

Site Condition and Vegetation 

A Bykovsky Peninsula. The terrace of the ice complex 
was covered with moss and very small shrubs 

B Bykovsky Peninsula. The center part of ice-wedge 
polygon in the alas was wet and covered with sedge 

C Bykovsky Peninsula. The border part of the ice-wedge 
polygon in the alas was covered with moss and small 
shrubs 

D Bykovsky Peninsula. Similar to site B 
E Kalakhari Island. Similar to site C 
F Kalakhari Island. Similar to site B 

3. Results and discussion 

The results of the methane flux measurements and the ground temperature profiles at 

the time of air-sampling are shown in Table 2 and Fig.4. The methane emission was 

obtained at all the sites that were wet and covered with sedge (B,D,F) and only one of the 

three sites that were moist and covered with moss (C). The average values of flux at the 

sedge sites and the moss sites are 22.3 (12.2 - 30.7) and 8.6 (0 - 25.9) [mg CH. m-2 day-l] , 

respectively. It was confirmed that methane gas was released from tundra wetland in 

eastern Siberia, especially from those sites covered with sedge. 

In Alaskan permafrost regions, similar measurements were conducted previously. 

Sebacher et al.(1986)') obtained the value of 119 (34 - 266) [mg CH. m- 2 day-l] as flux 

from the North Slope coastal tundra near Prudhoe Bay (700 30'N) in August 1984. Whalen 

and Reeburgh (1990)7) made methane flux measurements during the summer of 1987 at 

10km intervals from Prudhoe Bay to the Arctic Circle (66°33'N). The mean methane flux 

from arctic tundra was 52 (33 - 82) [mg CH. m-2 day-l]. The results of our study are 

comparable with these values. On the contrary, methane fluxes from mid-latitude wet­

lands during summer were reported to be on the order of 102 - 103 [mg CH4 m-2 day-I] 10-12). 

The flux values of tundra wetland are significantly smaller than those of mid-latitude 

wetland. However, total methane emission from tundra region can not be negligible, since 

tundra wetlands are widely distributed in the arctic permafrost area. 

The methane flux is determined by various factors, for example, ground temperature, 

soil moisture, substrate quality and quantity, pH, and transport processesI3). The air 

temperature, ground temperatures at the surface and a depth of 10 em, groundwater level 
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Table 2 Results of the methane flux and other factors 

Site A B C D E 

Date 92.7.19 92.7.20 92.7.20 92'.7.23 92.7.29 

Time 16:15 12:03 ·14:23 11:27 

Methane flux (mg/m2/d) - 30.7 25.9 24.0 

Air temp. (" C) 12.8 19.8 10.3 10.6 

Surface temp. (" C) 13.2 16.5 9.6 7.7 

10cm ground temp. (" C) 2.6 5.2 5.6 6.2 

Groundwater 1evel(cm) - 5.0 - 2.0 

Thawing depth(cm) 14.0 27.0 16.5 40.0 

The average of the 24 hours before measurement (* ) 

Air temp. (" C) 5.3 13.2 13.2 6.5 

Surface temp. (" C) 4.8 9.7 9.7 8.4 

10cm ground temp. (" C) 3.0 6.8 6.8 4.7 

(*) at the point of meteorological observation 
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Fig.4 Ground temperature profiles at the 
time of methane flux measurement 
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and thawed depth at the time of air-sampling, and 24-hour mean temperatures before the 

air sampling are listed in Table 2. The ground temperatures of the lOcm depth at four 

sites where the methane emission was obtained (B,C,D,F) were higher than 5°C, while those 

at two other sites where no methane emission was obtained (A,E) were lower than 2.6°C and 

groundwater was not observed. On the three sedge sites (B,D,F), the higher the 24-hour 

mean air and ground temperatures are, the greater is the amount of methane released. In 

general, more methane is released from soil with a high temperature I I) and high moistureI3). 

Our results are in agreement with this statement. 

It is predicted that future warming will be greater in the arctic region than in the 

temperate and tropical regionsI4). An increase of ground temperature and active layer 

thickness on permafrost with such climatic warming will likely cause an increase in 

methane emission. It is therefore essential to measure the methane flux and the factors 

such as ground temperature and soil moisture in tundra wetlands for a long time period and 

establish the relationships between the methane flux and the contributing factors. 

4. Conclusion 

In this study, it was first confirmed that methane gas was released from tundra 

wetlands in eastern Siberia. The values of fluxes were from 0 to 30.7 [mg CH4 m-2 

day-I]. This result is comparable with the methane flux values which were observed in 

Alaskan tundra wetlands. It is indicated that the methane flux is related to the ground 

temperature at a depth of IOcm at the time of air-sampling, the presence of groundwater, 

and the 24-hour mean air and ground temperatures before sampling. 
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