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G1a-2 GOSAT

Wetland classification of West Siberia based on Landsat and its application for 
methane emission inventory in taiga zone

S. Maksyutov

Quantification of the wetland methane emissions is complicated by large heterogeneity of the methane 

emission rates and wetland landscapes. Wetland mapping is important component for assessing the global 

methane emissions. West Siberia wetlands are the biggest wetland area in Eurasia, are situated in the high 

latitudes experiencing enhanced rate of climate change. A number of wetland, vegetation and peat maps of 

the West Siberia were developed in 1970s, but those are not easily applicable for methane emission 

mapping due to use of the generalized classifications which do not reflect heterogeneity of the landscapes 

at scales of less than 100 m. In this study, we developed a new wetland typology map based on Landsat 

imagery and applied it to scaling up the CH4 fluxes measured by a static chamber method (Glagolev et al., 

2011). Taking into account relative abundance of different mire types a classification scheme oriented on 

methane emission estimates was developed. It is based on earlier classifications and consists of the 

simplest mire units or microlandscapes as the oligotrophic hollows, waterlogged hollows, forested bogs 

and ridges, fens (including poor fens and swamps) and wetland lakes. Taiga zone of West Siberia was 

chosen as a primary target for the land cover classification since its large wetland area. 68 Landsat scenes 

were classified. Totally, wetland area was estimated at 55.7 Mha that is slightly higher as compared to the 

earlier estimate of 51.5 Mha (Romanova’s et al., 1977). Methane emission rates vary strongly among the 

microlandscapes. While the highest amounts are emitted by waterlogged hollows followed by fens, the 

lowest rates are emitted by relatively «dry» landcover units such as forested bogs and ridges. According to 

our estimates they account for only 3% of the regional flux despite occupying almost 40% of the total 

wetland area. The oligotrophic and waterlogged hollows as parts of patterned bogs cover more than quarter 

of the mire territory accounting for almost half of the total CH4 emission. Lakes are widespread over taiga 

mire systems occupying 16% of the territory and contributing 15% of CH4 flux to the atmosphere. The rest 

of the territory is mainly occupied by fens, poor fens and swamps (13%) contributing 33% of the total CH4 
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flux. Applying the new map resulted in total methane emissions from taiga zone of 3.53 TgC•yr-1 which is 

87% higher than the former estimates by Glagolev et al. (2011). This considerable revision is caused by the 

changes in fractional coverages of methane emitting landscapes.

Glagolev M, Kleptsova I, Filippov I, Maksyutov S, Machida T. 2011. Regional methane emission from 
West Siberia mire landscapes. ERL 6 045214. doi: 10.1088/1748-9326/6/4/045214 

Romanova EA, Bybina RT , Golitsyna EF , Ivanova GM , Usova LI, Trushnikova LG. 1977. Wetland 
typology map of West Siberian lowland scale 1:2500 000 GUGK: Leningrad, Russia
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Wetland classification of West Siberia based on Landsat and its application for 
methane emission inventory in taiga zone

Maksyutov1, Kleptsova2, Glagolev2,3, Kim1, Lapshina2

1 National Institute for Environmental Studies, Tsukuba, Japan
2 Yugorsky State University, Khanty-Mansyisk, Russia;
3 Moscow State University, Moscow, Russia

1. Introduction
A number of wetland maps are available for west Siberian wetlands. The map by Romanova et al. (1977) 

appears to be most detailed among them. However the original version is not directly applicable for methane 

emission inventory. The area fractions of wetland microlandscapes or basic wetland units with different methane 

emission rates are necessary for total flux calculations, while the map by Romanova et al. (1977) includes only 

wetland type mixtures composed of several microlandscape types without the information on its fractional 

coverage. Peregon et al. (2009) complemented the map by estimating the fractional coverage using high-

resolution images for five test areas of a Landsat image size. However, field survey data revealed this approach is

not accurate enough and cannot substitute direct classification of West Siberia mires using Landsat imagery. 

Thus the main goals of this study were: (1) to develop a new wetland map based on Landsat imagery; (2) 

and to apply it for estimating the total CH4 emission from the case study of middle taiga zone.

2.1 Materials

As a starting point for the land cover classification it was compulsory to develop a proper classification 

scheme relevant to target purpose that is to improve methane emission estimations. It is necessary to have

knowledge about wetland type distribution at the study area. To accomplish the goal we carried out large-scale 

field observations during 2007–11 summer–autumn periods that included both methane fluxes measurements and 

studies of the representative mire landscapes within a series of key sites in middle taiga zone (Glagolev et al.,

2011). 

Middle taiga zone was chosen as a case study since it has the largest area extent of mires and is the most

paludified zone in West Siberia. It belongs to raised patterned ridge-hollow landscape mire zone.  Several types 

of ridge-hollow complexes prevail at this area and commonly occupy watersheds. They seat upon a peat layer of 

several meters deep which is composed by sphagnum peat with small addition of other plants. Since these 

wetlands are growing on surface, a relief composed of well-developed central plateau with gentle slopes is formed. 

Central plateau depressions with stagnant water usually include groups of secondary lakes. Dryer complexes 
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consisting of narrow ridges and vast hollows instead of lakes occupy better drained gentle slopes. The most 

drained sites are dominated by dwarf pines with shrubs and sphagnum mosses (“ryam”). Finally, poor fens and 

fens are developed along the wetland edges and characterized by low lateral water flow and relatively high 

nutrient availability (Kats and Neishtadt, 1963).

Relying on abundance of different mire types in middle taiga the following classification scheme was

developed. It consists of simplest peat land units or microlandscapes and is based on the classification by Peregon 

et al. (2009): 

Oligotrophic hollows: depressed parts of ridge-hollow, palsa complexes and open bogs; 

Waterlogged hollows: depressed parts of ridge-hollow, palsa complexes and patterned fens with 

high water table level;

Ryams: pine-dwarf shrubs-sphagnum communities; 

Ridges: elevated parts of ridge-hollow complexes and patterned fens; vegetation cover similar with 

ryams; 

Fens: minerotrophic fens, poor fens and wooded swamps; 

Lakes: primary and secondary lakes and rivers.

Microlandscapes are characterized by similar vegetation, water and nutrient conditions. Since these are the 

main controlling methane emission factors, microlandscapes emit methane with the similar intensity, too. This 

classification is applicable for the quantification and spatial extrapolation of any peat ecosystem characteristics

including methane emissions.

Since the majority of microlandscapes except ryams and large lakes can be recognized only using satellite 

images of higher resolution than Landsat, we developed another classification scheme suitable for Landsat image 

processing. This classification includes wetland complexes widely spread at West Siberian middle taiga and is 

based on studies by Lapshina, (2003), Filippov and Lapshina, (2008).

2.2 Methods
Land cover classification

To map of West Siberian wetlands we used Landsat-5 and Landsat-7 images. Since the vegetation of West 

Siberian plane includes various types of forests, meadow, burnings, agricultural fields and others, so for 

prevention of misclassification, wetland environments were distinguished from other landscapes using Green-Red 

(GRVI) and Normalized Difference (NDVI) vegetation indices (Motohka et al., 2010). Wetlands were 

predominantly distinguished using GRVI, while NDVI were firstly used to make lake mask. Mask noises were 

filtered in MatLab v. 7.11 (The MathWorks, Inc.; USA) using generalization algorithm.

Supervised classification of masked image was carried out in MultiSpec using 4 5 and 3 spectral bands. 

Different mire types were recognized by the relative position within a landscape, shape and its spectral signature. 

As far as possible, different high-resolution images were used for classification and verification. To set test sites 

and validate final map we used ground-truth data including detailed botanical descriptions with photographs of 

each site; pH and electrical conductivity data were also used. Available cartographic materials and another 

published data (Liss et al. 2001, Usova, 2009, Lapshina, 2004) were used for determination of ecosystem types, 
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too. Pixels selected as test sites usually represented small pixel window with a homogeneous land cover type. For 

rare classes (e.g., water), pixel sample points were chosen with many pixels in the window belonging to the same 

class.

More than 50 land cover classes were discriminated during classification and further generalized to several 

wetland types. Classification errors were calculated for test areas. When the error for any wetland type reached 

20% original test areas were modified. Classified image was filtered using generalization algorithms.

Measurements were made by a static chamber method (Glagolev et al., 2011). The total methane emission 

was estimated by multiplying the average emission rates of the mire micro-landscape types with the fractional 

area coverage of each ecosystem types, and the periods of methane emission in each zone. Bc8 emission inventory 

(Glagolev et al., 2011) was used for estimating total methane flux. 

3. Results and discussion
Using the described approach, the map of West Siberia middle taiga mire landscapes was developed (Fig. 

1). Total mire area appeared to be 20.2 Mha which is similar to the estimation of 19.5 Mha (Peregon et al., 2009). 

Generally, wetland contours accurately match the same one from (Sheng et al., 2004). 

It is generally known that the methane emission rates vary strongly among the individual land cover classes. 

While the highest amounts are emitted by waterlogged hollows, followed by fens and poor fens, the lowest rates 

are emitted by the classes with dry substrate characteristics as ryams and ridges (Table 1). Thereby despite the 

huge areas of these landscapes they contribute annually only 0.04 MtC or 4% of the regional flux. At present time 

methane emission from ryams and ridges are well known (Kleptsova et al., 2010; Glagolev et al., 2011) and since 

these mires are not important at the regional scale, their further investigations are not urgent.

Figure 1. Map of West Siberia middle taiga mire landscapes.
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Comparison of wetland area fractions calculated using new map and a map by Romanova et al. (1977) with 

fractional coverages by Peregon et al. (2009)  and its application for CH4 emission estimation are shown in Table 

1. In this study we obtained 94% higher methane emissions from the middle taiga zone. Such considerable 

estimation revision is directly related to the variations in relative area fractions of strongly and weakly emitting 

landscapes. According to estimates by Peregon et al. (2009) ryams and ridges are fully dominating in the middle 

taiga zone accounting for 75.8% of the mire area. Current study suggests that ryam and ridge areas are 

considerably lower; these landscapes presently cover 50.7% of the mire area. Moreover, the ridge area didn’t 

change while the ryam area decreased from 54% to 26%. Instead of it, fen and poor fen areas were increased in an 

order of magnitude contributing an additional 0.33 MtC/yr to the regional flux. Compared to approach by 

Romanova et al. (1977), the Landsat satellite imagery classification provides more efficient methodology. It 

makes possible to designate even small areas of few pixel size (about 50-100 m) including fens and swamps. 

Landsat imagery also provides a possibility to calculate vegetation indices and use them for distinguishing of high 

and low productivity environments which provides more accurate assessment of its fractional area. Such approach 

enlarges fen area up to 13.9% of total mire area.

Table 1. Comparison of wetland area fractions and its application for estimation of CH4 emission in middle taiga. 

Mire microlandscape CH4 flux, 
mgC/m2/h

Peregon et al., 2009 This study
Area, 
km2 % CH4 flux, 

MtC/yr Area, km2 % CH4 flux, 
MtC/yr

Lakes and rivers 0.49 7319.9 3.8 0.01 23563.7 11.6 0.04
Waterlogged hollows 4.72 4884.7 2.5 0.09 9111.0 4.5 0.17
Oligotrophic hollows 2.76 33540.2 17.2 0.36 38675.3 19.1 0.42

Ridges 0.13 42327.4 21.7 0.02 49693.0 24.6 0.03
Ryams 0.03 105458.9 54.1 0.01 52912.4 26.1 0.01

Poor fens, fens and swamps 3.22 1468.8 0.8 0.02 28093.4 13.9 0.35
Total 195000.0 100.0 0.52 202356.8 100.0 1.01

The results of this study suggest that it is highly possible that the total methane emission from West Siberia 

mires of 2.93 TgC·yr-1 (Glagolev et al., 2011) which was based on (Romanova et al. 1977; Peregon et al, 2009) 

was underestimated and will increase after applying the new map. According to that estimate West Siberian mires

contribute only 2.4% of the global CH4 emission from mires; it seems to be too small comparing with the wetland 

area of 13% of the global mire area. We expect the increasing of the regional methane emission up with the 

applying of new classification. So it will contribute to decreasing discrepancy between different estimates.

Applying the new map resulted in total methane emissions from taiga zone of 3.53 TgC•yr-1 which is 87% higher 

than the former estimates by Glagolev et al. (2011). This considerable revision is caused by the changes in 

fractional coverages of methane emitting landscapes.
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The Spring Flood information of Lena River System seen through the newspaper "Iakutiia" (2005-2009) 

Hiroki Takakura (Center for Northeast Asian Studies, Tohoku University) 

The purpose of this paper is to present and clarify the information related to the spring flooding of Lena 
River System seen through the local newspaper “Iakutiia” from 2005-2009. The author describe the 
characteristics of the information available from the newspaper, outlines each year spring flood, and 
documents the information of ice drift movement and the overflowing and flooding disaster. 
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