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ABSTRACT: Siberian wetlands, the largest on earth, are an important component in
biosphere-atmosphere exchange processes related to global warming. Indeed recent
studies point out the fact these ecosystems act as a carbon sink but also as a significant
methane source. They are therefore an important source of radiative forcing. Accurate
and high resolution mapping of their extent and composition is therefore called for to
improve estimates of greenhouse gases exchange. To the purpose, a large scale mapping
exercise was set up based on the availability of high resolution L-band SAR data
with extensive coverage of the Siberian wetlands. The data source is afforded by the Global
Boreal Forest Mapping Project, an initiative of the Japan Aerospace Exploration Agency
(JAXA), and is based on JERS-1 data acquired in years 1997–8. The mosaic is a promising
source of thematic information due towell-known radar backscatter characteristics, such as
sensitivity to moisture content and surface roughness, independence on weather conditions
and sensitivity to vegetation biomass, and time-independence of the acquisition geometry.
The mosaic features good relative radiometric calibration, due to a number of radiometric
corrections, and therefore it is suitable for automatic classification. Themarches and bogs in
theSiberianwetlands are not a pure radiometric class in termsof radar backscatter.Therefore
the use of additional data is called for to resolve ambiguities in the classification. In
particular, digital elevation data and the low resolutionGLC2000 land covermap are used to
the purpose. Digital elevation models (NASA SRTM and USGS GTOPO30) provide
layers with terrain slope, convexity and incidence angle information. Maximum
likelihood classification has been used as a first step in a hierarchical approach. A
classification scheme with six classes was adopted: water bodies, shallow water,
wetlands, low vegetation, forest, high biomass forest. In a second step some pixels were
reassigned according to pre-defined rules, taking advantage of the co-registered DEM.
The resulting crisp classification map delineates areas of wetlands at 100m pixel spacing
for most part of Siberia.

1 INTRODUCTION

While wetlands of West Siberian Lowland have been mapped at high resolution for the
purpose of carbon cycle studies [16] the vast area of Central and Eastern Siberia have
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been neglected so far. The data set produced in the framework of the GBFM project
gave unique opportunity to carry out a mapping of almost all area of Siberia using a
single homogeneous remote sensing data set. The areas of wetlands form characteristic
patterns of low backscatter in the L-band mosaic with only little seasonal variation.
In contrast, for optical data, spectral variation throughout the season is high. The
terrain features were used to improve the performance of the maximum likelihood
(MLC) classifier exploiting the fact that wetlands have distinct properties with respect
to terrain features like slope, convexity and height over the local base level. To be able
to analyze the radar mosaic together with DEM the problem of mutual miss-
registration had to be solved. The SAR mosaic was classified using the MLC classifier
and then some areas were reassigned using decision rules for terrain features.

2 INTEGRATION OF GBFM MOSAIC AND DEM

Taking into account the relevant size of both the SAR andDEMdata sets, a method based
on automatic feature matching in Fourier domain was used. The SRTM DEM up to 60
degrees of latitude and GTOPO30 DEM for the higher latitudes were matched with the
GBFM mosaic exploiting a simulation image (Kropacek & De Grandi 2006). The
simulation image that contains all characteristic radar artifacts was constructed using
local incidence angle calculation. The average density of control points for matchingwas
1400 points per 100 km2. The accuracy of co-registration achieved the level where the
correction for effect of topography was possible.

3 TERRAIN FEATURES

The areas that can support wetlands have certain properties with respect to relief. It’s very
easy to delineate such areas by visual inspection. The key issue for an automatic
processing is drawing up a method that would give good results in different types of
landscapes and that would be feasible for large datasets. The method presented here is
based on the choice of suitable topographic characteristics derived from the 3D function
provided by the DEM and on the definition of rigorous rules that select areas that have
predisposition to supportwetlands.Application of these rules on availableDEMresults in
a binary mask.
The rules used in the second step of classification exploit the following terrain features:

slope, convexity and height over the local base level. The areas of slope exceeding 6�
were excluded. This rule is based on fact that only flat or gently tilted relief allows peat
accumulation and presence of stagnant water. Another obvious assumption is that
development ofwetland and peat accumulation can occur only in basins or flatlands rather
than ondome structures and ridges. The layer of convexitywas derived from theDEMand
convex shapes were excluded.
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4 HEIGHT OVER THE LOCAL BASE LEVEL

The rules based on slope and convexity are not sufficient to exclude all the areaswhere the
presence ofwetlands is not likely. For instancemany flat hills don’t get excluded thisway.
Therefore another rule had to be found to improve reliability of the mask. Generally
speaking wetlands can be found in lowlands but to set a fixed threshold of altitude for all
area of Siberia would not work well. There are some flatlands and basins that have rather
high absolute elevation and still contain wetlands. Therefore a method that would
delineate flatlands bottoms of valleys and basins irrespective of their absolute altitudewas
developed.
The method reduces absolute altitude by subtracting the local minimum. A moving

kernel of circular shape with pixel by pixel shift was used. The minimum altitude in the
window was found and the value that corresponds to the difference of the central value
and the local minimum was assigned to the central pixel. This way all flatlands, bottoms
of valleys and basins got assigned low values. The resulting layer represents height over
the local minimum level. This minimum level corresponds loosely to base level in
geomorphologic sense. The areas with a low height over the base level have slow runoff
and correspond to sedimentary basins, flood plains and flatlands. They represent areas
suitable for development of wetlands. The diameter of the circular window was chosen
empirically. The diameter was set to 1 km. With increasing diameter only major valleys
get low values of height over the minimum and the small valleys get omitted in the final
mask. The threshold of 300m over the local minimumwas used to producemask of areas
that can contain wetlands.

5 WETLANDS IN TUNDRA ZONE

The performance of the classification appeared to be very low in areas belonging to the
tundra zone. The contrast between wetlands and surrounding low tundra vegetation is
much lower than in forested areas. The problem is compounded by the lack of reliable
ground data (Sheng et al. 2004). Moreover it is also very difficult to distinguish tundra
wetlands in the reference Landsat data. Therefore the tundra zonewas excluded from the
resulting classification.

6 CONFUSION BETWEEN WETLANDS AND AGRICULTURE

Extensive areas of agriculture and steppe are present in the South of Siberia. A mask
extracted fromGLC2000map was used to distinguish between wetlands and these areas.
Themaskwasmanually edited to avoid problems related to the lower resolution (1 km) of
the GLC 2000map.
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7 VALIDATION APPROACH

Tocollect reliable and homogeneous ground information for validation of a regional scale
classification of such an extent is not a trivial problem. To get a collection of ground
observations that would be regularly distributed over all area of Siberia would be
extremely demanding. The mapping projects that have been carried out in the area of
Siberia in the past used different validation approaches. Validation of the Forest Cover
map created in the framework of the Siberia project (Schmullius et al. 2004)was based on
data sets from recent forest inventories, air photographs and remote sensing data from
other satellites. The peatlands inWest SiberianLowland havebeenmapped for purpose of
carbon inventory by (Sheng et al. 2004). The resulting high-resolutionGIS layer which is
a compilation of existing Russian maps and satellite imagery was validated using two
RESURS-01 images. The imageswere classified usingMLCand comparedwith resulting
binary peatland, non-peatland classification.

7.1 Qualitative validation

For the purpose of qualitative validation, thirty randomly selected Landsat scenes were
selected. The random selectionwas limited only to areaswith certain density ofwetlands.
The rough scale map of wetland ecosystems CD ROM Land Resources of Russia
(Stolbovoi & McCallum 2002) was used for this selection. All the Landsat scenes were
segmented and than the polygons of wetlands were manually labeled. Visual comparison
of the classification result and themasks ofwetlands fromLandsat sceneswas carried out.

7.2 Quantitative validation

Since classical collection of test areas and their inspection in field had to be ruled out, the
validation of the map was based on comparison with another remotely sensed data and
available maps. In order to evaluate accuracy of the map globally the random sampling
strategy of all themosaic has been developed. To avoid the problem of spatial miss-match
between single pixels of the result and of the reference datasets the samples were
constructed as squares windows of a few pixels. Positions of the samples have been
determined using a random number generator.

7.3 Check for commission error

The randomly generated samples were checked in the classification map. If they
containedmore than 50%of class wetland the borderline of the squarewindowwas saved
as vector file. The squares with less than 50% of class wetland were discarded. The saved
vector files were then converted into KML format for visualization in the Google Earth
software. The samples were zoomed and visually interpreted one by one based on typical
patterns and spectral properties (however it is to be noted that the spectral properties of
wetlands are rather variable as an effect of seasonality). Topographic maps were used to
support interpretation of the optical imagery on Google Earth. The available maps were
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mostly of scale 1:1 000,000 and they cover several regions in the southern part of Siberia.
They were useful to understand the appearance of the wetlands on the optical imagery.
The samples that represented area with more than 50% wetlands were counted as

correctly classified. Those samples that were covered by less than 50% by wetlands were
counted as miss-classified. The samples were excluded from the evaluation in cases
where visual interpretation of imagery in Google Earth was not sure. The samples
obscured with clouds in optical imagery were excluded as well. The estimation of
omission error would demand visual check of all randomly generated samples not only of
those that represent wetlands in the classification. This work is in progress at present.

7.4 Division of Siberia into zones for separate validation

Thewetlands are not distributed uniformly. There is very high concentration of wetlands
in the Western Siberian Lowland whereas in Central and Eastern Siberia the occurrence
ofwetlands is rather scarce. The two areaswere validated separately. The areawhere only
GTOPO30 was used for both terrain corrections and terrain feature extraction where
also validated separately. Therefore at the end four areas were delineated as shown on
Figure 1. The quantitative validation has been carried out separately for all four zones.

8 RESULTS

A map of wetlands that covers a large area in Siberia on spatial resolution of 100m was
compiled. Themapwas created based on automatic classification of L-band SARmosaic.
Terrain features derived from an accurately co-registered DEM were used to set up
decision rules that were used to limit the class wetlands to favorable areas with respect to

Figure 1. Division of the mosaic into four zones for validation purposes. a – West Siberian

Lowland covered by GTOPO30, b – West Siberian Lowland covered by SRTM, c – Central and

Eastern Siberia covered by GTOPO30, d – Central and Eastern Siberia covered by SRTM.

Comprehensive Siberian wetlands mapping using an integration of regional scale 75



the relief. The same classifier was used for the whole data set that covers areas with
different natural conditions. Thiswas possible thanks to high radiometric homogeneity of
the data set (due to accurate relative calibration) and to the sensitivity of SAR tomoisture
content.

9 CONCLUSIONS

Clearly the assembly of a regional L-bandSARmosaicwould call for acquisitions that are
limited to either summer or winter season. This ideal situation could not be however
realized for the GBFM project, due to technical problems at the end of satellite life time.
The effect of variation ofmeteorological conditions between strip acquisitions also biases
the classification although it seems that the high backscatter classes are more affected.
The presented method is an attempt to solve some ambiguities between low backscatter
classes by using their relation to relief features. For delineation of areas covered by
steppe, agriculture and meadows an external lower resolution data set had to be used
(GLC-2000map). Ongoing validation efforts confirm the potential of this approach in
mapping wetlands on a regional scale.
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