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Abstract—An automated information system making it possible to estimate spatial distribution of soil organic carbon
pool with a high spatial resolution (1 km) has been developed. According to the obtained estimates, the total pool of
organic carbon in the 1-m-deep soil layer on the territory of Russia reaches 317.1 Pg; the average organic carbon
density in this layer for the entire Russia constitutes 19.2 kg C/m?2. Of this amount, 14.4 Pg (or 0.90 kg C/m?) is stored
in the litter horizon. The developed algorithm allows us to refine the results with the acquisition of new data on soils,
vegetation, and the degree of their disturbance, which is particularly important in the changing world.
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INTRODUCTION

Soil organic matter (SOM) represents a considerable pool of carbon with the turnover time
from a year to tens of years (for vegetation residues) and from hundreds to thousands of years for
soil humus. One of the major carbon sinks is confined to soils of northern Eurasia with its vast areas
of tundras, wetlands, and boreal forests. These ecosystems are characterized by the retarded
destruction of plant residues under conditions of a cold and humid climate [12]. The territory of
Russia comprises 1/8.5 part of the land surface. According to expert estimates, the soils of Russia
contain about one-fifth of the world pool of soil carbon [12]. More accurate and reliable estimates of
the total pool of organic matter in the soils of Russia and its geographic distribution are of great
importance for modeling.

The pool of soil carbon is usually estimated for the upper 1-m-thick soil layer. The reasons for
this are as follows: (1) in most of the soils, 90% of the total pool of organic carbon allocated in the
first 1 m deep, despite of the entire soil profile reaching sometimes the depth of 2 m or more; (2) the
carbon turnover mainly takes place in the upper soil layer; it is less pronounced at the depths of
more than 1 m because of poor soil aeration and changes in the hydrothermic conditions retarding
the rates of the organic matter mineralization; and (3) the existing soil maps are usually based on soil
profile information with factual data on the organic carbon content to the depth of 1 m [12].

Permafrost-affected soils cover nearly 65% of Russia. The major biogeochemical processes
there take place in the upper layer subjected to summer thawing; in some cases, its thickness does
not exceed 20 cm (the thawing depth depends on the geomorphic position of the soil, the type of
vegetation the green ground cover, and the thickness of organic horizons). However, even for these
soils, the assessment of the soil carbon pool for the 1-m-thick soil layer makes sense, because the
thawing depth is subjected to considerable alteration under the impact of the climate change, which
is often most pronounced in the high latitudes.

The organic carbon pool in soils of Russia was estimated by soil scientists on the basis of data
on typical soil profiles [44], or on the basis of averaged data from databases on the measured in situ
soil characteristics [30]. The spatial distribution of different soils in these works was judged from the
existing maps of ecological [51], administrative [39], and forest [30] regionalization of the territory,
or from the soil maps on different scales [25, 42, 44, 47].

The aim of our study was to refine the existing estimates of the total pool of SOM in the
Russian Federation and to analyze the spatial distribution of the soil carbon pools in dependence on
the natural and anthropogenic factors (zonal climatic patterns, forest fires, etc.). We attempted to
develop an automated information system on the basis of GIS technologies allowing one to perform
calculations of the organic carbon distribution in the soils of Russia with due account for the
vegetation and land use of particular territories. The developed method of the carbon assessment is
aimed to combine the advantages of approaches used in the earlier studies and to apply more
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detailed information on the soils and vegetation. The created system should make it possible to
provide spatially distributed estimates of the soil carbon content with necessary amendments upon
acquisition of additional data on soils, vegetation, climate, and ecosystem disturbances. It should
integrate the potentially available empirical data on the studied objects, including soil maps,
descriptions of soil profiles, analytical data, and remote sensing data into a common information
space.

OBJECTS AND METHODS

The following sources were used to calculate the organic carbon pool in soils:

(1) The soil map of the Russian Federation on a scale of 1:2.5 M [29] and a database on typical soil
profiles for this map [49]. The database was updated by us on the basis of the explanatory note to
this map [34];

(2) The database on the in situ measurements of organic carbon in the soils of Russia obtained from
published sources. This database was used by us to take into account zonal and regional specificity of
the soil carbon content of particular territories as well as the type of vegetation and land use;

(3) The map of dominant types of vegetation and land use [45] with a spatial resolution of 1 km? that
allows us to distribute the information on soils, vegetation, and the character of anthropogenic
disturbances to the particular territories;

(4) The map of natural zones of the Russian Federation [49] that was used for correcting data on the
soil carbon pool in dependence on the zonal features; and

(5) The administrative map of Russia [49] that was used for regional corrections of the SOM pool.

The initial data were organized as a geographic information system based on the ArcGIS and
FireBird SQL software.

The pools of soil organic carbon were estimated separately for the litter layer and for the
1-m-thick soil layer under the litter. According to [15], the litter (or “on ground organic layer”) is
defined as a surface horizon of mineral soils that consists of the organic material (with the organic
matter content of more than 35% of the mass of the litter (O) horizon). The thickness of the litter
layer does not exceed 10 cm. In organic soils, the litter layer includes the dead part of the mosses.

The database of typical soil profiles [49] includes soil characteristics (the thickness of soil
horizons, the organic matter content, and the bulk density) and their ranges of the variation for each
soil type. This database was used to calculate minimum and maximum organic carbon pool according
to the following equation:

1 H; K (100-Kj)
100 100 100

Di I—i Kmet Xlo] (1)

i=1

where C denotes the pool of organic carbon in the 1-m-thick soil layer, or in the litter layer, kg/m?; n
is the number of horizons in the soil profile; Hi is the organic matter content in the particular horizon,
%; k. is the carbon content in the organic matter, %; Ksis the stone content in the horizon, %; b; is the
bulk density of the horizon, g/cm?3; L. is the thickness of the horizon, cm; Kmet is the correction factor
for the organic matter determination on the basis of the wet combustion (Tyurin’s) method (relative
to the dry combustion method); and 10 is the conversion factor (from g/cm? to kg/m?).

The mean carbon content (k) in the organic matter of litter horizons was taken equal to 37.9%
for all the soils. This value was somewhat corrected for the particular regions/zones; for forest soils,
the dominant tree species was taken into account. The mean value and the correction factors were
calculated on the basis of a number of publications [6, 7, 10, 17, 24, 27, 36, 37]. It should be noted
that some authors used a higher value of the carbon content in the litter horizons. For example,
Rozhkov with coauthors [44] considered the carbon content in the litter horizons to be equal to 48%.

The carbon content in the organic matter of mineral soil horizons in different types of soils
varies from 53.4 to 58.0% [21, 25].

A systematic error in the estimation of organic carbon is introduced by the wet combustion
method of its determination. In dependence on the soil type, the values obtained by this method are
by 13 to 34% lower than the values of the organic carbon content obtained by the dry combustion
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method [16]. The correction factors for different types of soils were determined on the basis of
published data [8, 16, 21, 25].

It is known that the same type of soil can be found in several natural zones and different
regions. As a rule, this fact is not taken into account in the estimates of soil carbon pools: the mean
carbon content value of a typical soil profile is extrapolated over the entire area of this soil without
consideration for the zonal conditions. The carbon content in soils is also affected by the type of
vegetation, land use, and disturbances. To take into account these factors, we suggested
corresponding correction coefficients:

C =(Cmin +Cmax—;CminKreg KsijLU (2)

where C is the corrected soil organic carbon pool estimation, kg/m?; Cmin, Cmax are the minimum and
maximum contents of carbon in soils calculated according to Eq. (1) from the database on the typical
soil profiles, kg/m? (minimum and maximum values of the thickness, bulk density, and the organic
carbon content of the soil horizons are taken into account); K. is the regional correction coefficient
(Table 2); Ky is the correction coefficient for forest areas that takes into account the effect of
dominant tree species (Table 1); and Ky is the correction coefficient for different types of land use
and ecosystem disturbances. A detailed description of the correction coefficients is given below.

Table 1. Correction coefficients for the organic carbon pools in litter horizons in dependence on the dominant tree
species

Tree species Organic carbon content in fche organic Coeffi;ient to recalculate the reserves of

matter, % (parameter K¢ in Eq. (1)) organic matter (parameter K, in Eq. (2))
Pine 42 0.84
Spruce 37 0.96
Fir 41 1.45
Larch 36 0.88
Cedar (Pinus sibirica) 41 1.30
Hardwood deciduous 38 0.80
Birch 38 1.24
Aspen 35 0.58
Other softwood deciduous 38 0.94
Dwarf pine (Pinus pumila) 38 0.47

Table 2. Correction coefficients (Kreg in Eq. (2)) to calculate carbon pools in litter (nominator) and 1-m-thick soil layer
(denominator) in dependence on the zone and region

Natural zone European part West Siberia Central Siberia Far East
Tundra 0.53/0.60 0.66/0.50 0.77/0.40 0.83/0.35
tF;rngt't“”dra and northern 1.39/0.72 1.36/0.60 1.71/0.48 1.01/0.42
Middle taiga 1.49/0.96 0.63/0.80 0.80/0.64 1.00/0.56
Southern taiga 1.15/1.20 0.88/1.00 0.86/0.80 1.07/0.70
Mixed and broadleaved forests 0.73/1.44 1.47/1.20 0.96/0.96 1.10/0.84
Forest-steppe 0.71/1.68 1.00/1.40 0.86/1.12 -
Deserts and semideserts 0.50/0.60 0.50/0.50 0.50/0.40 -

Zonal specificity and the effect of tree species. To correct the estimation of organic matter
pool in the litter horizons for the regional specificity, the bioclimatic zone (subzone), and the
dominant tree species, a database with 1068 entries was developed. It was used to calculate
correction coefficients for the major tree species (Ksp, Table 1) and, separately, for the
region/bioclimatic zone (subzone) independently from the dominant tree species (Krg, Table 2). The
number of field measurements used to calculate K, varied from 7 to 560 (for different tree species);


http://link.springer.com/article/10.1134%2FS1064229313020129

Postprint. ISSN 1064_2293, Eurasian Soil Science, 2013, Vol. 46, No. 2, pp. 107-116. DOI: 10.1134/S1064229313020129

the number of field measurements used to calculate ., varied from 4 to 215 (for different
region/zone combinations).

In terms of statistics, the amount and representativeness of the database collected by us are
insufficient for the direct reliable calculation of soil carbon pool. Therefore, we could not manage
without the typical soil profiles. However, our database made it possible to calculate correction
coefficients for different zones, regions, types of vegetation, and ecosystem disturbances (such as
grazing pressure, fires, etc.). The database on typical soil profiles was used to calculate the intervals
for possible carbon pool in each of the soils displayed on the map. The obtained correction
coefficients change the mean values of the soil carbon content typical of a given soil unit in
dependence on the zone, regions, and type of vegetation and land use. However, our estimations lie
within the range of the values (minimum-maximum) calculated for the certain soil unit according to
Eqg. (2).

The regional/zonal correction coefficient in Eq. (2) was applied in connection with soil type. In
the case, when the given soil type is typical of a given zone/region, no correction coefficient was
introduced. Thus, for each of the soil units shown on the map, the zone and region, where this soil is
most widespread were determined. Correction coefficients were only introduced for the soils beyond
their core area. For example, if a given soil is typical of the tundra zone in the European part of Russia
(for this zone, the regional/zonal correction coefficient is equal to 0.60 (Table 2)), and this soil is also
found in the northern taiga zone (with the correction coefficient of 0.72), then the correction
coefficient to determine the carbon content in this soil in the northern taiga zone was calculated as
follows: k., =0.72/0.60 = 1.2.

Fig. 1. The organic carbon pool in litter horizon, kg (.‘/mz.

We have compared the results of calculation of the organic carbon pool in the soils of Russia
with the use of the correction coefficients and without them. It was found that the resulting
differences in the total carbon pools calculated by these two methods for the entire Russia do not
exceed 1%. However, application of the correction coefficients increases variability of the soil carbon
estimations in dependence on the zone, region, and dominant tree species, though this variability
remains within the minimum-maximum range of values calculated for each particular soil unit.

The effect of land use and disturbances of soils and vegetation. The character of land use
and various kinds of ecosystem disturbances are important factors affecting the soil organic carbon
pool. Spatial distribution of particular land use types and ecosystem disturbances were obtained
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from the land cover map of Russia [45]. Published data were used to find correction coefficients for
ecosystem disturbances (e.g., for the use of grass lands as pastures) [3, 9, 18, 20, 33, 38, 40, 46]. The
transformation of undisturbed steppe ecosystems into pastures leads to a decrease in the SOM pool
in litter by 61%; the amount of carbon in the 1-m-thick soil layer is reduced by 25%. For forest
ecosystems, their transformation into pastures reduced the carbon pool in the forest litter and in the
1-m-thick soil layer by 87 and 22%, respectively. The soils of natural meadows transformed to
hayfields lose about 30% of organic matter in the litter and about 5% in the upper 1-m-thick soil
layer.

For arable lands, the organic matter pool in the litter was taken equal to zero. A correction
coefficient of 0.79 was applied for all the soils to calculate the pool of organic matter in the upper
1-m-thick layer of soils of arable land compare to virgin land. This coefficient was obtained from the
analysis of published data [11, 22, 35].

The economic crisis of the 1990s in Russia led to a considerable reduction of arable land that
was converted into long-term fallow land [1, 2, 26]. Vegetation successions taking place on the
abandoned arable land gradually lead to the restoration of natural cenoses typical of the particular
regions [11, 19, 22]. For such lands, the correction factors for calculating the SOM carbon pool
(relative to their values in the undisturbed natural soils) were taken equal to 0.50 for the litter
horizons and to 0.87 for the mineral soil [3, 11, 22, 23].

Wild fires represent one more significant factor affecting the SOM pool and, particularly, litter.
According to experimental data, fires may destroy from 14 to 100% of the litter pool in tundra and
forest ecosystems [5, 13, 43]. The average correction factor to calculate the reserves of organic
matter in the litter after fires was taken equal to 0.4 (K = 0.4).

RESULTS AND DISCUSSION

The distribution of average carbon pool in the litter horizons of Russian soils is shown in Fig. 1
and Table 3 The total pool of organic carbon in the litter reaches 14.4 Pg, including 58% in the forest,
25% in the natural grasslands and shrublands, 7% in the sparse woodlands (with the canopy density
of less than 0.3), 7% in the forestless wetland, and 3% in the other land categories (including
agricultural land and burnt areas). About one-half (49%) of the carbon pool of litter is accumulated in
the middle taiga zone; 17%, in the tundra zone; 17%, in the northern taiga zone; 12%, in the southern
taiga zone, and 5%, in the zones of mixed forests, forest-steppes, and steppes. The carbon pool of
litter in the Asian part of Russia comprises 83% of the total litter pool in Russian soils; the remaining
17% are found in the European part of Russia.

Table 3. Distribution of average pool of organic carbon in the litter by different regions, zones, and land categories,
kg C/m?

Zone Forest V(\-l)ggg- Burnt Ha;!r]:lc‘;ld Fallow (Wetland Grassland Average Total,
land | 2re@ pasture and shrubs TgC
European part

Arctic 0.43 0.43 1
Tundra 0.86f 1.03 0.49 0.28 0.15 0.93 1.15 1.01 255
Forest tundra, open
woodland, and northern 0.97 1.000 0.54 0.93 0.24 0.85 1.26] 0.95 465
taiga
Middle taiga 1.04 1.08/ 0.59 0.61] 049 087 112  1.01 663
Southern taiga 0.92| 0.97 0.48 0.50 0.47 0.64 0.83 0.75 698
Mixed forests 0.91) 0.80| 0.56 0.36 0.35 0.66 0.62 0.46 170
Steppe 0.50 0.56] 0.21 0.17 0.17 0.83 0.38 0.12 111
Semideserts and deserts 0.39] 056 0.17 0.12| 0.4 0.38 029 0.16 25
Average 0.95 0.97 0.47 0.26 0.34 0.85 0.76 0.64 2388
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Zone Forest Vfl)ggg- Burnt Haglr?c‘;Id Fallow (Wetland Grassland Average Total,
land | 2red pasture and shrubs TgC
Asian part
Arctic 0.75 0.75 2
Tundra 1.14 1.11] 0.77 0.54 0.81 0.49 1.13 1.02 2190
Forest tundra, open
woodland, and northern 1.14 1.17| 0.77 0.29 0.26 0.78 1.38] 1.12 2046
taiga
Mi%idle taiga 1.02 1.20f 0.69 0.60 0.38 0.62 1.24 1.02 6345
Southern taiga 0.91] 0.90, 0.52 0.46 0.32 0.60 0.90 0.82 988
Mixed forests 1.26 0.94) 0.54 0.38 0.45 0.83 0.87, 0.94 248
Steppe 0.82 0.76] 0.37 0.23 0.21 0.67 0.62 0.30 190
Semideserts and deserts 0.48 045 0.22 0.19 013 043 0.55  0.29 14
Average 1.03| 1.17] 0.70 0.35 0.31 0.62 1.18 0.98] 12023
Total Russia
Arctic 0.63  0.63 3
Tundra 1.08 1.09] 0.77 0.49 0.51 0.57 1.13 1.02 2445
Forest tundra, open
woodland, and northern 1.10 1.15 0.77 0.37 0.25 0.80 1.38] 1.08| 2511
taiga
Middle taiga 1.02] 119 0.68 0.60 0.0 0.65 1.24] 1.0 7008
Southern taiga 0.92| 096 0.52 0.48 0.44 0.61 0.87, 0.79 1686
Mixed forests 1.11| 0.82] 0.54 0.37 0.40 0.80 0.70 0.66 418
Steppe 0.71 0.61 0.32 0.20 0.19 0.68 0.44 0.20 302
Semideserts and deserts 0.45 0.53] 0.20 0.13 0.14 0.42 0.33 0.19 39
Average 1.01 1.14f 0.69 0.30 0.33 0.66) 1.14 0.90
Total, Tg C 8323 971 164 274 116 955 3608 14411

]—:[11-20 B s s
[ 21-30 [ >80

Fig. 2. The pool of organic carbon in litter and in the 1-m-thick soil layer, kg (‘/mz.

Our estimation of the total carbon pool of litter (14.4 Pg C) is within the range of other [44]
estimates. Thus, Rozhkov with coauthors estimated the carbon pool in the litter horizons of Russia at
18.9 + 4.4 Pg C. Somewhat larger data obtained by these authors could be explained by the fact that
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they used a higher percent of carbon in the litter. In the work by Chestnykh with coauthors [31], the
carbon pool in the litter under forest areas (733.15 million ha) was estimated at 5.26 Pg, which
constitutes 72% of the value obtained by us for forest areas. This bias can be explained by the
differences in the methods of calculation. Chestnykh with coauthors gathered from scientific
publications a database with about 900 in situ litter carbon stock measurements. The calculated
average SOM pool in the litter horizons for 12 regions and further subdivided the forests of Russia
according to the dominant tree species. Overall, they obtained 75 averaged values for the whole
country. However, they did not check the representativeness of data in their database, which could
lead to some biased estimates. For example, data on larch stands in the middle taiga zone in their
database include 8 entries with the range of litter carbon pool from 4.6 to 12.7 t C/ha (on the
average, 7.3 t/ha). According to our calculations, middle-taiga larch stands occupy the area of 205
million ha and grow on more than 50 different soil units. Our average estimate for the litter reserves
in this type of forests is 9.6 t C/ha with variations from 1.6 to 26.0 t C/ha for different soil types.

According to our estimates, the total pool of organic carbon in the litter and in the underlying
1-m- thick soil layer for the entire Russia reaches 317.1 Pg C (Table 4, Fig. 2). This result is relatively
close to other estimates obtained in the past 15 years (Table 5); the differences for the entire
country are within 5—7%. However, larger differences are observed for forest areas. The total SOM
carbon pool of Russian forests obtained by other authors vary from 55 to 115% of the value obtained
by us. Somewhat lower values [30, 48] could be explained by the underestimation of the area of peat
soils in the forests. Higher results [44] could be due to the absence of correction for disturbances (in
particular, wild fires). The carbon content (27.3 kg C/m?) in permafrost-affected soils of Eurasia
obtained by Tarnocai with coauthors [50] is by 30% higher than the corresponding value obtained in
our work. In this case, however, direct comparisons are not quite correct, because the database used
in [50] also included data on the soils of Scandinavia and Tibet.

In general, the soils of forest ecosystems contain 46% of the total organic carbon pool in the
soil cover of Russia. The contributions of forest ecosystems to the total soil carbon pool in the Asian
and European parts of Russia are different (48 and 37%, respectively), which reflects different
percentages of forests in these regions. An opposite situation is observed for the soils of agricultural
fields (20% in the European part of Russia and 2% in the Asian part of Russia), which is explained by
the lower percentage of agricultural lands in Siberia and the Far East, because the absolute values of
the carbon content in the upper 1- m-thick layer of agricultural soils in the European and Asian parts
of Russia are approximately similar.

The contribution ofwetland areas to the total SOM pool averages 20% with 16% in the
European part and 21% in the Asian part of the country.

Higher stock of litter in the Asian part of Russia can be explained by the less favorable
conditions for the organic matter decomposition because of the long and severe winters and short
growing seasons with relatively low temperatures. Under these conditions, the accumulation of
partially decomposed plant residues on the soil surface is clearly pronounced. Relatively high litter
pool under open woodlands may be related to the high biomass production by the ground cover on
open spaces. The contribution of the ground cover to the litter pool is significant in northern
ecosystems.

Higher pool of litter in the grassland and shrub ecosystems of the middle and northern taiga
and forest- tundra in comparison with more southern forest ecosystems is explained by the high
annual production of the green biomass of herbs in these cenoses. According to [4], the production
of herbaceous vegetation in the northern forest ecosystems may reach 0.73 kg/m? per year; it
exceeds the production of herbaceous vegetation in typical forest (0.17 to 0.31 kg/m2) by almost two
times.
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Table 4. Distribution of average stock of organic carbon (kg C/m?) in soil (litter + underlying 1-m-thick of soil) by natural zones and land categories

Average carbon content, kg C/m? by land classes

: Average, Total,
zone Barrens* Forest wg)F::ﬁ:nd zl';g;t Arable Haggglds Fallow Wetland aGn':ssﬂf:Ss kg C/rl%‘1 PgC
pastures
European part

Arctic 0.05 1.74 0.11 0.0
Tundra 0.61| 28.85 33.41 4.17 0.00 18.15 6.12 44.48 17.06 27.57 7.5
Forest tundra, open 11.9
ﬁvé’r?ﬁfrﬂdt’a?g”f 426 | 19.68 19.09 14.97 10.59 9.95 8.91 40.19 18.07 24.22

Middle taiga 242 | 13.75 15.96 9.97 34.65 9.66 13.47 38.67 14.19 15.59 10.2
Southern taiga 3.06 | 14.59 13.66 12.85 10.85 9.93 9.21 64.64 14.96 14.74 13.7
Mixed forests 7.02 | 17.12 17.90 20.43 19.80 16.67 19.01 38.18 19.65 18.39 6.8
Steppe 771 | 25.42 27.16 25.72 24.49 21.52 24.30 26.86 21.73 23.58 21.3
ﬁggﬂiserts and 295 | 17.95 23.01 14.21 7.18 7.42 7.92 7.49 7.96 7.69 1.2
Average 052 | 16.21 20.25 13.87 22.19 15.16 15.73 43.24 17.51 18.99 72,6

Asian part

Arctic 0.41 9.47 1.14 0.0
Tundra 2.06 | 18.16 20.71 13.84 0.00 10.40 7.22 38.98 13.82 16.73 40.6
Forest tundra, open 45.0
bt deiiy 5.25 | 22.00 27.11 11.06 9.27 12.50 12.95 44.83 14.26 24.52

Middle taiga 278 | 15.87 14.88 15.22 13.65 11.96 15.01 45.71 14.41 17.23 107.7
Southern taiga 500 | 2231 29.44 27.72 17.50 14.76 17.44 62.95 24.73 26.19 31.7
Mixed forests 521 | 16.73 35.66 25.85 21.08 17.97 18.41 36.17 24.16 18.66 4.9
Steppe 5.47 | 22.70 28.43 24.10 23.93 19.91 24.06 19.01 20.86 21.86 13.8
iggft‘zserts and 1.01| 17.15 8.14 11.33 18.65 15.84 19.66 13.69 10.24 14.72 0.7
Average 207 | 17.96 19.94 14.93 22.50 17.10 19.52 44.39 14.35 19.24 244.5
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Average carbon content, kg C/m? by land classes

; Average, Total,
zone Barrens* Forest wcng::ﬁgnd il':g;t Arable Ha\a/t]lglds Fallow Wetland aiﬁiﬂf:gs kg C/r%‘l PgC
pastu res
Total Russia

Arctic 0.20 6.54 0.56 0.0
Tundra 1.96 | 20.24 24.31 13.72 0.00 11.92 6.71 39.99 14.02 17.83 48.1
Forest tundra, open 56.8
bt deiy 522 | 2144 26.24 11.07 9.75 12.16 10.90 43.40 14.37 24.45

Middle taiga 2.78 | 15.62 14.91 15.19 18.95 11.64 14.77 44.92 14.41 17.07 117.9
Southern taiga 409 | 19.38 15.65 25.86 13.11 11.64 11.01 63.26 20.91 21.22 45.4
Mixed forests 6.39 | 16.90 20.08 25.02 20.02 17.09 18.75 36.50 20.98 18.50 11.7
Steppe 6.26 | 23.61 27.44 24.63 24.33 20.70 24.21 19.79 21.49 22.87 35.1
iggﬂ‘:serts and 1.83 | 17.39 19.12 12.27 13.31 8.95 10.24 12.08 8.33 9.36 1.9
Average 1.82 | 17.60 19.99 14.92 22.28 16.05 17.14 44.17 14.63 19.19

Total, Pg C 0.8 | 1445 17.0 3.5 20.4 14.8 6.0 63.9 46.2 317.1
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Table 5. The stock of organic carbon in Russian soils as estimated by different authors

Stock of organic carbon
in litter in a 1-m-thick soil layer Source
o | RS | e | e
Total Russia
1.03 114 22.1 115 Vinson and Kolchugina, 1993 [51]
17.3 90 Orlov et al., 1996 [25]
20.6 107 Rozhkov et al., 1996 [44]
1.04 116 18.0 94 Nilsson et al., 2000 [42]
18.3 95 Stolbovoi, 2002 [47]
0.90 100 19.2 100 Results obtained by the authors in this
work
Forested land
17.0 97 Orlov et al., 1996 [25]
20.3 115 Rozhkov et al., 1996 [44]
1.80 178 9.6 55 Alexeyev and Birdsey, 1998 [39]
1.50 148 11.5 65 Nilsson et al., 2000 [42]
14.8 84 Utkin et al., 2001 [28]
15.9 90 Shvidenko et al., 2003 [32]
11.5 65 Stolbovoi, 2006 [48]
0.72 71 16.2 92 Chestnykh et al., 2004, 2007 [30, 31]
15.9 90 Zamolodchikov et al., 2005 [14]
1.01 100 17.6 100 sve;sruklts obtained by the authors in this

In general, the carbon pool in the litter regularly increase from the south to the north, up to
the northern taiga zone. This regularity is not observed for the organic matter pool in the 1-m-thick
soil layer. Only 5—6% of the total soil carbon pool is allocated in litter horizons, so that doesn’t affect
much total SOM spatial distribution. Wetlands contain the highest average amount of organic carbon
in the 1-m-thick soil layer (44.4 kg/m?). Arable lands are also characterized by a relatively high
content of organic matter (22.5 kg C/m? on the average). This is explained by the fact that the most
fertile and humus-rich soils were the first to be involved in agriculture. The areas with a large
percentage of peatlands (West Siberia and the Kolyma River valley) are characterized by the very
high content of organic matter (>80 kg C/m?). Low-fertile soddy calcareous soils in the south of
Yakutia and brown solonetzic soils of Kalmykia are poor in the organic matter. The map of the soil
carbon pool with a spatial resolution of 1 km? is available from the website http://russia.geo-wiki.org.
On the starting page of this site, visitors are suggested to register, or they can take a test trial (“Try as
guest”). Then, free software Google Earth has to be installed. After the installation, a corresponding
map (Soil Carbon of Russia) can be selected and viewed.

CONCLUSIONS

The developed information system makes it possible to estimate the total organic carbon pool
in Russian soils and to analyze its spatial distribution. This system is based on a large set of available
information sources: the soil map, the database of in situ measurements on different types of soils,
the materials of forest and land surveys, and the remote sensing data. The total pool of organic
carbon in the soils of Russia is estimated at 317.1 Pg C with the average carbon density of 19.2 kg
C/m?2. Of this amount, 14.4 Pg C (0.90 kg C/m?) is stored in the litter. These estimates seem to be the
most accurate for the present time, though their accuracy cannot be evaluated by formal statistical
methods. The created system can reproduce spatially distributed estimates of the soil carbon pools
with a high spatial resolution (1 km?) and can be refined with due account for new data on the soils,
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vegetation, and their disturbances.
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