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Abstract. Boreal peatlands play a major role in carbon and1 Introduction

water cycling and other global environmental processes but

understanding this role is constrained by inconsistent repreThe lack of globally consistent mapping of peatlands is a
sentation of peatlands on, or omission from, many globalmajor source of uncertainty in assessing their current role
land cover maps. The comparison of several widely usedn the global carbon and water cycle and projecting their fu-
global and continental-scale databases on peatland distribuure change (Frey and Smith, 2007; Beilman et al., 2008).
tion with a detailed map for the St. Petersburg region of While the importance of peatlands is widely recognized, and
Russia showed significant under-reporting of peatland areahere is a large body of research improving our understanding
or even total omission. Analysis of the spatial agreementof processes and controls on €@nd CH, exchange (e.g.
and disagreement with the detailed regional map indicatedrrolking et al., 2006; Denman et al., 2007), there has been
that the error of comission (overestimation) was significantlylittle progress in reducing uncertainty in the area, distribu-
lower than the error of omission (underestimation) which tion, and carbon stores in peatlands globally. In fact, most
means, that overall, peatlands were correctly classified apublications addressing the potentially critical role of boreal
such in coarse resolution datasets but a large proportion (74peatlands in greenhouse gas emissions continue to reference
99%) was overlooked. The coarse map resolution alongsorham (1991) and his estimate of carbon store in peatlands
caused significant omission of peatlands in the study regionat 180-455 PgC or about 1/3 of the global soil carbon pool
In comparison to categorical maps, continuous field mappinge.g., Smith et al., 2004). A recent assessment revised the
approach utilizing MODIS sensor data showed potential forestimate of the total carbon pool in peatlands to 462 PgC and
a greatly improved representation of peatlands on coarse resheir total area to 344 million ha while pointing out the in-
olution maps. Analysis of spectral signatures of peatlandsadequacy of data for many parts of the world (Bridgham et
with different types of surface vegetation suggested that im-al., 2007), including permafrost regions (Sheng et al., 2004).
proved mapping of boreal peatlands on categorical maps igurthermore, these global estimates are compilations of re-
feasible. The lower reflectance of treeless peatlands in thgional datasets that use different classifications making their
near- and shortwave-infrared parts of the electromagnetigntegration problematic. The development of globally con-
spectrum is consistent with the spectral signature of sphagsistent spatial data on distribution of peatlands is necessary
num mosses. However, when trees are present, the canoggr effective inclusion of peatlands into global biogeochemi-
architecture appears to be more important in defining thecal models.

overall spectral reflectance of peatlands. A research focus Northern peatlands are widely reported to experience the
on developing remote sensing methods for boreal peatlandsffects of climate change leading to changes in hydrology,
is needed for adequate characterization of their global distrivegetation cover, export of dissolved organic carbon, res-
bution. piration and methane production (e.g., Sturm et al., 2001;
McGuire et al., 2002; Pastor et al., 2003; Roulet, 2000). A
strong positive feedback to global warming is expected in bo-
real permafrost peatlands where the evidence of permafrost

Correspondence taD. N. Krankina melting is widely recognized (see review in Anisimov et al.,
BY (olga.krankina@oregonstate.edu) 2007) and associated successional patterns of vegetation are

Published by Copernicus Publications on behalf of the European Geosciences Union.


http://creativecommons.org/licenses/by/3.0/

1810 O. N. Krankina et al.: Mapping peatlands

well established (i.e. lake formation and draining, charactertree canopy, a shrub layer, and a continuous layer of herba-
istic shifts in plant species composition). However, global ceous vegetation with significant presence of mosses. Mod-
assessment of these patterns is lacking. ern classifications of land cover based on physiognomic fea-

Mapping peatlands as a distinct type of land cover is chaltures of surface vegetation tend to focus on dominant life
lenging, which has lead to their omission from many global forms (e.g. Land Cover Classification System (LCCS), Di-
vegetation maps and inconsistent representation on otheiGregorio, 2005) and are not well suited to defining character-
(Frey and Smith, 2007). Peatland is commonly defined asstic assemblages of several life forms. While it is possible
peat-covered terrain with a minimum depth of peat set beto define waterlogged lands within the LCCS, the required
tween 30 and 50 cm by different classifications. Peat acculevel of detail would appear inappropriate for a global map.
mulates on land surface under more or less water-saturatetihe global map based on LCCS classification (GLC2000)
conditions owing to anoxic environment, low decomposabil- uses inundation as a defining feature of wetlands (Bartolome
ity of the plant material, and other causes (Rydin and Jeglumand Belward, 2005), but the contributing continental map for
2006). In the boreal, sub-arctic and arctic zones, low temperNorthern Eurasia includes wetland definitions that are more
ature is a major factor that slows decomposition processeappropriate for boreal peatlands: bogs and marsh, palsa bogs,
and virtually all vegetated wetlands have some peat accumuand riparian vegetation (Bartalev et al., 2003). Considering
lation. Since the direct estimation of peat depth with opti- the global significance of peatlands in carbon and water cy-
cal remote sensing is not possible, the mapping of peatlandsling and in sustaining biodiversity, it may be appropriate to
usually utilizes proxy variables such as hydrological, geo-put greater emphasis on characterisation of peatlands within
morphological or floristic characteristic. the LCCS and global map legends.

Because of the association of peatlands with water- In addition to difficulties in defining peatlands within the
saturated conditions, maps of wetlands are frequently usedhatrix of other land cover types, many peatlands are likely
as a proxi. However, in the boreal zone a significant portionto be omitted from 1-km resolution categorical maps simply
of peatlands does not experience prolonged inundation antdecause of their small size. An approach that could over-
global assessments that are focused on hydrological characeme this limitation of categorical maps is known as continu-
teristics (e.g., Matthews, 1989; Prigent et al., 2007) can beous field modeling; it estimates sub-pixel proportions of land
expected to represent peatlands inadequately. Furthermorepver types from remote sensing data. Continuous field maps
the use of inundation as a proxi variable for mapping peat-hold some advantages as they provide improved spatial detail
lands excludes drained peatlands that represent a large prathen compared to categorical maps that by definition dis-
portion of all peatlands in some regions. Several studies reeretize landscapes. Unlike classifications, continuous cover
port successful mapping of wetlands with a combination ofmaps enable users to define their own thresholds for land-
radar and optical sensors (Li and Chen, 2005; Rosenqvistover classes. Continuous field maps for forest cover have
et al., 2007). The advantage of radar sensors compared toeen developed for different regions in the world and from
multispectral sensors is that they can penetrate cloud covetlifferent sensor types, e.g. AVHRR (DeFries et al., 1997;
and that they are sensitive to variable soil moisture condi-Hame et al., 2001) and MODIS (Hansen et al., 2005). A
tions. However, the lack of surface inundation during mostcontinuous field map of peatland cover was created to cap-
of the growing season and variability of the water table overture the extent and distribution of peatlands in the St. Peters-
seasons and years is an obstacle for radar-based mapping lodirg region of Russia using data from the Moderate Reso-
peatlands in the boreal zone. Many global land-cover mapsution Imaging Spectroradiometer (MODIS) (Pflugmacher et
either emphasize inundation in their classification of wet-al., 2007). Improved representation of wetlands and other
lands (e.g., IGBP, Friedl et al., 2002) or omit them com- ecologically significant classes that occupy relatively small
pletely (e.g., UMD, Hansen et al., 2000). Because of itsarea has been recognized as an important objective for future
global availability the Global Distribution of Wetlands prod- global mapping and validation efforts (Herold et al., 2008).
uct (Matthews and Fung, 1987) is often used to define the Even though peat layer is not visible to optical satellite
occurrence of peatlands in global and circumpolar carborsensors, peatlands within the boreal forest zone are easy
cycling models (e.g., McGuire et al., 2007). Thus the ro-to identify visually on high and medium spatial resolu-
bustness of carbon balance estimates depends substantiatipn imagery such as Landsat TM/ETM+ (30m) or SPOT
on the capacity of this or other global proxi datasets to accuHRV (20 m) because of their distinct vegetation that remains
rately represent the distribution of peatlands (Beilman et al.Jargely untouched by land-use change. Several studies have
2008). mapped peatlands successfully using automated classifica-

Vegetation cover is another proxi variable commonly usedtion algorithms (Markon and Derksen, 1994; Poulin et al.,
for mapping peatlands, especially in the boreal zone wher@002; Oetter et al., 2001; Bronge and Naslund-Landenmark,
peatland conversion to agricultural use is limited at the south2002; McGovern et al., 2000; Baker et al., 2006). A study in
ern fringe and virtually non-existent in permafrost regions western Siberia employed Russian RESURS-01 images with
(Sheng et al., 2004; Beilman et al., 2008). Boreal peat-150 m resolution as independent validation for a historical
lands have a distinct canopy structure that comprises opepeatland inventory map (Sheng et al., 2004). The comparison
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of spectral reflectance profiles of sphagnum moss and conifel 20°E 100°E 120°E
trees showed that sphagnum mosses have a distinct spectr:
signature with lower reflectance in the near-infrared (0.70— X N
1.3um) and short-wave infrared (1.50-2:5) parts of the . " -
electromagnetic spectrum (Vogelman and Moss, 1993; Bu- 70°N
bier et al., 1997). Taking advantage of this distinct signa- <
ture and detailed ground measurements, it has proved pos
sible to map shrub and tree LAI on a peatland using mul-
tiple endmember spectral unmixing of Landsat data (Cohen 50°N
et al., 2003; Sonnentag et al., 2007). The success of map
ping peatlands at the scale of landscapes and small regions i
promising for continental and global scale peatland invento-
ries, however the degree of global relevance of site-specific 10°N
results remains unknown. 30°N
This paper presents the results of a case study that com
pared data on peatland distribution from several widely used
global and continental-scale databases with a detailed lanc
cover map for the St. Petersburg region of Russia (Oetter 20°E 40°E 60°E 80°E
et al., 2001), examined the spectral characteristics of peat- .
lands in comparison with other common vegetation types in9- 1. Study region.
the region using Landsat data and identified approaches for

future improved mapping of boreal peatlands based on re- ] ]
motely sensed data. eutrophic peatlands comprise about 14% and 11%, respec-

tively. In some areas peat is mined for use as fuel or soil
additive. Mining removes the upper layers of peat, leaving

2 Study region bare peat surfaces that are often converted to agricultural or
forested land.

The St. Petersburg region of Russia (Fig. 1) is located on
the East-European Plain which is one of the major peatland
regions of the world. Situated between°shd 62N and 3 Cross-comparison of coarse resolution maps and
between 28 and 36 E, the administrative region occupies datasets
over 100 000 krf, much of that area belongs to the Gulf of
Finland of the Baltic Sea and Lake Ladoga, the largest lakePeatlands mapped on a detailed land-cover map of the St.
in Europe. The influence of these water bodies helps create Retersburg region of Russia (Oetter et al., 2001) provided
maritime climate for the region, with cool wet summers and a basis for comparison with maps that cover broader areas
long cold winters. Mean temperature in July ranges frof 16 at coarser spatial resolution (Table 1). The map was de-
to 18C, and in January itis-7° to —11°C. The landscape is veloped based on imagery from the Landsat series of satel-
typically frozen from November until March, such that much lites. The imagery selection was initially limited to 1992—
of the annual precipitation of 600—800 mm falls as snow. The1995 to match the time of the ground data collection and
terrestrial part of study area occupies about 8 million hectaresvas supplemented with scenes from 1986 and 1987. Over-
of flat terrain that rests on ancient sea sediments covered bgll, 12 separate Landsat Thematic Mapper (TM) images and
a layer of moraine deposits. The natural vegetation belong®ne Multispectral Scanner (MSS) image were acquired to
to the southern taiga. Fifty-three percent of the region is covcreate the map. Geometric rectification was performed by
ered with closed canopy forest, and repeated logging is a m&first selecting a map-registered base image (path 182, row
jor disturbance factor, as is urban expansion and agricultural8 for 19 May 1992) that provided the geographic refer-
change (Krankina et al., 2004). ence to which other images were geometrically corrected.
The dominant peatland type in the region is the “raisedEach of the 14 Landsat images was clipped to the St. Pe-
string bog” (Botch and Masing, 1983). Raised bogs havetersburg region boundary and subjected to multiple itera-
a dome-shaped surface built up of sphagnum peat. In cortions of unsupervised classification, to construct a map with
trast to minerotrophic fens, raised bogs receive all their wateeight land cover classes (Agriculture, Bogs/other peatlands,
and nutrients from the atmosphere (ombrotrophic). There-Built/Urban, Cloud, Forest, Shadow, Shrub/grass, and Wa-
fore, they tend to be acidic and low in nutrient availability. ter). In addition, expert judgment of the raw imagery and
Oligotrophic bogs account for about 75% of the total peata hand-drawn map of wetlands (M. Botch, personal com-
volume in the St. Petersburg region, while transitional peatmunication) was used for visual reference. Bogs and other
from mesotrophic peatlands and low-lying peat from fens orpeatlands that had visual indications of human manipulation

30°N
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Table 1. Assessment of peatland representation on coarse-resolution maps and on Landsat-based LARSE land cover map (Oetter et al., 2001

for the St. Petersburg region of Russia.

Map and reference Spatial Wetland Relevant class labels (% of land area) = Agreement with LARSE land cover map
resolution  area (km(%))

Area  Omission Comission

(km?)  error (%) error (%)
LARSE land cover 28.5m 6810 (9.7) Peatlands, unmined (8.82%) N/A N/A N/A
Oetter et al. (2001) and mined (0.86%)
GLC2000 Northern Eurasia 1km 2863 (4.1) Bogs and Marsh (4.0%), 1529 7 47
Bartalev et al. (2003) Palsa bogs (0.02%),

Riparian vegetation (0.02%)

MODIS IGBP land cover 1km 138 (0.2) Permanent wetlands (0.2%) 39 99 72
Friedl et al. (2002)
BALANS land cover 150m 3113 (4.4) Wetland (4.4%) 1742 74 44
Malmberg (2001)
Global Lakes & Wetland Database = 1km 2307 (3.3) Freshwater Marsh, Floodplain (3.3%) 950 86 59
Lehner and BII (2004) Bog, Fen, Mire (0%);
LARSE peatland cover 1km 7004 (9.8) Peatlands, unmined (8.8%) 4046 41 42

Pflugmacher et al. (2007)

and mined (1.0%)

(draining and peat mining) were manually recoded to a sep-
arate class. The overall accuracy of this map was assessed to
be 88%. The map is available onlin&p://www.fsl.orst.edu/
larse/russia/

Information relevant to understanding the global distribu-
tion of peatlands and wetlands can be obtained from multi-
ple sources and only some of them are suitable for a mean-
ingful comparison with a detailed regional map of peatlands.
For example, Global Distribution of Wetlands (Matthews and
Fung, 1987) is a global data base of wetlands°atekolu-
tion and it has been developed from the integration of three
independent global digital sources: (1) vegetation, (2) soil
properties and (3) fractional inundation in eac¢hcell. The
integration of these data yielded a global distribution of wet-
land sites, but the aggregation té thtitude/longitude was
too coarse for a meaningful comparison because only eight
1° cells fit fully within the territory of our study region. We
selected the following publicly available coarse-resolution
datasets on distribution of peatlands and wetlands for com-
parison with the detailed map of peatlands in the St. Peters-
burg region (Table 1):

— Global Land Cover (GLC) 2000 map for North-
ern Eurasia v. 4 Http://www-tem.jrc.it/glc2000/
ProductGLC2000.htm Bartalev et al., 2003) was
produced using 14 months of pre-processed daily
global data acquired by the VEGETATION instrument
on board the SPOT 4 satellite between 1 November
1999-31 December 2000. The map has 1-km nominal
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resolution and uses a legend based on LCCS (DiGrego-
rio, 2005). Among the mapped vegetation types, three
were relevant to this study: bogs and marsh, palsa bogs,
and riparian vegetation.

MODIS Land Cover IGBP 2001 database (MOD12Q1,
V004) was developed by the Boston University De-
partment of Geography and Center for Remote Sensing
(http://geography.bu.edu/landcovebased on MODIS
satellite data acquired from 1/1/01 to 12/31/01 (Fried|
et al., 2002http://duckwater.bu.edu/lc/mod12ql.hyml
The product has a 1-km nominal spatial resolution, and
was produced using a supervised classification approach
and training sites across the globe. It is available with
five legends, but only the IGBP legend includes a class
that is relevant to defining peatlands — “permanent wet-
lands”.

Global Lakes and Wetlands Database (GLWD, Lehner
and Doll, 2004;http://www.worldwildlife.org/science/
data/item1877.htris a global database compiled from
several existing maps and databases including the
USGS Global Land Cover Characteristics Database
(GLCC.AVHRR, Loveland et al., 2000) described be-
low. Level 3 of this database represents the maximum
extent of wetlands and is intended by its authors to serve
as an estimate of wetland extents for global hydrology
and climatology models, or to identify large-scale wet-
land distributions and important wetland complexes.

www.biogeosciences.net/5/1809/2008/


http://www.fsl.orst.edu/larse/russia/
http://www.fsl.orst.edu/larse/russia/
http://www-tem.jrc.it/glc2000/ProductGLC2000.htm
http://www-tem.jrc.it/glc2000/ProductGLC2000.htm
http://geography.bu.edu/ landcover/
http://duckwater.bu.edu/lc/mod12q1.html
http://www.worldwildlife.org/science/data/item1877.html
http://www.worldwildlife.org/science/data/item1877.html

O. N. Krankina et al.: Mapping peatlands 1813

— BALANS land cover map has been developed from IRSwas visually assessed. We found the geolocation error of
1C/1D WIFS data with scenes from 1997 up to 2000 the BALANS map in some areas to be greater than 10-km.
for the Baltic Sea basin and ancillary GIS data (Malm- Hence, we georectified the BALANS map using 37 ground
berg, 2001; http://www.grida.no/baltic/htmls/arcinfo. control points and a second-order polynomial transformation
htm). The pixel size is 158150 m. (RMSE=74.6 m, half the BALANS spatial resolution).

To evaluate the performance of the coarse resolution data

— LARSE peatland cover is a MODIS-based map of per-sets for mapping extent and distribution of peatlands in the
cent peatland cover in 1 khpixels for the St. Peters-  St. Petersburg region we a) calculated and compared the areal
burg region (Pflugmacher at el., 2007). The map wasextent of peatlands in the region by combining all relevant
produced by a study that tested the capability of theland cover classes on each map and b) analyzed the spa-
MODIS sensor to map peatlands within a taiga land-tial agreement of the mapped area of peatlands or relevant
scape of the East-European plain. The map repreproxi classes (e.g., wetlands) with the Landsat-based refer-
sents sub-pixel proportion of peatland cover derivedence map (Table 1, Fig. 2).
from reference maps and1-km resolution MODIS Spatial agreement of thematic maps is commonly assessed
Nadir BRDF-Adjusted Reflectance (NBAR) data from using a classification error matrix, which is a cross-tabulation
26 May-9 June 2002. MODIS NBAR is a composite of of mapped class labels against the class labels of a reference
multi-date, cloud-cleared and atmospherically correcteddata set (e.g. numbers of pixels that are labeled x in map A
surface reflectance normalized to the mean solar zenithvhile being labeled y in map B). Comparing two maps on a
angle of a 16-day period (Schaaf et al., 2002). The mappixel-by-pixel and category-by-category basis, however, re-
predicts unmined and mined peatland cover with a root-quires that both maps have the same spatial resolution. As
mean-squared error of 16% and 9%, respectively. Thea consequence when maps with differing spatial resolutions
ground data set used to produce this map was separatge compared, the map with the higher spatial resolution is
from that involved in production and accuracy assess-sometimes spatially aggregated to the coarser resolution by
ment of the Landsat-based land cover map (Oetter etssigning the dominant class to the aggregated pixel (Turner
al., 2001) which is used in this study as a basis for com-et al., 2000). The disadvantage of this approach is that it
parison. assumes some level of homogeneity in the landscape since

sub-dominant classes are basically omitted from the compar-

Several additional datasets were reviewed includingison. Alternatively, the sub-fractional error matrix compares

GLCC-AVHRR database based on AVHRR data acquiredthe areal overlap of two categories (Latifovic and Olthof,
from April 1992 through March 1993 (Loveland et al., 2000; 2004) and therefore preserves distributional information of
http://edcsns17.cr.usgs.gov/glcc/ It has a 1-km nominal  all reference classes. Based on the areal agreement and dis-
spatial resolution and was used to produce a core set of deagreement between the two maps, percent of omission and
rived thematic maps including a map for Eurasia based orcommission are then calculated. In our case, omission is the
IGBP legend. Since GLCC-AVHRR database (Loveland etpercent of peatland area in the Landsat-resolution map that
al., 2000) was incorporated in GLWD and did not show anywas not mapped as peatland (omitted) in the coarse resolu-
wetlands at all on the territory of the St. Petersburg region wetion data set. Similarly, comission is the percent of peat-
opted to use only GLWD. land area mapped in a coarse resolution data set that was not

A mosaic of the MODIS-IGBP map for Eurasia was down- mapped as peatland by the Landsat-based map. For example,

loaded in Lambert Azimuthal Equal-area (LAEA) projection a comission of 40% means that on average coarse resolution
with a 930-m spatial resolution. The GLC2000 and GLWD peatland pixels contain 40% of land cover other than peat-

maps were available in Plate Caer projection. Since the lands and 60% of peatland cover. This method is applicable

Plate Caree reference system is not an equal area projecboth to categorical land cover maps (that represent peatlands
tion (i.e. raster cells vary in area), we reprojected GLC2000along with other land cover types) and continuous maps (per-

and GLWD into LAEA, the reference system of the MODIS- cent peatland cover). Areas in the Landsat-resolution refer-

IGBP map. The MODIS-based peatland map by Pflug-ence data set that were not mapped (e.g. due to clouds) were
macher et al. (2007) was kept in its original Sinusoidal excluded from the analysis such that only coarse resolution

projection, which is also an equal area projection (Snydercells with 99% and more cloud-free reference data were an-

1987). To compare the detailed Landsat-based land covealyzed.

map with the coarse resolution maps, the Landsat-based map According to the Landsat-based land cover map, peatlands
was then reprojected into the coordinate space of the coarseover about 10% of the land area in the St. Petersburg re-
resolution map (e.g. Sinusoidal for MODIS-based peatlandgion (Oetter et al., 2001). The same percentage was esti-
map and LAEA for the others). To match the coarse resoluimated from the MODIS-based peatland map (Pflugmacher

tion pixels the Landsat-based map was nearest-neighbor reet al., 2007). The agreement between the fractional cover

sampled to 30 m. Prior to analysis the correct geolocation oimap from Pflugmacher et al. (2007) and the higher reso-

all maps in comparison to the Landsat-based reference malution map is reasonably good (omission=41%, comission

www.biogeosciences.net/5/1809/2008/ Biogeosciences, 5, 18282008
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Fig. 2. Peatlands in the St. Petersburg region of Russia — representation on different(e)dpSRSE land cover (Oetter et al., 2001),
(b) LARSE peatland cover (Pflugmacher et al., 20¢Z);GLC2000 Northern Eurasia (Bartalev et al., 20q@8), MODIS IGBP land cover
(Friedl et al., 2002)(e) BALANS land cover (Malmberg, 2001ff) Global Lakes & Wetland Database (Lehner anill[2004).

42%, see Table 1). Furthermore, the spatial patterns of thén the study region, which is less than half of our estimate
two maps are similar (Fig. 2a and b). In comparison, thesupported by other regional studies (e.g. Kobak et al., 1998).
broader regional, continental, and global coarse resolutiorNevertheless, the comission error of the two maps is similar
maps all greatly underestimated peatland cover for the Stto the peatland map from Pflugmacher et al. (2007), which
Petershurg region. The GLC2000 for Northern Eurasia andneans, that overall, peatlands were correctly classified as
BALANS maps (Fig. 2c and e) failed to identify 77% and such but a large proportion was overlooked (omission error).
74% of peatland cover, respectively, when compared to thénterestingly, GLC2000 and BALANS maps both achieved
Landsat-based reference map. According to GLC2000 andimilar agreement with the Landsat-based map even though
BALANS, peatlands account for only 4% of the land areathe BALANS map had a higher spatial resolution (150m

Biogeosciences, 5, 180982Q 2008 www.biogeosciences.net/5/1809/2008/
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compared to 1km). Both of these maps were not focusedjion on GLCC-AVHRR database using the IGBP classifica-
on any particular land cover type and evidently, the lack oftion (Loveland et al., 2000). A more regionally appropri-

focus on peatlands was a more significant factor than resoluate class definition of wetlands on GLC2000 map for North-
tion in causing the omission in mapping peatlands. ern Eurasia (bogs and mires with no inundation requirement;

The lowest estimates of peatland area and the lowesBartalev et al., 2003) resulted in a significantly improved rep-
agreement with our reference map were observed for theesentation of peatlands with the level of omission consis-
global land cover datasets. The Global Lakes and Wetlandent with map resolution. Continuous field modeling used
Database (GLWD) mapped 3.3% of the study region as wetby Pflugmacher et al. (2007) has the potential for a more
land (Fig. 2f) and missed 86% of peatland area on the refercomplete representation of peatlands and other land cover
ence map. In addition, all wetlands reported for the region bytypes that occur in small patches. High level of disagreement
the GLWD were incorrectly classified as freshwater marshesamong land cover maps in regions with significant presence
and floodplains while bogs, fens and mires were not reportef boreal peatlands (Herold et al., 2008) highlights the chal-
at all. The MODIS-IGBP land cover mapped 0.2% of the lenge of adequate characterization of the global distribution
study area as permanent wetlands (Fig. 2d) and omitted 99%f peatlands.
of peatlands on the Landsat-based reference map.

Both coarse map resolution and class definitions can cause ,
bias towards omission or comission error in representingt SPectral reflectance signatures of peatlands
peatlands on land cover maps. For example, if we counted [TOM Landsatimagery
only the peatland area that occupied more than 50% of in—4 1 Imagery and spectral data processin
dividual 1-km pixels we would only report 3469 Knof ' gery P P g

peatlands in the St. Petersburg region (5% of land area inye examined the spectral characteristics of our ground poly-
stead of 10%). Under the majority rule, all pixels with less gons over a spring, summer and autumn season using re-
than 50% peatland cover should be classified as some 0thgf,tance data from Landsat TM (19 May 1994) and ETM+
land cover class (e.g. the dominant class or a mosaic class(b October, 2000; 2 June 2002; WRS-2 path 184, row 18).
and thus half the peatland area would be omitted from therpa three Landsat scenes were acquired at level 1G pro-
map as the result of the coarse resolution. At the same timecessing with a 28.5-m spatial resolution and UTM projec-
the comission (overestimation) error can occur if for exam-4, (zone 36N, WGS84). We used an automated tie-point

ple, a 1-km pixel with 51% actual peatland cover was Cor-,oqram from Kennedy and Cohen (2003) to geometrically
rectly mapped as peatland. This would overestimate peatlangh ity all images to an orthorectified Landsat scene with an

cover for that pixel by 49%. For the St. Petersburg region, if s\ SE less than 15m. The T™M image was converted first

we account for the effect of commission as the result of &, 4t satellite radiance using parameters from Chander and
1-km spatial resolution and assume an omission of peatlandg 4 rkham (2003) and then to surface reflectance using the
that cover less than 50% of a 1-km pixel we would report cosT radiometric correction model (Chavez Jr., 1996). The
a peatland area of 4627 KmTherefore categorical maps at o ETM+ scenes were then radiometrically normalized to
1-km resolution are prone to underestimate peatland area faf,q aimospherically corrected TM image using the multiple
our study region, even if the mapping algorithm worked per-5jeration detection calibration algorithm from Canty (2004).
fectly. o o Finally, the six reflectance bands of each image were trans-
The prevalence of omission over comission reflects theqormeq into Tasseled Cap indices of brightness, greenness,

charactleristif: patchiness in the distribution of peatlands inyq wetness (Crist, 1985) and average values of these indices
the region with several very large peatlandslQ00 ha) and | are calculated for all pixels within each polygon.
hundreds of small ones. Because of that there is a high pro-

portion of pixels where peatlands occupy5% of the area 4.2 Ground data
thus reducing the potential for comission error and at the
same time a fairly high proportion of pixels where peatlandsGround information for peatlands and other vegetation types
occupy<50% and this increases potential for omission error.was derived from forest inventory data and maps from 1992—
Thus, coarse resolution of categorical maps can account993. These maps were based on detailed topographic maps
for omission of about 50% of peatlands in our study region.and aerial photographs (Kukuev et al., 1997) and were avail-
Furthermore, the total area of 1 km pixels where peatlandsable as digital vector data with polygons ranging in size from
occupy >95% of each pixel is 719 kfwhich is just 1/10 2.5 to 305ha. Reference polygons included peatlands and
of the total peatland area in the region (Table 1). For mapsvegetation on mineral soils with similar dominant life forms.
using the IGBP definition of wetlands as permanently inun-Peatlands are classified by forest inventory as bogs and mires
dated land, this definition appears to be the main factor lim-when they have less than 40% tree cover. The percent cover
iting representation of peatlands as boreal peatlands are nty woody vegetation and the dominant species (primarily
inundated for most of the vegetation season. In an extrem®inus sylvestrid..) was recorded for each polygon. Poly-
case, no peatlands were mapped for the St. Petersburg rgons were grouped into classes depending on presence of tree
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Fig. 3. Average reflectance of ground polygons in Tasselled Cap spectral indices of brightness, greenness, and wetness derived from Landseg
ETM+ 2 October 2000.

and shrub cover in line with LCCS (DiGregorio, 2005) with 4.3 Analysis of spectral signatures
“wet” sub-classes corresponding to peatlands. The following
classes were examined: Successful automated mapping of peatlands with spectral im-
agery requires that peatlands are spectrally separable from
— Herbaceous-wet (62 polygons) had less than 15% tregther vegetation types. Several studies have demonstrated
cover. While low shrubs\acciniumspp.) are often  mapping of peatlands with multi-spectral sensor data of dif-
present, the extent of low shrub cover could not be ex-ferent spatial resolution (Poulin et al., 2002; Oetter et al.,
tracted from available data. 2001; Bronge and Naslund-Landenmark, 2002; McGovern
o . et al., 2000; Baker et al., 2006; Pflugmacher et al. 2007).
~ Herbaceous (25 polygons) were classified by forest in In the St. Petersburg region, peatlands are fairly distinct in

ventory as pastures, hay lots, meadows, or glades. Bex .
cause this class was poorly represented in available fof_:l'a(\js_sellec; t? _apht(TC) spectral space g:'g't?’)' In ternt1|s cg‘ TC|:
est inventory dataset (9 polygons total), 16 additional'"?!¢€S O DNGNINESS, greenness, and wetness, peatiand poly-

polygons were hand-digitized using expert judgementgons occupy the space between tree-dominated and herba-

and high-resolution imagery (Quickbird) for visual ref- ceous types on mineral soil. This positioning of peatlands in
erence spectral space suggests that land cover classifications which

focus on a single vegetation life form as their organizing

— Trees-open (22 polygons) — had tree cover between 1®rinciple (i.e., tree, shrub, herbaceous) and do not define

and 65%. Most of these polygons were subject to recenpeatlands as a distinct cover type will likely split peatland
thinning which opened tree canopies. spectral space leading to added confusion among land cover

types. The location of areas of disagreement among current
— Trees-open-wet (46 polygons) — were classified by for-g|opal vegetation maps within the boreal forest zone seems
est inventory as bogs or mires if the tree cover was be+o corroborate this (Herold et al., 2008).
tween 15 and 40% or as forest with sphagnum mosses g gpectral reflectance signatures showed that peatlands
dominating the ground cover and stocking density indi- .5y pe separated from similar vegetation types on mineral
cating 50-65% canopy cover. soil except when under closed tree canopy (Fig. 4). The

— Trees Closed (1528 polygons) — had tree cover greatei:lifference in spectral reflectance of treeless peatlands and
than 65% and ground cover other than Sphagnumherbaceous vegetation on mineral soil was the greatest in the
Mosses. near-infrared (0.77—-0.90m, Landsat band 4) in the summer

(2-June-2002) and in the near- and shortwave-infrared wave-
— Tree-closed-wet (586 polygons) — had tree cover greatefengths (0.77-0.99, 1.55-1.75, 2.08-2.3b, Landsat bands
than 65% and ground cover dominated by sphagnun¥, 5, 7) in late spring (19 May 1994) and autumn (2 Octo-
mosses. ber 2000). The characteristic seasonal variation was greater
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for herbaceous vegetation on mineral soil than on peatlanddikely reason is higher average canopy cover among poly-
herbaceous vegetation on peatlands did not exhibit midgons with open tree stands on mineral soil (46%) than on
season peak as much as herbaceous vegetation on minepdatlands (33%). Apparently, the canopy architecture in this
soil. The lower reflectance of peatlands with herbaceousase has a greater impact on spectral reflectance of polygons
cover in the near- and shortwave-infrared wavelengths (0.77+than the distinct spectral signature of sphagnum moss. The
2.35um) was consistent with the difference between thedifferences in spectral reflectance among the closed canopy
spectral signature of sphagnum and vascular plants observamblygons are clearly insufficient to distinguish peatlands with
by Vogelman and Moss (1993) and Bubier et al. (1997).Landsat sensor when closed canopy of trees is present.
However, the difference in the shortwave infrared reflectance
disappeared on the summer image (Fig. 4). Seasonal vari-
ations in the reflectance spectra are probably the result 0§ Conclusions
phenological differences in the plant communities and the
changes in sun-angle. While it is not clear to what extent 1. Coarse resolution maps of land cover under-represent
the same temporal patterns apply to other geographic regions  peatlands in the St. Petersburg region of Russia and
and years, these results suggest that multi-temporal satellite  in other parts of the boreal zone as well (Frey and
data could improve the mapping of peatlands with spectral Smith, 2007). Coarse resolution (1 km) of categorical
satellite data. maps alone may be responsible for omission of about
The difference in spectral reflectance between open 50% of peatlands in our study region. Maps that de-
canopy forests on peatlands and on mineral soil was smaller  fine wetlands as inundated lands omit a significant por-
than for herbaceous-dominated land cover types but some tion of boreal peatlands by definition, while on maps
separation of these classes seems possible (Fig. 4). The pat- with more inclusive definitions the omission is smaller.
tern of difference in this case is not consistent with the spec- Pflugmacher et al. (2007) showed that greatly improved
tral signature of sphagnum as the reflectance in the near- mapping at 1km resolution is possible with MODIS
and shortwave-infrared part of the spectrum was higher for sensor and continuous field approach targeting boreal
open canopy forests on peatlands than on mineral soil. The peatlands.
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