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Estimation of Siberian methane flux from wetlands and wildfires

Heon-Sook Kim', Nakako Kobayashi*, Shamil Maksyutov? and Gen Inoue*
! Research Institute for Humanity and Nature
2National Institute for Environmental Studies

CH,4 emission from West Siberian wetlands was estimated at 0.5° resolution, using in situ measurements of 30 sites for

bioclimatic zones covering the whole West Siberia and a detailed wetland classification (Glagolev et al. 2010). The estimated
CH,4 emission from West Siberian wetlands of 3.3 Tg/yr is smaller with its different north-south gradient as compared with
Matthews and Fung (1987). To understand the seasonal cycle of West Siberian CH, fluxes, this study estimates West Siberian
CHj, flux through inverse modeling with the updated CH,4 emission from West Siberian wetlands. The CH, emissions from
the extensive wetlands mainly determines the seasonal cycle of West Siberian CH,. Inverse modeling called a top-bottom
approach has been introduced as a tool for evaluating and refining emission estimates using atmospheric CH, measurements.
Two airborne measurements of CH, over West Siberia are used in this inverse modeling. To evaluate the updated emission of
Glagolev et al. (2010), its inversion results are compared with those for Fung et al. (1991), which emission inventory are
estimated using both emission seasons and emission rates for forested and nonforested bogs based on the climatology of
monthly surface air temperature and precipitation with a few measured CH, flux. Both inversions estimate a similar seasonal
cycle of West Siberian CH, flux with a similar annual flux and it suggests that this inverse modeling is a robust method on
flux estimates. The annual West Siberian CH, flux is estimated to be 7.3 Tg/yr using the updated emission inventory, which is
81% of the prior flux. While 8.4 Tg/yr of the annual mean flux estimated using the emission inventory of Fung et al. (1991) is
only 55% of the prior flux and it suggests the overestimated wetland emissions in Fung et al. (1991) due to the
spatio-temporal extrapolation of emission rates from the limited field measurements for wetland types based on the simplified
wetland classification.

Most important process driving carbon dynamics in natural ecosystem in Siberia is forest fire. Recent change in the
occurrence of wildfires in Siberia was investigated. During the period between last half of 1990s and 2010, region affected by
massive wildfires has expanded toward north. There are vagrant points of view about future prospects; some insist that higher
temperature will bring down the increase in wildfire incidence, but some are thinking that more precipitation will decrease
the incidence at high latitudes. Recently observed tree mortality due to insect outbreak and excessive wetness is also
important factor, which should determine the wildfire recurrence. Forecast the future of wildfires in Siberia can be facilitated
by analysing degree and extent of the tree damage due to wetness after 2006 and insect outbreak in 2010 around Yakutsk and
by comparing with the past. On the other hand, the study aiming to accurately quantify the emission amount of green house
gases from wildfires is underway. Methane is the main target because of the high uncertainty in the current estimation.
GOSAT CO, and CH, data analysis can help reducing the uncertainty. Since first data release in the autumn of 2009,
problems in retrieval of GOSAT data have been solved one by one, and significant improvement was achieved recently.
Although the uncertainty of absolute value still remains, careful analysis revealed that the ratios of CO, and CH,
concentration reflect the concentration increase due to gas emissions from wildfires. Next step is the calculation of methane
emission ratios by combining the observation and model estimation of CO, concentration.
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West-Siberian methane flux observation database and methane emission map (version Bcb)

Shamil Maksyutov
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1 Introduction

Methane is important for the photochemistry of the atmosphere and is a greenhouse gas in the climatic system. In terms
of the direct potential of globa warming, methane exceeds CO, 39 times (over a period of 20 years) (Karol, 1996).

Therefore, the dynamics of its concentration in the atmosphere is taken into consideration in modern climatic models (see
Krupchatnikov et al, (2004) and references therein). In such models, the equation of the atmospheric transfer of methane
obligatorily includes in a certain form the term describing the surface source of CH,. Among all possible sources of

methane, the principal role belongs to mires. The flux of CH, from all mires of the world is, according to various authors,

from 92 to 110 Tg/year. About 60% of global emission from swamps is from within the zone from 50°to 70° N. The
contribution of swamps to global emission from the territory of the former USSR is 11 Tg/year (i. e., 19-20% of the whole
CH, flux from the country’s territory). It is assumed that the mires of Western Siberia contribute almost 1/3 of the CH, flux

from all mires of the country. However, the estimations available today cannot be considered reliable. At present, among all
the regions of Russia, Western Siberia is leading the way in the quantity of experimental data on the methane flux from
mires. However, even in this, best studied, region the estimations of annual CH, emission differ greatly between studies.

The aim of the cycle of our recent investigations is the verification of the regional estimation of methane emission from the
territory of Western Siberia. The present study is aimed at the value estimation of specific fluxes of methane characteristic
for Western Siberia and at the unification of diverse information on emissions within the emission inventory.

2. Emission inventory

2.1 The concept of the emission inventory

The modern approaches to determining the output of natural methane sources based on solution methods of either direct
or inverse tasks of mathematical modeling (Bousguet et al, 2006). The conclusion is made that in both cases even a very
approximate estimation of geographic distribution of emission is useful.

We suggest the following estimation (obtained on the basis of monitoring data for the typica methane producing
ecosystems of all natural zones of Western Siberia) and construct the emission inventory. It comprises tree principal
elements (for each natural zone):

(1) duration of the periods of methane emission (DPME);
(2) the area of various types of mires and the ratio of micro-landscapes in them;
(3) the set of distributions of densities of probabilities in specific methane fluxesin typical ecosystems of the zone.

The emission inventory is continuously improving with the appearance of new monitoring data. For convenience, it was
suggested to designate the versions of the emission inventory with a three digit code in which the first digit (a capital letter
of the Latin alphabet) determines the type of model and corresponds to the accepted in this model set of DPME; the second
digit (a lowercase letter of the Latin alphabet, a class of the model) isa set of areas of various types of mires and the ratio of
elements of micro-landscapes in them; the third one (a digit, the series of the model) is the system of statistical
characteristics of typical specific fluxes.

2.2 The history of creation and development of the emission inventory
In detail, the methodic and methodological grounds of emission inventory up to and including the version Aa3 are
described in (Glagolev, 2008). In class “& models, the lowest spatial units were swamp districts discerned according to

(Liss, et a, 2001) (thus the average area of a spatial unit was on the order of 100000 kmz). The distribution of six classes of
characteristic ecosystems (frozen hillocks, ridges and high bogs, intraswamp lakes, oligotrophic hollows, mesotrophic and
eutrophic fens) by the types of swamp complexes for different natural zones in these models was taken from (Peregon et a,
2005, 2008). The transition to class “b” models was made princi Eally on the basis of the study (Peregon et al, 2008): the

mean areas of a spatial unit decreased approximately to 1400 km and the quantity of typical ecosystems was increased to
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eight as “ridges’ and “ryams’ (ryam— oligotrophic bog) were discerned separately from the previousdly single class “ridges
and ryams’, as a hew “floating mats” class was introduced. In brief, model Ab4 isdescribed in (Glagolev et al, 2009).

To this point only a part of experimental data, on the basis of which the emission inventory was constructed, has been
published: the data on methane emission in forest tundra (Glagolev et a, 2009), in north taiga (Kazantsev et a, 2009), and
some data on middle taiga (Glagolev et al, 2008).

In version Bc5 not only a new set of experimental data is taken into consideration but aso the following important
changes are introduced in comparison with previous versions:

—more precise dates of the beginning and the end of the summer-autumn period in natural zones of Western Siberia are
introduced (after Rikhter, (1963));

—the natural zone boundaries of Western Siberia are made more precise (after Gvozdetskii et al, 1973, Liss et al, 2001);

—the emission of methane from swampy habitats in the steppe zone is taken into consideration;

—actual data for the tundra zone of Western Siberia are used (previously, in the emission inventory the results obtained
in the tundra of Arctic Urals were used).

2.3 Methods

All principal key sites where the experimental data were obtained for the emission inventory are shown in Fig. 1. In the
subtaiga zone, the work was done in “Tarmany” (no. 22), “Muldashi” (no. 23), “Obskoe” (no. 8), “Tagan” (no. 27), and
“Baturino” (no. 28) sites (Table 1). Measurements of emission were made by the static chambers method during summer—
autumn periods of 2003-2009. The techniques of these and accompanying measurements are described in detail in
(Glagolev et a, 2008).

Theregiona flux (F, TgC—CHy/year) in the model was calculated by the equation

I n m
F= ,Bkz—%) Fe Fk:izi ficSik Tk ; fik:jZ_;L (@5 - xige)s
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where B is the coefficient of recalculation of milligrams into teragrams (8 = 10 ); F, (mg C— CH Jyear) is the flux of
methane from k-th natural zone (k =1, 2, ..., |, 1 =8: k= 1 isthe steppe, k = 2 isthe forest steppe, k = 3 issubtaiga, k =4 is
southern taiga, k = 5 is middle taiga, k = 6 is northern taiga, k = 7 is the forest tundra, k = 8 is the tundra); f, (mg C-CH,

-2 -
m h ) is the specific flux of methane from mire complexes of the i-th type in the k-th natural zone (i =2, ..., n,n = 20

according to typology suggested by E.A. Romanova as described in (Peregon et al, 2008)); S, (m2) is the area of mire
complexes of the ith type in the kth natural zone (the areas were calculated by means of the electronic map of Western
Siberia swamp complexes (Peregon et al, 2008)); T, (h/year) is the period of emission of methane in the k-th natural zone
(tundra—2424, forest tundra—2832, northern taiga—3240, middle taiga—3912, southern taiga—4056, subtaiga—4392,
forest steppe—4704, steppe—5112; such choice is substantiated, e. g., in (Glagolev, 2008));

Ok is a part of the landscape of the jth kind (j = 1, 2, ..., m, m = 8; j = 1—floating mats, j =2—fro zen hillocks, j =
3—ridges, j = 4—oligotrophic hol lows, j = 5—mesotrophic fens, j = 6—eutrophic fens, j = 7—intraswamp lakes, j =
8—ryams) on mires of the ith type in the kth natural zone (numerical values are taken from (Peregon et al, 2008));

Py is the specific flux of methane from a microlandscape of the j th kind in the k th natural zone (the values of P, ae
obtained by statistical modeling in accordance with empiric distribution of probabilities using the method of reverse
transformation (Harbaugh, 1970)).

The densities of probabilities were constructed by the method of “histograms with intervals of equal probability” with
further spline approximation. Estimation of a potential scattering of the regional emission values was made by the Monte
Carlo method.
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Fig. 1. Measurements of methane emission for the emission inventory of the regional flux Bc5. |, Key sites: 1 Tazovskii,
2 Novyi Urengoi, 3 Pangody, 4 PangodyKhasyrei, 5 Purpe, 6 NoyabrskPalsa, 7 Noyabrsk GMOK, 8 Obskoe (O.), 9
NoyabrskDenna, 10 NoyabrskKholmy, 11 Ortyagun, 12 Mukhrino, 13 ShapshaChistoe, 14 Lempino, 15 Poikovskii, 16
Surgut, 17 Agan, 18 Vakh, 19 Damyanka, 20 Tobolsk, 21 Kachipovo, 22 Tramany (T.Tar.), 23 Muldashi (T.Tu.), 24
Panikov Mokh, 25 Belyi Yar, 26 Plotnikovo, 27 Tagan, 28 Batyrino (Bat.), 29 Kuznetskii Ryam, 30 Nikolaevka; II,
Boundaries of botanicalgeographic subzones: arctic tundra (AT), typical tundra (TT), southern tundra (ST), forest tundra
(FT), north taiga (NTa), middle taiga (MTa), southern taiga (STa), subtaiga (SubTa), forest steppe (FS), steppe (S); I,
prevalence of oligotrophic bogs

3. Results and discussion

According to the typological map of mires of the fens make up 57.7%, high bogs 28.1%, ridges 6.9%, Western
Siberian plain by Romanova (Peregon et a, 2005), in the oligotrophic hollows 5.2%, mesotrophic fens 1.1%, subtaiga zone,
ten types of mire complexes may be dislakes and floating mats 0.5% of the total area of cerned. Generally, summing up the
elements of subtaiga mires. g type; 1V, prevalence of mesotrophic fen type; V, prevalence of eutrophic fen type. Major
measurement results of methane emission in some typical microlandscapes are shown in Table 2. On the basis of these and
previously made measurements (Glagolev and Lapshina, 2008), the distributions of densities of probabilities of specific

24



methane fluxes were constructed for oligotrophic hollows, mesotrophic and eutrophic fens (Fig. 2). Bimodality of
distribution for oligotrophic hollows of ridge-hollow complexes (RHCs) may depend on different hydrological conditions of
small pool and large pool RHCs (in the former, on average, the water level is lower and thus the conditions for the
formation of CH,, are not so favorable as in the latter; therefore, the left peak of distribution should correspond to pools of

small pool RHCs and the right peak to large pool RHCs).

Unfortunately, since the information on methane emission in typical ecosystems of subtaiga is still inadequate, for the
construction of densities of probabilities of CH, fluxes in other micro-landscapes we have to use some additional
simplifying assumptions in the emission inventory. The measurement results of emission in ridges of subtaiga are combined
with those for southern taiga (the same is done for intraswamp lakes), for high bogs and floating mats the char acteristic
fluxes are assumed to be equal to the corresponding fluxes in southern taiga. On the basis of the aforementioned
distributions and the structure of swamp complexes the emission inventory Bc5 gives the value of annual emission for this
zoneto be 0.8 + 0.6 MtC—CH, (5.2 + 3.0 MtC-CH, for all Western Siberia). It may seem that the emission inventory gives

only the recent geographic section of the emission of meth ane and gives no possibility to compose its prognosis under the
conditions of changing climate. Actually, thisis not a basic but arather technical limitation which may be omitted at present.
There are studies both on prognostication of local ecosystem transformations and on modeling of displacement of natural
zones at a possible climatic change. Thus, prediction of CH, emission on the basis of the emission inventory would become

possible at its combination with the corresponding bioclimatic models. For the use of the emission inventory in combination
with modern bioclimatic models it is necessary to envisage a possibility of description of the seasonal distribution of CH,

emission (as often the time step in models is assumed to be less than one year, e. g., one month). Therefore, in Bc5 the
linear relationship between emission and temperature of the previous month is assumed (if it is positive, failing that, the
emission is assumed to be zero). Generally, the direct proportiondity of the CH, flux to temperature has repeatedly been

found previoudly (Christensen, 1993). The suggested monthly lag in this relationship may have a physical sense. Indeed, the
bulk of microbes methanogenes is situated not in the surface (aerobic) soil layer but in a deeper anaerobic layer. Thus, the
study (Glagolev, 1998) demonstrated that in Bakcharskoe mire (a part of Great Vasyugan mire) the maximum of actua
methanogenic activity is attained at the depth of 2030 m and then slowly decreases. From soil physics, it is known that, at
harmonic (with the amplitude A and the radial frequency w) change of temperature (T) with time (t) on the soil surface T(t)
=T + Asin(wt), at the depth z the temperature would change according to the law T(z, t) = T, + Aexp(-z/d)sin(wt — z/d),

0.5
where T_, is the mean temperature; d = [2L/C ,w)] ; and L and C are the coefficient of thermal conductivity and heat

capacity per unit volume of soil, respectively. Thus, it is evident that the temperature wave reaches the depth of the
metanogenic layer after a considerable time (thus explaining the necessity to take lagging into consideration) and short
periodic fluctuations of temperature on the surface are not reflected the temperature in this layer (thus explaining the
necessity of monthly averaging). Thus, while work with laboratory samples reveal a clear relationship between the current
methane emission and the current temperature values, under natural conditions arela tionship between the average values of
temperature and lagging in time should take place. It should be noted that at the assumed “relationship with monthly
lagging” the experimental data may be sufficiently well described, including a phenomenon of temperature hysteresis of
emission described in (Glagolev, 2002). The gridded data are presented in the dbf file compatible with GIS software
(Arcview and Mapinfo). Thefileis created using the method described above and gridded map data by Peregon et a (2008).
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Table 1. General characteristic of the investigation

Key site Points of mea- | Coordi- General characteristic
surement nates
“Tagan” Tal 56.4° N, | Peat deposit near Tomsk city situated in the valley of the Chernava River, a left
84.8°E | bank tributary of the Tom. In this territory eutrophic pine and pine-birch forest
prevail. In the herb storey the dominants are: Calamagrostis sp., Comarum palus-
tre, Menyahighes trifoliate, Athyrium foix-femina, Dryopteris cartusiana, Thelypi-
eris palustris, Carex sp., and green mosses { Pleurozium schreberi, Aulacomnium
palustre, Plagicomnium ellipticum, Tomentypnum nitens, and Helodium blandowii).
“Obskoe” 01, 03, 56.6° N, | The key site is a terrace swampy tract of complex structure extending along the left
05.1,05.2, 84.1° E* |bank of the Ob. Closer to the second above-floodplain terrace in places of termina-
05.3.1,05.3.2 tion of rich carbonate waters the dominant situations are: open sedge-Hypnum
05.4.1,054.2 mires (Carex diandra, C. chordowhiza, Drelanocladus aduncus, D. sendmeri, Bryum
05.5.1,05.5.2 pseudoriguerrum) [ 18]. Near the floodplain they are changed into the oriented het-
erotrophic string-flark complexes with birch ( Betula pubescens)y and fern { Telypteris
palusirisy on strings and sedge- Hypnum mires. Along the floodplain there is a
stretch of birch-Calamagrostis purpurea and birch-spruce (Picea obovata). Mea-
surements were made near Melnikovo settlement on a stretch of eutrophic birch-
Calamagrostis sogra {sogra—minerotrophic wooded herb-moss swamp).
“Tarmany” | TTarFen.1.1, |57.4° N, | Tarman lake-swamp tract situated 25 km northwest of Tvumen on the left bank
TTarFen.l.2, [654°E |terrace of the Tura River. The swamp complex is formed due to paludification of
TTarFen.2.1, a large lake, as indicated by its round form and presence of sapropel. At present,
TTarFen.2.2 the vegetation is represented by eutrophic willow ( Salix cinerea) and willow -
sedge (Carex diandra) quaking mats. In the central part, the structure of this
tract is complicated by birch strings.
“Baturino™ | Batl, 55.8° N, | Swamp tract on the territory of Tomsk region with prevalence of eutrophic
Bat2.d, Bat2.u, | 83.5°E | swamps. For the description and further references see [11]. Still, measure-
Bat3.d, Bat3.u ments are made on a small ofigotrophic site near the lake.
“Muldashy™ | TTu.L.-1, 57" N, The key site issituated 30 km southeast of Tyumen and is part of the left bank of the
TTu.L.-2, 66° E Pyshma River, itself a left bank tributary of the Tura. The territory is characterized
TTu.L.-3, by high paludification and prevailing eutrophic swamp tracts with birch ( Berula
TTu.Ca.-1, pubescens) in the arboreal storey. Small areas are occupied by mesoiraphic sedge-
TTu.Er-1 Sphagnum (Carex lasiocarpa) and cotton sedge-Sphagnum ( Eriophorum vagina-

fum) swamps where the measurements were made. In addition, investigations of
water courses were also made on overgrowing oxbow lakes of the Duvan River.
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Table 2. Methane emission

location temp emission CH‘}l
. .y | (mgC-m“-hour™)
pint date - swl | vegetation
latitude | longitude ar Soil depth h (cm) mean STD
9 0] 5] 15 ] 45
Mesotrophic wetlands
T.TuCa-1 57.02202 | 66.05367 | 08.08.07 | 17.3 | 18.1| 184 | 165|139 | O Cars, Com 17.16 | 1255
T.Tu.Ca-1 57.02202 | 66.05367 | 08.08.07 | 17.3|18.1|184| 165|139 | O Cars, Com 5.68 0.11
T.Tu.Er.-1 57.08693 | 65.98662 | 08.08.07 | 13.4 | 144 | 16,6 | 16.3 | 13.1| 8 Eri 1.45 0.14
T.Tu.Er.-1 57.08693 | 65.98662 | 08.08.07 | 13.4 | 14.4 | 166 | 16.3 | 13.1 | 7.5 Eri 0.18 0.52
Eutrophic wetlands
01 03.0803| nd | nd | nd | nd | nd | nd | Bet, Phr,Cars | 16.65 2.39
01 03.0803| nd | nd | nd | nd | nd | nd | Bet, Phr,Cars | 19.57 0.77
o1 56.5515 | 84.0873 | 23.07.04 | nd | 18.0 | 17.2 | 17.0 | 16.5 | n.d | Bet, Phr, Cars | 15.75 1.75
0Ol 01.08.05 | 25.4 | 20.3 | 19.8 | 19.8 | 18.6 | n.d | Bet, Phr, Cars | 14.01 1.19
0Ol 10.08.05 | 16.4 | 15.8 | 16.0 | 16.8 | 17.9 | n.d | Bet, Phr, Cars 5.79 1.19
03 03.0803| nd | nd | nd | nd | nd | nd | Bet, Phr, Cars 13.1 0.76
03 03.0803| nd | nd | nd | nd | nd | nd | Bet, Phr, Cars 16.3 1.04
03 56.5516 | 84.1087 01.08.05 | 26.3 | 20.6 | 19.8 | 19.7 | 18.4 | nd | Bet, Phr, Cars | 18.59 1.46
03 10.08.05 | 16.4 | 15.8 | 16.0 | 16.8 | 17.9 | n.d | Bet, Phr, Cars | 16.16 0.48
05.1 14.07.07 | nd | 189|182 | 17.1| 145 | n.d | Bet, Cal, Cars | 19.58 1.63
05.2 14.07.07 | nd | 189|182 | 17.1 | 145 | nd | Bet, Cal, Cars | 20.72 2.21
05.3.1 14.07.07 | nd | 21.0|19.0| 170 | 144 | nd | Bet, Cal, Cars | 16.57 1.38
05.3.2 500 mfromOl and | 14.07.07 | nd | 220|194 | 17.0 | 144 | nd | Bet, Cal, Cars 9.25 0.77
054.1 03 14.07.07 | nd | 220|194 | 17.0 | 144 | nd | Bet, Cal, Cars 8.82 1.50
054.2 14.07.07 | nd | 22.7 | 20.2 | 17.0 | 144 | nd | Bet, Cal, Cars 6.44 153
05.5.1 14.07.07 | nd | 214|205 | 17.4 | 144 | n.d | Bet, Cal, Cars | 18.10 151
05.5.2 14.07.07 | nd | 214|205 | 17.6 | 144 | nd | Bet, Cal, Cars | 22.84 3.46
T.Tar.Fen.1.1 07.09.08 | 16.3 | 11.5| 10.7 | 10.4 | 10.8 | -3 | Sal, Cap, Cac 3.59 0.47
T.Tar.Fen.1.1 07.09.08 | 16.3 | 11.5| 10.7 | 10.4 | 10.8 | -3 | Sal, Cap, Cac 3.44 0.49
T.Tar.Fen.1.1 07.09.08 | 16.3 | 11.5| 10.7 | 10.4 | 108 | -4 | Sal, Cap, Cac 1.26 0.04
T.Tar.Fen.1.2 57.38442 | 65.43055 07.00.08 | 155 | 115|111 | 10.2| 10.7 | -3 | Sal, Cap, Cac 1.78 0.06
T.Tar.Fen.1.2 07.09.08 | 155 | 115|111 | 10.2| 10.7| -5 | Sal, Cap, Cac 2.26 0.17
T.Tar.Fen.1.2 07.09.08 | 155 | 115|111 | 10.2| 10.7| -6 | Sal, Cap, Cac 2.52 0.13
T.Tar.Fen.2.1 08.09.08 | 15.7 | 139 | 12.8| 109 | 10.6 | 8 | Sal, Car, Com 1.15 0.07
T.Tar.Fen.2.1 08.09.08 | 15.7 | 139 | 12.8| 109 | 10.6 | 6 | Sal, Car, Com 1.21 0.05
T.Tar.Fen.2.1 08.09.08 | 15.7 | 139 | 12.8| 109 | 10.6 | 5 | Sal, Car, Com 1.62 0.09
T.Tar.Fen.2.2 57.37238 | 6540948 08.09.08 | 18.2 | 15.7 | 14.0| 109 | 105| 7 | Sal, Car, Com 3.46 0.14
T.Tar.Fen.2.2 08.09.08 | 18.2 | 15.7 | 14.0| 109 | 105| 5 | Sal, Car, Com 2.47 0.12
T.Tar.Fen.2.2 08.09.08 | 18.2 | 15.7 | 14.0| 109 | 105| 6 | Sal, Car, Com 1.30 0.08
Tal 30.06.09 | 19.8 | 16.2 | 13.3| 119 | 100 | 3 Bet, Cal, Ath 2.34 0.09
Tal 30.06.09 | 19.8 | 16.2 | 13.3| 119|100 | 5 Bet, Cal, Ath 0.00 0.01
Tal 30.06.09 | 19.8 | 16.2 | 13.3| 119|100 | 3 Bet, Cal, Ath 0.53 0.03
Tal 30.06.09 | 19.8|16.2 | 13.3| 119 |100| 5 Bet, Cal, Ath 0.79 0.09
Tal 30.06.09 | 17.0| 156 | 134 | 11.8 | 100 | 4 Bet, Cal, Ath 0.08 0.05
Tal 30.06.09 | 17.0| 156 | 134|118 | 100| 5 Bet, Cal, Ath 0.56 0.04
Tal 30.06.09 | 17.0| 156 | 134 | 118|100 | 5 Bet, Cal, Ath 0.39 0.05
Tal 30.06.09 | 17.0| 156 | 134 | 118|100 | 4 Bet, Cal, Ath 0.05 0.06
Tal 56.35312 | 84.79995 | 30.06.09 | 149 | 149 | 134|118 | 100 | 5 Bet, Cal, Ath 0.03 0.05
Tal 30.06.09 | 149|149 | 134|118 | 100| 4 Bet, Cal, Ath 1.33 0.33
Tal 30.06.09 | 149|149 |134|118|100| O Bet, Cal, Ath -0.01 0.01
Tal 30.06.09 | 149|149 | 134|118 |100| 3 Bet, Cal, Ath 0.81 0.06
Tal 30.06.09 | 145|146 | 134|119 | 100 | 6 Bet, Cal, Ath 0.45 0.62
Tal 30.06.09 | 145|146 | 134 | 119|100 | 3 Bet, Cal, Ath 2.10 0.08
Tal 30.06.09 | 145|146 | 134|119 |100| 6 Bet, Cal, Ath 0.02 0.07
Tal 30.06.09 | 145|146 | 134 | 119|100 | 2 Bet, Cal, Ath 181 0.14
Tal 30.06.09 | 144 | 143 | 13.3| 119|100 | 3 Bet, Cal, Ath 0.24 0.17
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Tal 30.06.09 | 144 | 143 | 13.3| 11.9| 10.0 | 11 | Bet, Cal, Ath 1.21 0.26

Tal 30.06.09 | 144 | 143 | 13.3| 11.9| 10.0 | 11 | Bet, Cal, Ath 4.86 1.94

Tal 30.06.09 | 144 | 143 | 133| 119|100 | 6 Bet, Cal, Ath 0.51 0.23
In-wetland lakes

T.TulL.-1? 57.00623 | 66.07278 | 08.08.07 | 17.5| 19.8 | 19.9 | 18.7 | 16.2 | -35 212.34 | 43.23

T.TuL.-2? 57.00627 | 66.07262 | 08.08.07 | 17.5| 19.8 | 19.9 | 18.7 | 16.2 | -25 - 39.30 1.59

T.TuL.-3? 57.00632 | 66.07233 | 08.08.07 | 185 | 19.5| 186 | 17.7 | 15.3 | -20 84.64 3.59

Y Athyrium filix-femina - Ath, Betula pubescens - Bet, Calamagrostis sp. — Cal, Calla palustris - Cap, Calliergon
cardifolium - Cac, Carex rostrata - Car, Carex sp. - Cars, Comarum palustris - Com, Eriophorum sp. — Eri, Phragmites
australis — Phr, Salix cinerea — Sal.
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Estimation of West Siberian methane flux:
Evaluation of methane emissions from West Siberian wetlands
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1 Introduction

Atmospheric methane (CHy), a potent greenhouse gas following carbon dioxide, has been increasing again after the steady
state of its growth rate with near zero during 2000-2006 and its large increase was observed globally in 2007, especially at
polar northern latitudes. The causes of the 2007 increase are still uncertain, but wetland CH, emissions enhanced by very
high temperatures in the northern regions and greater than average precipitation in the tropics is being designated as one of
potential contributors (Dlugokencky et al. 2009, Bloom et al. 2010). The CH, emissions from wetlands is the largest single
source of CH, (92-237 Tglyear; IPCC 2001) and plays an important role in the year-to-year variation of global CH, budget
(Bousquet et al. 2006). The CH,4 production from anaerobic bacterial decomposition in wetlands depends highly on soil
temperature and water table (Walter et al. 2001a) and the climate-induced changes of the wetland emissions have been
investigated (e.g. Walter et al. 2001b, Shindell et al. 2004). The CH, emissions from wetlands have been estimated, but their
global distribution and magnitudes are still largely uncertain.

Matthews and Fung (1987) published a global 1° resolution database of simplified five major wetland types, compiling the
three independent data on vegetation, soil properties and fractional inundation. The total CH, emissions from the derived
global wetlands of ~5.3x10™ m? was estimated to be ~110 Tg/yr using the typical emission rates for the five wetland types
based on the limited field measurements and a simple assumption about the period of the CH, production season with
latitudinal bands. Another global distribution of wetlands with a 2.5° latitude by 5° longitude grid was published by
Aselmann and Crutzen (1989), compiling the published information and various map for simplified six wetland types. From
the derived global wetland area of ~5.7x 10" m?, the global CH, emissions of 40-160 Tg/yr was estimated using geometric
mean of the measured emission rates for each wetland type and the emission periods determined by temperatures or
inundation. In Aselmann and Crutzen (1989), about three times smaller emissions was estimated for latitudes 50°N-70°N as
compared with Matthews and Fung (1987), but larger emissions for the southern tropics. These previous studies show that
the global wetland distribution due to different classification of wetland types and the spatio-temporal extrapolation of
emission rates from the limited field measurements for typical wetland types are one of contributors to large uncertainties in
wetland emission estimates.

The largest wetland area lies in West Siberia, which is equivalent to 27% (6.85x10™ m? of the area of West Siberia
(Peregon et al., 2008). The extensive West Siberian wetlands with 40% of the global deposits (Walter, 1977) mainly
determines the seasonal cycle of West Siberian CH, and plays an important role in global carbon cycle as a large carbon sink
and a major natural source of atmospheric CH, (Smith et al. 2004). The large amounts of soil carbon deposited in permafrost
may be released under warm climate. Anisimov (2007) reported that the annual net CH, flux from Russian permafrost
regions may increase by 6-8 Tg/yr in 2050 depending on GFDL future climatic scenario, of which 2.2-3.3 Tg/yr come from
West Siberia. It has been recognized the significance of West Siberian wetlands on the global cycle, but the understanding of
the CH,4 emission magnitude from West Siberian wetlands and its spatio-temporal distribution is not enough. Recently,
Glagolev et al. (2010) published the CH, emission data from West Siberian wetlands at 0.5° resolution, using in situ
measurements for each bioclimatic zone and a detailed wetland classification. In their updated version, the estimated CH,4
emission from West Siberian wetlands of 3.3 Tg/yr is small with its different north-south gradient as compared with the
estimates in Fung et al. (1991) which are improved in bog emissions than Matthews and Fung (1987).
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In this study, we estimate West Siberian CH, flux through inverse modeling with the updated CH, emission from West
Siberian wetlands and understand the seasonal cycle of West Siberian CH, flux. Inverse modeling called a top-bottom
approach has been introduced as a tool for evaluating and refining emission estimates using atmospheric CH, measurements.
Two airborne measurements of CH, over West Siberia are used in this inverse modeling. To evaluate the updated wetland
emission of Glagolev et al. (2010), the inversions are performed with different wetland emissions.

2 Inverse modeling of CH,4 with the updated emissions from West Siberian wetlands

2.1 Inverse modeling

We use a time-dependent Bayesian inversion applied in Transcom 3 experiment which assesses the influence of different
transport algorithms on CO, inversion (Gurney et al, 2004). The Bayesian inversion minimizes the difference between
modeled concentrations GF (G represents green function) and observed concentrations x and between predicted flux
magnitudes F and their prior flux magnitudes F, using singular value decomposition (SVD). A cost function J is defined as

J = 3 [(GF =) TC (GF — %) + (F = Fo) TCr . (F — Fy)] "

where C, and Crpare covariance matrixes for observations and prior flux estimates, respectively. In this study, we invert a
seasonal cycle for monthly observations to optimize monthly flux magnitudes per 12 land regions per two flux categories for
a single year. The individual CH, surface sources are classified into two flux categories: anthropogenic sources from fossil
fuel, waste treatment and ruminant animals and natural sources from biomass burning, wetlands, rice paddies, termites, and
soils.

In forward simulations, the individual monthly CH, surface sources for each region are emitted for a single month then
discontinued for the remainder of the 6-year simulation to consider the response of atmospheric CH,, using interannually
repeating OH and winds for the analysis year. The NIES transport model (Maksyutov and Inoue, 2000) simulates a total of
288 tracers for CHy, representing a combination of 12 land regions (Fig.1) and 12 months for two source categories. The
off-line model has 2.5° x2.5° horizontal resolution and 15 vertical layers up to 20km in altitude and is forced by the 12
hourly National Centers for Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR) reanalysis
data (Kalnay et al., 1996) with semi-lagrangian transport algorithm. Chemial destruction of CH4 by OH which is the main
CHg, sink is included in forward simulations, not considering stratospheric sink. We use monthly OH fields predicted by
CHASER (Chemical AGCM for Study of Atmospheric Environment and Radiative forcing) (Sudo et al., 2002) which is
developed to simulate the tropospheric photochemistry involving the Os-HO,-CH,-CO photochemical system and oxidation
of non-methane hydrocarbons, based on an atmospheric general circulation model (AGCM). The mean lifetime of the
tropospheric CH, predicted in forward simulations is 9.7 years which is very close to the recommended value of 9.6 years in
IPCC 3" report (2001). We use temporal and spatial distributions from the Emission Database for Global Atmospheric
Research (EDGAR) inventory (Oliver and Berdowski, 2001) for anthropogenic flux and Goddard Institute for Space Studies
(GISS) inventory (Fung et al., 1991) for natural fluxes with individual flux magnitudes presented in Patra et al. (2009).

We invert monthly mean observations in 2002-2007 at 59 sites taken from GLOBALVIEW-CH,4 which is a product of the
Cooperative Atmospheric Data Integration Project collecting weekly atmospheric observations by NOAA’s Earth System
Research Laboratory (NOAA/ESRL): 52 surface-level sites and 7 vertical profiles (Fig. 1) which are chosen where the data
records are at least 70% complete in 2002-2007. Two vertical profiles of airborne measurements over West Siberia are added
as observation constraints on flux estimates, which are performed at eight levels (500, 1000, 1500, 2000, 3000, 4000, 5500,
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7000 m) once a month at Surgut and Novosibirsk under good weather. The monthly mean in 1993-2007 at Surgut and
1997-2007 at Novosibirsk are used respectively. The discrete-level concentrations of the vertical profile are converted to a
partial-column concentration up to 4000 m, assuming that each level concentration represents a column concentration having
1000 m thickness centered at each level. The uncertainties of surface-level data are taken from the residual standard deviation
(RSD) of GLOBALVIEW-CHj,, but for partial-column data the weighted mean of RSD for each level are used as data
uncertainties. A minimum of the data uncertainty is set to 6 ppb to avoid strong effect of one site. Prior flux estimates are
identical to the flux magnitudes used in forward simulations and the prior flux uncertainties are 30% for anthropogenic
sources and 50% for natural sources, but 30% for natural winter sources.
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Figure 1. Map of 12 land regions and location of observation sites taken from GLOBALVIEW in this study. Black circles
and triangles, 61 observation sites of atmospheric CH, at surface and vertical profiles, respectively. Two sites of Surgut and
Novosibirsk are located in West Siberia (red area).

2.2 Updated CH,4 emissions from West Siberian wetlands

Glagolev et al. (2010) calculated the CH, emission data from West Siberian wetlands at 0.5° resolution using a statistical
emission model based on in situ measurements for eight bioclimatic zones covering the whole West Siberia and twenty
wetland types of Peregon et al. (2008). Measurements of CH, flux from West Siberian wetlands were performed by a static
chamber method at 30 sites during summer-autumn of 2003-2009 and their location is shown in Fig. 2 with the spatial
distribution of bioclimatic zones and major wetland types.

The CH,4 emission from West Siberian wetlands is estimated to be 3.3 Tg/yr in the updated version (Bc7), with strong CH,4
fluxes in the south of 60°N (Fig. 3, Left). The wetland area in southern taiga and subtaiga zones where major wetland type of
eutrophic and mesotrophic fens is same with that for northern taiga zone where major wetland type of oligotrophic bogs. But
larger CH,4 emissions were estimated in southern West Siberia due to stronger CH, fluxes from eutrophic and mesotrophic
fens and this north-south gradient of wetland emissions is not shown in GISS inventory published in Fung et al. (1991) (Fig.
3, Right). In GISS inventory of wetland CH, emissions, the CH, emissions from West Siberian wetlands were estimated
using both emission seasons and emission rates for forested and nonforested bogs based on the climatology of monthly
surface air temperature and precipitation with a few CH, flux measurements based on the global wetland distribution of
Matthews and Fung (1987) and the total wetland CH, emissions of West Siberia of 5.3 Tg/yr was estimated. As compared
with the updated version (Bc7) of Glagolev et al. (2010), larger CH,4 emissions are shown in wetlands of northern taiga zones
in GISS inventory and it may be derived by larger wetland area of northern taiga zone due to the simplified wetland types in
Matthews and Fung (1987).
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Figure 2. Location of CH,4 flux measurements with bioclimatic zones (taken from Glagolev et al. (2010)). I, 30 measurement
sites; 11, bioclimatic zones of arctic tundra (AT), typical tundra (TT), southern tundra (ST), forest tundra (FT), northern taiga
(NTa), middle taiga (MTa), southern taiga (STa), subtaiga (SubTa), forest steppe (FS), steppe (S); IlI, prevalence of
oligotrophic bog type; IV, prevalence of mesotrophic fen type; V, prevalence of eutrophic fen type.
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Figure 3. Spatial distributions of wetland CH, emissions (g/m%day) for July in Bc7 and GISS inventories.
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3 Results

To evaluate the updated version of West Siberian wetland CH,4 emissions, we estimated West Siberian CH, flux with
different two West Siberian wetland emissions. EDGAR and GISS inventories of CH4 emissions are used as the prior flux in
one inversion (INV_GISS). Another inversion (INV_Bc7) uses the same prior flux with INV_GISS, but the updated
emissions for West Siberian wetland emissions. West Siberian CH,4 flux from anthropogenic and natural sources is estimated
with different data uncertainties of two sites, Surgut and Novosibirsk in West Siberia. Although the two inversions use
different prior fluxes in West Siberia, they estimate similar seasonal variations of West Siberian CH, fluxes with a peak in
Jun-Aug by observational constraints. The similar annul and seasonal fluxes estimated in two inversions suggest that this
inverse modeling is a robust method on flux estimates.

The annual mean CH, flux of West Siberia is estimated to be 7.3 + 1.5 Tg/yr in INV_Bc7, which is 81% of the prior flux.
The INV_GISS estimates the annual mean flux of 8.4 £ 2.3 Tgfyr, which is only 55% of the prior flux. Figure 4 shows the
estimated seasonal fluxes, prior fluxes, and uncertainties of West Siberia in INV_Bc7 and INV_GISS and the uncertainty
reduction of the prior flux is shown in 12 months for both two inversions. Great reduction in flux uncertainties is shown in
INV_GISS during May-Sep when wetland emission season by constraints of measurement data near wetlands and the
May-Sep inversed flux is decreased to 50% of the prior flux. The inversed flux of INV_Bc7 close to the prior flux and the
inversed flux of INV_GISS fallen off to about a half of the prior flux suggest that Bc7 inventory represents more reasonable
seasonal variation of wetland CH,4 emissions in West Siberia. At Surgut (61.0°N, 73.0°E) where more abundant wetland
emissions, the predicted summer CH, concentrations in INV_Bc?7 are close to observations, while higher CH, concentrations
are predicted in INV_GISS. Both two inversions predict the summer CH, concentrations close to observations at Novosibirsk
(55.0°N, 82.5°E) where near wetlands. These results suggest that larger CH, emissions are emitted from the southern West
Siberia than in the north of 60°N, indicating that the overestimated wetland emissions of northern taiga zone in GISS
emission inventory should be reduced.
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Figure 4. Seasonal variation in the prior and inversed CH, fluxes (Tg/yr) of West Siberia in INV_Bc7 and GISS. Black dots
and error bars, the prior flux and its uncertainty; red dots and error bars, the inversed flux and its uncertainty; red dotted lines,
the standard deviation of the inversed fluxes with different data uncertainties.

Although different wetland CH, emissions for West Siberia are used in INV_Bc7 and INV_GISS, similar seasonal
variation of West Siberian CH, fluxes with a peak in Jun-Aug are estimated in two inversions by observational constraints. A
difference between the annual CH, fluxes estimated in two inversions is smaller than the standard deviation of the inversed
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fluxes with different data uncertainties in both two inversions. These results show robust regional estimates of CH, sources
and sinks and suggest that the present inverse modeling is a robust method on regional CH, flux estimates.

4 Discussion and Conclusions

We estimated seasonal CH, fluxes of West Siberia with the updated wetland emissions of Glagolev et al. (2010) covering
the whole West Siberia. The annual mean flux is estimated to be 7.3 + 1.5 Tg/yr with a similar seasonal variation of the prior
flux. Unlike the inversion (INV_Bc7) with the updated wetland emissions estimated by in situ measurements of 30 sites and
the detailed wetland classification of 20 wetland types, the inversion with GISS wetland emissions estimated by a few
measurements for typical wetland types and the simplified wetland classification of five types shows the overestimated
wetland emissions of northern taiga zone with large difference between the prior and inversed fluxes. These results suggest
the significance of in situ measurements for various wetland types and the detailed wetland classification on the uncertainty
reduction of wetland emission modeling. In addition to the seasonal cycle of West Siberian CH, flux, we could see the
north-south gradient of wetland CH, emissions over West Siberia through evaluation of the updated wetland emissions using
inverse modeling; stronger wetland CH,4 emissions in the southern West Siberia.
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Figure 3.10. Lingar trend of seasonal MAM, JJA, SON and DJF temperature for 1979 o 2005 {°C per decade). Areas in grey have insufficient data to produce reliable trends.
The minimum number of years required to calculate a trend value is 18. A seasonal value is available if there are two valid monthly temperature anomaly values. The dataset
used was produced by NCDC from Smith and Reynolds (2005). Trends significant at the 5% level are indicated by white + marks,
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3.3

Figure 3.14. Precipitation for 1900 to 2005. The central map shows the annual mean trends (% per century). Areas in grey have insufficient data to produce reliable frends. The surrounding time series of annual
precipitation dispiayed (% of mean, with the mean given at fop for 1961 fo 1990) are for the named regions as indicated by the red arrows. The GHCN precipitation from NCDC was used for the annual green bars
and black for decadal variations (see Appendix 3.A), and for comparison the CRU decadal variations are in magenta. The range is +30 to -30% except for the twoAustralian paneis. The regions are a subset of those
defined in Table 11.1 (Section 11.1) and include: Central North America, Western North America, Alaska, Central America, Eastem North America, Mediterranean, Northem Europe, North Asia, East Asia, Central Asia,
Southeast Asia, Southern Asia, Northern Australia, Southern Australia, Eastem Africa, Westem Africa, Southern Africa, Southern South America, and the Amazon.
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Figure 15.4. Locations of Siberian lakes that have disappeared after

a three-decade period of rising soil and air temperatures (changes
registered from satellite imagery from early 1970s to 1997-2004), overlaid
on various permafrost types. The spatial pattern of lake disappearance
suggests that permafrost thawing has driven the observed losses. From
Smith et al., 2005. Reprinted with permission from AAAS.
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Figure 11.9. Temperature and precipitation changes over Asia from the MMD-A18 simuations. Top row: Annual mean, DJF and JUA temperature change between 1980 to
1999 and 2080 to 2099, averaged over 21 models. Middle row: same as top, but for fractional change in precipitation. Bottom row: number of models out of 21 that project
increases in precipitation.
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2. WHEOBATIRDL (WFFeHEER)
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YIROKEGE » AKCEFRITKT DIERE) (BT 2T — # SIS Skt T b, AT m Y =
I NCTHTICHRE LTV AT 4w Pk L X —D 7 F v 7 2BZ U —% T, ¥7—r 7 Lk
DOIERET — 2 PNEAFEE SN2, L X =377 —Y 7 I TERKED 3 ERREL <, Ml co
KR —HEEM DK « [REAHOBFRIC D DT — & 2l d 2 Z & T O BRI AT 720 T &
%, 2000 EDEFCBIT DY 7 —V 7 L L —TCOHET T » 7 ARUEENT T 7 AD N, /1N
HOIZ > YT,
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HTUEIEA b L RITKT D T~ Y MROIEFEOHWEDS, A% OMEE LTI TWD,

FREOIZOWTIX, 7T A, FH, Ak & odbEEREREEE COBMEENEL - /KIS DHE
REHER LN D, ST — 4 L ZOMIRFE R 2 AT L T BERND 5,
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W R T HATHRIZEBT HEEEARr—/VDIK - [RBEER
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KT RE AR IR

1 1FCHIZ

=T T g RO A TR X BERR R D20% LA B2 LD, BEROKUEY AT A~DFENRE N
b, ZOHIBIZ AT D R OEREICE DR & B 5 B B 5. e TH R T OFMIE,
B 7 L AEH200-300mm & D72\ K B DS T CORPNEEN I 10> 5 OKPEFER K72 B 2 bt T
0, KA O S D B RS A K TEBR 2 TR 5. Z OHUE COBTIRIBTZEIX 1990 B4
ICEHETHEDHNTEY, HINRU TOHMN,, &ITH TV EEERE LI-FHRITIIT DK - B - [RFATHD
FEEDSH OGN SN TE o, 72 & ZITEFOZAFOBMME, TR 7 7~ VRO SRR EE L 7= RE
IZHRED, 6ANG 7 RICNTTE—27 &2 d. IO RO BEEDNB L, B 7~ FREMMOZITIT
FOHENNd % (Tanaka et al., 2000 ; Ohta et al., 2001 ; Dolman et al., 2004) . ZHLOOHREENE LI
Y7 —> 7 LRFREORIRERE Ch 2 DK EDZNHR Y T D T < YR C b [REROZEIZ L Bl <
T 5 (Nakai et al., 2008, Schulze et al., 1999) —J5C, L) IJRFGEESLEH CIIAFRES DO FF5-53K
E LN TV BEFNIERADE KN 5D (Kubota et al., 2004) 72&, RUH T~ YR THETEERSCR
BIC Lo TR ERELZ RS, 72, L H RN OBIRRGEBIN T — % L REmTT V& W TH 20
HRIZ BN T, KREHRSE - KIFEROZERISERMEN A DD Z EAVREN TS (Paketd.2008) .

X 7= Z IR TR O 22T H Bk R & AP Wl Tdh 5 — 5T, BoKEN Y 7 —Y 7 &
0 ZVHIIZ W T, ZHE TITHE NI L D 2K - B - IRBEHADFHEN I DAL D DN E D v E HIZHHND
Z LT, BROEMSEEEZAOMNCT S 2 ENEETH D, T I TAITETIE, XY 7 OFMHug OB
MRELT, ¥ —Y 7 /SpaskayaPadt 7 AT~ /ElgediV A b THET D557 — 4 % VT, SrHiER
BEZ L O BRRDE « IK « [RFTEERD ED L DRI B EHOENITAHZ EZHIET 5.

F7o, BEEDORIR DR TOE « /K « [RFBINFIZHOWTCOREE A7 —/L COMRIE, BEAMS (Gl{Ex3),
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ZIE LTz, ETRKEODIWHBROGMKRE LTI (dskimfd 2, 460, 000km?) O HEEIAE T 5V
27— 77 Hifk X 0 ALV 20km OB & % SpasskayaPad 1 b (62° 157 18'N, 129° 14~ 29E), HulknY
B BEDZHIR O E LT AZ I (LD il 7 AF~YE§fE 60km @ Elgedi V1 b
(60° 00 56N, 133° 49~ 28'FE) #lthlklguiikl 35, WIHL b OB TH 528, BILOHIEHRC
°HL72 5. Spasskaya Pad |3 L AR 25 O] T Z B C & DB - _EISSTH LingJ 15> 5 15km (fEHE & B
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313 ZEIH, —LRFET T v 7 ADOREZE L

FRMEETE & K& COBINKIER & “BYLIRFED 7 T v 7 A (IERARERIZHE : NEE) OFHEiZ(LE P
T 2004-2007 FEDNHE L HEAER 4 & BT 4 1R, FR2ho BIEEARET 572012, KT
— X IIHHR] LCd 2. EG DIEMUH Bl % SP O L ONEHERZAZDIE L D $ FEIZ6-8 HIZBWTRE VD,
PEMRS R T F 0 D B2 IRREIOBE, EERMRLE T 72 b B ARHUCIHE Shvd. NEE X2 4@ L C,
EG TSP LY HREL.

NEE ZAERERIFFR & (ER) & ARERiArE R OLaRkic K DWINE : GPP) L IZ/0E L7 R 2 X 51T
GPP (22T 2010 4F-0> EG CTORIEfEIL SP Di £ 4 FDOZE D 5 B GPP DR E 7R4FRIZPLEd % — T, 2010
D EG D ER TSP COEIIBIZA-TND., ZOFfERLE LT, ERE GPPDZETHS NEEIZOWTIE, EG
N SP & BRIAWINEE 70> TG, R CRHA L7z BRI C ST, 2010 4F 59 A OfERAESS EG Tl
856tCha’, SPTiT4.12tCha’ (2004-2000 4557 TlE 39tChal) & 2150 “WbiRFERHAFH L7~

N
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4 BNCZIEE & TR BN O L X5 ARERIEMACHAE(NEE), #/ArEE(GPP),
L&Y, EMHEE Rn), BEVH), EELAE), ERER AEREAME & (BR) OZEiZS b, HREE & 20 H
1ERR CO, 225 (NEE : AN O B FAfE 7~ BT, AR EG, EHLH 2004-2007 D SP
ESIEG TO 2010 4EJIE, FEERIT SP T 2004 TOWEMEZRT.

2007 FFRAEDIE, =T — N — T RAE KT

32 SpasskayaPad TO/K « [RFEEER
Spasskaya Pad CTOBLHFZEIL 10 4FLL FIZB LY, 1 E TR L) ITERA 2AEAE LTV D23, B
MOBIIT —Z 2RI LT AE R r— VL L OSSN S % ORMETH 5. 2 2T, MBS ToARFER (321)
LBUERR T T v 7 A (B22) IZOWTORSRAZRET D, £z, Z0 104M & <IZ 2005 FHN LA LR
HRIRREDZALIZ O T b ifZICiik 7% (3.23).

321 HARDRFHA T — /I 52588 & & O SECER O 2B

1998-2007 FEOEHAIT —Z 1Tt U CIERERIT 21TV, ZRbRns b OZFEHL & KGR SCESR ORFH B R4
AT, ZRFEBCC RS, BT T o 7 A AEMOZEE A EB L, SRS ELA TR — 5o AJEW], i
ANTFEEADOEENIEE CThH-o7- (X 6). ZAFH L ZFOXREN & L CORGRIKLESE & OIZEEE (H
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FARE) (DWW [RRRDIT 24T o7 & 2 A, 736 E B & IX A OEE N E TT N TORHER A r—1
TEVWVHEBIZ R LIe— T, SIRSSKREAESA ST H B O 7 — T, K5y LITERBILL o 27
— LV CHBAR LN, SbIC Janvis a7 2 v 2870 (Javis, 1976) ZMA\WT, BEg=aL &7 202
LRSEHIN & OSBRI T2 & 25, KEEBEHTER — o ARG, BN KRR, Lo % L
TREE= 7 5 2 ADEB K& pkIE b0 2 Lo 7 (Yoshidaetdl., 2010).

322 PUIRET T v 7 ADFIEHE) & BRI ORISR
FRAEEE COARERIERRIRI S OFAEEN 5 5 AR 2B 5 20N2§ 5728, 2003-2008 400 SP THOHEZ
(6.-8 H) MO E 2572, 2004 >5 2007 FETHNMT ik, K OB &[RRI A RE R pE B GPP
DML TV 425, 2008, 9 4F 65| &k THOK I L T2 DICREH 5, GPP MK T L7z, 2008, 9
FITIIRGEIZED R E <, HOKHBHE R ShizEEZxbnhd (M7).
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323 FMAERERDZELL

BHAHLSOELAOFRMTIE, 2007 FEE LV FNRICH T~V T D HLNE Z > T\ 5. 2008-2010 4
\ZH U —JE0CTRIERODE A E L= L 25, 20084213 10m LA ED B T =Y 169 A1 15 ARDREFEA D T
220, 2000 AFITIE 2 AEIN, 2010 FRITIFZ bR L E WO FER CTh o7z, ZDH B 13 AN 15m Ll (9 H 5K
23 20m LA L) DHEIEATHD. £z, OIS TEMEM L TR S BRI H30 L T
ETCVDL T EMERINTEY, FEHAEPZ(LL TWDATREMD & 2.

4 B

4.1 FEIKERBED HL72 2 FRARD LLIGIFZEI DU N C ORFYE

2 MU OBRMEEE TN SNTZRBERB IO - K - [RET T v 7 ADWEE ZVE TIAT 720, 4
BIZZINDDT T v 7 ADENEZOFREHLMNIT D, ZOROICHERT 8L LT, TBARHIH
REZRKBEG D7 B A3 70 b K OBIER BT b D, EEOMS, MR E > T, WosFIH T
REZRAKDMIHA SIS Z LT XY, BIARITZER & NERE BT 5. BEFOARMIFHICHEI T3 2 R kiR & 1%
KRB =3, THOKG OB LR LB U THEIEENCEET 5 B2 5N5DT, TUHLOFMZ(LIZEB L
T, 29 A FOKEREEZ T 5.

— 5T, NAMERABBEDENDFRKE U TR, KOBREOENDIINCS, &, A, 4
RERMEN DERBEINE B e T BT NVD/RT A—R N0 D Z ERBZ HND. 2580 GRED 12OV T, v
2L T ADRRR Jarvis I X T R AET IV, AT OV T Farquhar (1980), Cowan (1977) 72 &
DETNEGETT 5. # UV—BIIINZ TEBEDZER, HAEREZRET 52 LT, FEHERT— NV EHEAr—
VDM T COBRBISEZ T 5 (SP YA b TIIEEEIZEN S 5 (FHiE 2008 ; Matsumoto et al. 2008 72 ).

F£7o, 2 MSOHRMHE ORI EOFT — 2 Rz 08NS 5. BIRFRTHRELN TS 2 94 T
DFBARET —Z 0, K, SIARBEE, WimfE/s & DT EC DM DIE ) ARIAREDKEWZ L AVRIE X
BN, YA N TOEBREELND S 2 VA hOEWEZHET 5. fET—¥ T LI AMATER LIYED
EWERTHLOL L TRHFTT 5. F£77, 1ETRZL 2202 %A FTIIEAFIHROTHE LI THhIL T\ 5
DT (GakA, ), HlgT —X D bREEDENESGDL Z LN TE .

42 EW7—2 %MWK « RFEGEER O RHIZENZ OV CORRE

Spasskaya Pad TOEMT—X 2T, KEER & < IZRFEICRET 2 BEWZA®) DUV TiL Ohta et al.
(2008) %> Yoshida et al. (2010) 72 EOBIFEAHED B, H —FHINAENZ OV CIIRERZES B 72 SRR
FOFENRKEX L, LY EHOEENZOWTCI BRSO ENRE N ERb> T, L, 1#E
KRG DFZEINZ DT, KRG EOHINI LTSRS I 2 8 & D3 2 8Ij723% 0 (Yoshida et al.,
2010), HENTOWTIL 3. 2.3 THRATZ L5 i D2 b b G, O D3 EFOBINT — & & =i
TNV THD.

I OWFFEUT AT, BREE & KK CO 3 biFEA B B3 2 F581% Dolman et al. (2004) 72 &3
HHIDD, T EIRNZ R, 3.2, 2 fi Tk~ 72 X 9 7R REBINIE H O/ ZHi 5B O R ECBR A
DN TOMEETED 5.

5 Bbhiz
B L ICEAREDRI D 2 A FTOREAr— L OBIHIEZ S L2, HI_U 7L DK - RE

TEEROFHE A BT 2 Z EANEDO BN TH L. Z DT, ORKEDOHINT 2 O (Elgedi)
TOZ T —BRIZFTAZBG L, BKED X0 DRV H O (Spasskaya Pad) & 2175 28 L, @
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Spasskaya pad CT? 10 4ELL EDOREMT— 2 ZFIH Li=K - [RFEIEER D EHIEE) & 2 0589 2 HWR A iR 42
Z L DOFIT 2 SOFFEIZHOWTHIZEEFT > TV 5.

DIZ2WT, 201040 Elgedi (23517 2BIHIFERIY, 18750 Spaskaya Pad & Hiz L C HR— X TOZAIEH T
R 15 5, “ERMURBWINTRK 2 HIET D Z btz X UMy CORBAFERDO K E IH
Elgedi TORKREI N &, THUKGEDRENWT L2 L, FEHMOBFMITIBNTK « IREFEMEERD L VIERTH S
T EMEZ DN T AT T 5.

@IZHONWT, WEK 10EDBIIT —Z NERB SN TV 5 Spaskaya Pad TlE, H A7 —/LinBAERr—/LL
| FE TOBEIEROLEE MR FRNSIH H OFEENZ BT D HRNTOWTH LN D Dod 5. 5%i%e
AZIRFBNCL DR % LN, IKIEER & IRFEIEER % 5 o TSR HU DO AR O BRI BN DU THFA BT
H5.
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2R T %y RTO 2010 A E /KB

RIS ACHEHRSE: SRRRIIRT
NI KT RFE AR IR

Roman Petorov Federd North-eastern University
1 IC®HIZ

FEEOIFEITHEE OBUN S 2 kX S B2 50T, MERBREA £ 2 2 FCHEAEZETH D, HED T L-—
RIIMOHER EOYVE & TR EL | b RERATRETH D ARORBE AT 5, £i2, FEEIFE
ADZEL G T-DITWERS & L TOMEDRKRE < FRIFEHHIZBWCOIFES FO 1 EOREICRKE <
BE5 25,

RY T DY 7= 7 FiITIEL 1996 FE B A E 572 GAME U 77 V= 7 b LISEEN KU OB T
bITHE0, BEFEOBRINET, BEOBRIN Th T e o7z, Mi—, Hashimoto et d, (1998) 73fh=S
OB ZAT S oM ETZARIN TR, XU TEFEOT 4 X TOBMITIE, FHENRZI N Lol s
TS, L s, MEHORBENDOEBEIIHE VKX ABRNEVIHELH D | BT L HE A
RENWEEBZ DD,

olt, ACRRAED Fe/ NEPKIEREDN D LT Z L IcfEo T, BEk Chikx 2B Z > T 5 (lijima &
d. 2010), FRCHE RO FS- [EEE O, AR OMEOHEMN/ & KIEROE b & ried
LHGENEL LI 5 TWD, TNLDLEATHERZO—>, BMEHROB, 2F 0, BEOMHE Y OISO
EORFEDNEHESN TS, Fio, TNHOREINE, BRBEKEOBNIEENEIEORR, 238021l
728 EIRTKIEBRIC K X 7Bk B2 T b L b,

Z T, ZOBETIE, BEEMR OIS HOREE O - KICEBIIT 5 Z LiIck - T, OF0ORHEEI S
2 L, @Hashimoto et d. 7% 1998 4RI 21T 7o BHHNE S & OV U Tt O KE 1 2 B 528 L, @B ORI
L S TME N D OFREORHREZA LN T HZ A HNET 5,

2 #H

B I~ IEFIE Y 27— 7 oAbk 20km D& ZAI2H 5, AL ARIEFZE T OBFZERR(62015° 18N,
129937°08"E, Ytk 220m) Tl 1572, ZIUTH U7 DL FHOHFEIRICALE S5, HIFEIZIFEA LT, BT~
DB C, ST =00 /870 8 ORI AT D, Z21% 1996 4F 8 A 2D 32m OFRMEE S BHHI &7 —
ZRIFALTBIIGHT B TS, T —IK 0D 50mx50m 7 1y MND AT ORI EIL18m, AL 840
ha'l, F§Z13 9 A P anss 5 H P HIE CIFEET D,

3 BINZEE

LU=t DF T~ VHRNT, LFO~ =27 /VElilla 201043 H 10 H/)»6 4 A 26 HE TiTo72, HHiK
TE, EERELEEOHNE 0T 7 AV, FEEKE, £/, B 24om, S 45em OZF AZEE AT
EHICE S, ZOEERND, FHNOOREEZ KD, IOIZHEE 23cm, EX 45em Ko7 0y 7 %
27— 30m, 20m, 10m EHi L 1.2m 255 T, TOERIBNALHERZRTE L, B v tkryny
7 OE&EIL LA 1~2 [FHIE Lz, FMEREEINIYY —CI3&R[G TR BRI BSOS,

80



4 FEH

41 KGR

BT OIR, R, BiEOHERZ Agliord, 4 A 2 H XV EESUEN 77 AERD 4 17T H XY
WHIKIRN T T AL Tpo7= (Ag1A), 4 H26 H, 4 A 27 H, 5 A 3 HIZITEZERH D Zhulff- TAIR. il
DR TND, HIBITRESHMOREIIEE AL 2gkg LLF Th o728, FHIKEN T T A L7ro7- 4 A 17
H D RSN L T g (FgaB), JEEIIHIH 2@ L T/ha <, 15msLAFTh -7z (FglC), F7-,
HEHE 4 A 25 HE E TIEE A CHEFRIHIM L7223, 4 H 2627 BIZITBMERH Y . HHEP28IB Lz, 5H

HIZHRBESERH Y, 505 HITIXEE L 72 o7, 4 1 16 HE X O KKERNBNCER D, Zh s T v RN,
D UIED T, TR — RIS L LT R L7223, @i 5 L7 (Fg2A), # U — kw70 32mEd
T E BRI EMEIN L Tuve (Fg2B), ERAUIE3 H 13 ALY 7T AIZHAL, 4 A 10 HEE T/h&
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1HY7-0 AL TH D, ErllmWMEDH D\WNET T ADMIIEFOME T, 77 ADEIFERE N Z > Tnd
ZEERLTND, 3HFND 4 AFRIZNT THERBEIMRL IZRE < 2> TWD Z &M D5, Hashimoto et
ad. O LD E 17 AT 64mm OZEBENRBZ > TWV=DT, 1 HY472 0 TR 0.37Tmm OZEFENH 7= 2 LIz
720 ARIOREEFR T LD 72EE > TnD,

BHEIRE S o 7o B 1L, HIEICHE S o 72/ E L B0 | SRR ZZIT T D & bID, TIbI
KEUTR S TWDTw, Bkl & A2p Sid, AQT ICX U—ICBY M7k T7 e v 7 b o#EREERT, 3
ARt 4 AFREIZONT TENRRE S 2o T D, 4 AFAILBEORE 2EIFE &P IND > TND Z L
R ONDDT, BUAFEOIH L1TH2T 2 ERHRRY, KRNI 2MEZRLTEHY BRI R E 72
B2 TODH, 1FEAESE, RIATUEZERBENRKELS o TN D, Z0OXKT 1 w7 NG DHIEEDE
FERARIIRITEIATZE L QWD EN D OAEFEO B MG &R TR TH D &5 25 & BN I Eoggek
RETZ U CIIHEE TE a2 EVRIB & D,

5 ABROMWE

ZHE ORI & HIRGUIEHERAIE R ORIESAf 72 CBURR RS TE TOD 25, EIEATRH T
BB, TNHDHAK - BULKOHEEAT, XY 7 5 A IR DMEO S A 7 AW BT LI
VY,

C1LEBGN

Hashimoto, T., Ohta T., Toba T., Maximov,T.C.,Kononov, A.V. Heat and water ba ance of the snowpack
and permafrost during the snowmelt season in alarch forest in eastern Siberia (unpublished)
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1 ZC®HIZ

JEX 500m FEEDO KA HE2FHTHH XY T « ¥ 7 —Y 7 3RRiE, LB Z < DK
HET D, ZROOBKRIIEESZ@ L AT 0CTH Y, AFUIT A7 (eing) & TN DM
DFEBRGR AL L TCNND, & 2 ADNEKBEOA ST L 2V E CREIIZIH T Tl b, (ks
HROHERE & I T AGR, FEKEDEX I 2 EOFEI 0 L TRIEET 115 I — KR HHFGER D 7 v — 712
Lo THTONTODITEE 2, DL D L, HKED KB B < AT KRR, KR
LK E & ORITFEIRID IR NEARE 2 &, Z2ETh D, T b ORI IACUHITEREEDM, KA TN
DIKOIFHERERLY—FT LA b (RENOKORMRC L 2 HBEDOLAVERS) 72 L0\~ T A L HTh
N

Smith et al. (2007) (Z&AUX, =—F 27 Kb AR SR TR 5 B, AZ50 H AR i
AN, 1980 LR 2 TN L TETWD, ZORKE L TitlkNEKEOHI (Adam and
Lettenmaier, 2008) 23% x H5—J7 HIERIERE KIZ X > THI &l Z =i+ oK Ogitfifz K- .
D ORI AN N ZHEH U 300 RN L= & OHER L 55 (311213 Oelke et al.,2004; Pavelsky
and Smith, 2006), ZD X 2 72 ED, B T IARKASRIHAZ AT T DI AKEEO M F /KR A5 3
EL. HKEEE - KA - AKIEERAED L DBIIO Y 22D DIFIERIZEIE , & 2 TR CIE, v
7= 7R« LH)HEROBKEEOBIE 2555 & & HI2, CFCs <° SFs 27K b L—H—IZFVWT
R KEROHETE ZAT o TR,

2 WHERGSt L Tk

2.1 WGk

WGttt L, B _U 7 « v 7 —Y ZiRbo L) IBEARE Ak 61° 400 - 3G 130° 007 )
Thod, ZOHIROEAITE AT 7 ) THOREES (Al)E « Fa~A b - Jgiks) Thh, 20
EERCHAERY 2 TROWEDIRIEGINCD D, & BIZ EERICITHAE TR Ao IUACL DR, Tl RHE
i WE L NETE) Bo-Thd,

e Gtk & kDA% X 1R T, KOEHITT 2> 7' 2 v, FRNORHIFRAT v 7
BT oD, Tar 7 a2 UBROREEHA — MVORSIZIPKE (O X HHED) 7 EOHITOKN
ZLAHET DN, FHDORAT ¥ 7B I oK et S g, X1 OS2 TRLIZ3D
DIEARFHTIETRATF ¥ 7B & VIR & OB EEIZAE T TEY , RATF v 7B EOKAM X
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Fio, ORI SECER R e FORIT Z 5V —TH /LA K (thermokarst) (25> T/4E
U7 < AFHET D, RO TIZZ Y 7 (talik) &FHEN D REFACIRREIZ /2> TN D, Hit i
T7K (supra-permafrost groundwater) (%, THEEO FuOB -2 g KE & LT, IFEENICHET S
K THD, —J7, HENHIT/AK (intra-permafrost groundwater) 1%, A BT 52 U 7 25K
TNEHE OREFIImI IR > TR AT K TH Y | IHED AR SIZNT T BHE—2 1V 7 —
MR (lake-talik-groundwater system) | 9 HDTH S,
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Map showing location of perennial springs on the Bestyakh terrace

a 6
Legend
1 — gravity springs (a) and artesian springs (b)
2 — detailed study sites (observation boreholes, gauges)
3 —road.

1 WGtk & kD5

X1 ONFI 2R LiAEa b =Y = (Bruw), 77/ > #/L (Ulakhan-Taryn), 7/L—XA

(Buluus) &) 3 DOFKEHIIRITE 5, 7T ZLAZITAB,C,D,E &9 5 DODFFEKSMN
HETD (ENOOLMNT, KGN L > THT b= o TH D), RS 8 FEKEEOEKIERX
—HFAIE LT OCRE L —ETIEH D05, HKEE BKEE DIVERRUEK (DT Zuy) L
BK (V=) 3D, L7eh > CHigKOM FKBEHETTERRE IR0 5 b0 L TRISNDH, 7
AMZDWTIIAADE ETH S,

202, TN—AFEKD WRE—42 V7 —HTFKR) (BT DHgHma X &~ d,
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100
Permafrost and groundwater section along the line of borings in the Buluus Spring area
1 — Cambrian carbonate rocks; 2 — fine to medium sands;
3 — sands and sandy silts of the Tyungyulyu terrace;
4 — permafrost and its predicted boundaries at the top (a) and base (b) of a talik;
5, 6 — levels of intrapermafrost and suprapermafrost water, respectively;
7, 8 — borings and observation wells (numbers indicate well depths and filter spacing)
9 — borehole and well numbers
2 TA—RIAD TWE—4 U 7 —HIFATR SETEE (RO EHNTA AT )
2.2 WA

14 CFCs (chlorofluorocarbons ; 7 12 2 4H) <° SFe 72 ED N TSEN A %KL b L—H—{ZFIF L.
IO DT RA~OVEFEED G T KFA (HTKOMREINR) Z2H#ET 283 Thh>od %

(Busenberg and Plummer, 1992; Busenberg and Plummer, 2000; IAEA, 2006), FCASCEDENZISU
T, CFCs X° SFs72 ED/AKIL b L—H—{lZE 60 4R HHAEIZANT TO R M FRKFERHEES
INTND, ZH E KA OBKIZISHT 5 2 &1d, R EOBKEEBOBLSIZIN T GiA
HRAAF DK OEAD AN TREMEN 5 7230) A2 FRERIET 5 b0 L Ebh s,

REAIEK OB A, 2009 4E7 H 28 H~29 HD 2 HIE, 3L 18201047 H 28 H~29 HD 2 HEIZ
TNENIHE LT, 2010 FRI2IT FRE 3k C (72720, Iy L CiE B, E #is) CThokEHE
ME L7225, 2009 FEIZIT T N—RA & TN B (A, BHUE) OB TEA L, BOKIZITEH OB
7 2 (CFCs : 125 mL, SF6 : 500 mL) %\, KREUSERRSR L2200 I 5 1EE L, B4R
X, ATV LVAEEROPIEBAK AT T Afhe v v 72 AN, TA BT a—T %l L TR 705
K& T ZEDIEITEA L, ATV VARG OKEA—/"—T 0 —SH e, A" —Tn—SH58
134T ZAORED 3FHELLEE Uiz, TOBKFPTHT AEE L, EEET—Cl v EE Lon

Y EE LT,

FOK LT 7 o—5% 2010 48 A 6 HICHAIZRFBIRD | A9 A 6 H £ TlT, Mt HiEket
SERFSERT TR « 8T Uiz, TR L72iEHE, 71— (2009 4F & 2010 4FORHA) | W I\ X
LA (2009 FEEK) BLUW TN 2L E (2010 4EE0K) Thd, 7038 2009 FEATEOK L=V
UL, BARICRFDIAT e E TOR 1AM, o 7RET 7 2 — KA ARSI CRIRCIE S,
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3 fER

3.1 bR

ISR AR LIRS, I—2RE I 200 d CFCs JaREE L SFe AT, MiHLL & $12 2009
fEL 2010 TR L~VLOfEZ R LTz, 1AFERIRIE L T2 2009 ORI OV T 6 | BOKIRFOIREE
R L QD Z EAMAEIZ D,

CFCs EEEI IS & IV METH S8, 7—2 T 3 i CFCs A BT S-Dlcsf L, 7
TN BTt CRC-11 & CFC-118 2MRHIERER L~ CIERITE 7, ik & b CHa MR &
N7z, BITH7REREE NIl 7- b0 EHERIS LD, WK E HIEERIC—E VA MiliaEE: b
ZEnD, BEIOHERCTHD, T CHEET XL, WAEEERE 1 mg/L LLFOH AT,
AR K> THUR KD CFCs IS 95 Z L B EOMZE CHRE SN TNA Z L Th D, s
K& B IRTTG L CODRTREMEDS R0, 514, WAAERIRE OONTEAT O BN S H, L)
L7235, 3FE0D CFCs 23T S 70— A3 KICOWTIE, M RSB T Y NS,
L7eh3oTT/—AIZIE, 1960 FREARR il ST KRS E VTN D O LT T 5,

SFe L 1.97~3.75 fmolkg OFIPFHIZH Y, T/N—ATEL UT\ HV TR - T, WK%
R UT2358, SFe EDO R/ NERIL, CFCs IBEDOR/ IR E FRECH -T2, LIzA->T, TIL—RAD
BEFRIT, 7T L OFFEFR LY BT L RTREMED B,

#1 CFCs &5 & SFe D s

No. By 2B ke OFCs (a/ld SF, (fmol/kg)
CFC-12 | CFC-11 | CFC-113
1 | TIL—R 2009 117 179 14 3.30
2 | TIL—R 2010 109 160 12 375
3 | HIAVEILY A 2009 32 1 0 201
4 | ITIN\UBIIVE 2010 18 21 0 197

3.2 KREUREE~DHE

H KD CFCs 4F & SFeFA (BT DOFFEFAR) 13, 7K D CFCs JREE & SFeifEa~ U —D
TR A VT, HE R /KN SO RGIEE  (EAC: equivalent air concentration) (ZZ5H
L. ZOREABEDRGIEEIRE L 5 2 LIc k> TEZ, ~v U —oifieE il Jiug, #F
JKIZIEITIAT e CFCs & SFe DA ABIHRE L REIKITFT D, T D7=6, EAC ORI R
DOFFEIREE L XE (BT OF7 —2PWE L e, 22Tl WERE S L OIKOKRE 00) %,
R & LC 150 m &3 L7, KREREICOW TR, ARSI O DIRFERD Sy 7 7T 0 R

(IAEA, 2006) Z vz, FHE L72 EAC &% 21577,

3.3 CFCs 4t & SFeHAt
FRETHEH SN TR EAC fiiE K& CFCs R - SFeifE 2 i L, 37k CFCs 41X + SFs
B (BT ORFFFR) Z3RDT, Flo, BR RNARET M LDEKOMRERR & Faedser v
GCERIRATET V) - THEE LT AR 2 £ 31T, EBH 50K E, CFCs D573 SFe
AR LD B 40 W E WS FERIC Ao T,
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#2 EAC{l& CFCs #4X « SFefR (BT DIRiEREFAR)

No. —_e . ASHEREE (EAC fE:pptv) ERER (HITER)
CFC-12 | CFC-1 CFC-113 SFs CFC-12 | CFC-11 | CFC-113 SFs
1 [ In—=x 2009 105 35 6| 54| 1968 | 1967 | 1970 | 2004
2 | FTL—2R 2010 98 31 5| 62| 1968 | 1966 | 1969 | 2007
3 | IV AILUA | 2009 29 0 0| 33| 1959 | 1947 | 1953 | 1994
4 | 31\ BILUE | 2010 16 4 0| 32| 1955 | 1955 | 1953 | 1994

3 HUT/KROTRERH]

. HEEE EXNRETIV) | THRERE GGRESETIV)
No. B4 HOKE
CFC-12 | CFC-11 | CFC-113 | SF, | CFC-12 | CFC-11 | GFG-113 | SF,
1| TL—=2 2009 | 42 43 40 5| NA | NNA | NA | 4
2 | T—2 2010 | 43 45 41 3| NA | NNA | NA |3
3 |93V A | 2009 |51 63 57 |15 NJ/A | NNA | NA |20
4 |93\ BLVE | 2010 | 56 55 57 | 16| NA | NA | NA |22

4 B

41 CFCs 4t L SFeEROA—FZDONT

CFCs & SFs DRHEZBRE LT-%A.

T, UFD 3 inEZLND,

7 | L3S S AU KBRS DRI - L

1) AR NGRS o C TR CFCs IREED N L, CFCs FRDFREL D bl < Ze ol

2) HAHRD SFe AN Lo T I FKHD SFe N EF- L, SFeFRNFEREL Y £ L 7207,

3) Excess air |28 5T, TG EORKDNEEERA R AR LT, FRMET A T 5 SFe T
ZOHRDBEE L, TR O SFe N EH- U, SFe AL Y 8T L< o7,

1) 2o\ L, B k)

DRJAIC L > TERARDT2D, Zh b0

WEREEKNS CHa S22 Lo dD
HEEESND, KR TN 2V CIiEKS

« TR SESTEREE FICh D &

R DZ\ BRI % Z L5 CFCs IREEDMERY i
& UTHEER 3 ioWis | 2 K % CFCs IREE DT A3 8 2 wIREM:

7N LTl CFC-12, 11, 113 OESFEAN R 5720

X2, T—AIZOWTE CFC-12, 11, 113 OfFEFE N T
DR RE L ZITTND EIFE TV,
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VI, A fiRoE DR X, CFCs
N HEFEIZIE. CFCs DO CHAEIZ R & 72BN U5,
L B DN WS ATREM I E T

FFRCTHD Z &b, MRS




2) \ZHOWTIE, RGO R AR 7 ) TR RSO AR Y 2 TR OWE Th D Z L
B KILEEHE T SFs OMMOFEI D720 O L Biboins, LU, SFe OO rlRgr:
EERIIRET DI EILTEAY,

3) (TN, ARRD K D12, BN TR AT 215 KEEOREII I, BEROEDMT
3%, Z078 SFe D & 9 72 A% WV THEFAKEREHEE L XL 9 & 3254, EZEmIZIV\ T
HADNEFN 95 (Heaton and Vogel, 1981), =DZhSE, IAAFEEIMEL . IAACOHE T /KIZE T L
TWBEDNVDIRNHTAFE (CFCs £V 6 SFe) TREV, ZD72, SFs % b L——|Z U THI KRS
RHEEEATHOBNIE. HADERIAR (excess air) DRNIRAEE S DMENH L, AWGETIIZDOEE
HIRAEEATZ 2o T,

4.2 F LD EABRONIERE
PLEORER L Z582 548 T 5D L. AENOIMERICE 2 2FE L, LTD 35 THD,

D) INA—RAEKED , T FIVAEKOBEFATE L,
2) TIL—ABKOBEEFAIL, 1968 #ELIKE, 2007 4ELARTCH 5.,
3) UINY HIVAEKOBEEE, 1955 AELIRE, 1994 FELIRTCTH D,

AMFFETRIGEE LT=iEKD, CFCs A4 & SFeEAX (BT DiERAAR) 73 1950 HALARE 2007 AELLHT
ThHoT-Z &mb, MU FULNEEZSMT L. FUFUANILEHNTOREEEHE T D RELN
iz, B, T HDEKD R F 07 LEEOSHIIET LIz,

5 BBbhiZ

IR & EAUTLE D BEARREMIZ L o T, IEEEDOIRIS MRS 2o TELZ L0, ITFEOMZEZ L > T
BISMNZEN TS (Ohta et al., 2008; Lijima et al., 2009 72 ), 0 Z &1 J - THI K ASEiE LA
DOEVHTTIARDNE LT B ODEEHAND Z ik, BRI Y 77z hORR LT, Fkok
SCFSE RO CHEIET —~Th D, AT, Y7 —Y 758 « L) HEREOBEAREORIE &
FT 5L L BIT, CFCs < SFs 27K b L—Y—ZHW = F KR OHEE 24T o 7=,

TN—FKE T TN Z IV AFRORBIKE 3T LToRER, CFCs & SFe AR (0N T DT
) 1E, 1950 LR 2007 FELIRT Ch o7, A%, MU T U AL DHNT OEFEREHEEL, KV
IERE7 s T AR ERE T DB L D b DD, 3 HFEFEDOERHEEE (DIF) M55,

Z OHUSOH ORI L, RO M FARDNEH L T D OEDEFRDHT-DITIE, A% bkt
L CTBARDEIK ET a1 T COLK TN H D, F-, LV IEREC E—42 ) 7 —HTAR) 24T
BT, HIREHE 7 1 7 7 A METIOZHLEFHIRS, BRI/ E 21T TWOL MERH 5,

6 ZEK
Adam, JC. and Lettenmaier, D.P, (2008): Application of new precipitation and recondructed sreamflow products to
sreamflow trend attribution in Northern Eurasia Journal of Climeate, 21, 1807-1828.

Busenberg, E. and Plummer, L.N. (1992): Use of chlorafluorocarbons (CCI3F and CCI2F2) as hydrologic tracers and
age-dating tools The dluvium and tarrace sysem of centra Oklahoma Water Resources Research, 28,
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G2c (ET YV 7 F—L) IHENER

WLy [l
FACRFRF e BT ERE

1. S0 HK

IRYTITHBIT DK - [RFEEERO T vt A EAHEET 5720l OERTT VomEl, QT
TIVDOEEA, @FT M L D2 EDE L &R TN ET 5o BEARIZIZEL T O &L 5 7eiid a5 E Lz,
OV E 7V 2LM IS AGEFE, AHKOTNE R L, WRHET /B TRy 2 ia
BHZ b, IRFIEFEE BN U CBERSERIEDEZ 2 FRMEZ 20 E ) haegatd 2 2 &, @QITRK - f#
KOETMbE BT 52 & BEImET Ve OfGEED, fifaEET /W1ET 52, @id—
FURRT XX WEOTEEKS, KT T RERETCTH I L L AN L LRy VEiFH
DIEARFNZDONTEHIKSy, W)IE, 77 v 7 AOEBTRIZITY 2 &,

2. BFZEDHEITIRDL

B £ Vs LONRHET VO EEIZ OV T, BEIET A6 DORREPKIZOWNT, Kig L &R
DS Z T THATE D L9 Uiz, MHET AORDK - ik BidBR et E The & 7a o7, BRIET
TV ETRHET AV OFEASIIIERICHEHEA TN D (Lg, J\H, M),

W75 40 FEREI DK « BURERIZBI LT, 2LM LA ZS S A4 5Tl C & S pRifE7 /L CHANGE T3/ = L—
va v E{Toln, FEAEBOEIIIETET VTR Lz, h Ly R E I ZE N H Y
SEET T 5, E7o. G2all LD HHUKEITHER L IRV HEA L DAL, #ERHIEIE 2LM 23
SREETH -7 (L, M),

ETNVDATTRRGEEZ R IRVEAE T A —4 | Kl 7 = 7 v o— EWMR E12onT, #iiE
T N TIT 24T o T, ET — 2 030 OB U ORFZERIHEERS /TR L 720 . S HITZE DK
B KB IRISHEERE R ORI D . ML DIFROIE & A EDRFTRASE TH 2 ATREMEIVRIR S
Too ZAUTED | KIIEIZ DN T GL DFER & DI - @D AIRE L 72 o 72 (IUAR),

FERNIRZET NV EWT, 288 BKICEERRER /N7 A —Z [T RNRET VRN THDHZ &
ZH BT LT, FRRI 21 O IKIROEEINIAKTEBRIC R X I B 5.2 5 Z & orioTz (HH),

3. A%ORE

BT T /VOARBUK, BAGERR, RFBIZOWTEELEHEET 5, G1 O BEAMS &5 TKIB L UR
RN DT VOB EED, 5ET /VORHSHR LB A 5, ERET VL EFRHET LD
FEO ST L, K0 BIFERH TR S 54 3O R 21T 9, G3 ~RIEMAFEt U, Yok 72
ClZ&$ % (s, J\H, £,

LB SN TNDI—F K58 T — 4 NBMDS Ver5)IZafiic LT, ET LD T 4 — 75
— X TS (LA,

B F U A ZEE L, IFFIRERTT M L 0 IERRICET DRk EOEE 2 T3 L, T35k,
WEE, K« BT T 7 2AOKEEZFHET 2 GH).,
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BEETET L 2LM IZ X D 5 A HHROK « BUN TS I 21— g9

WLy [l
FAERFR A BRFF5ER

1 XLz

W R T DY — 7D Z A TR (ARA Y3y R) Tl 1998 ELKE, ¥ U —Ickbr54% -
AKSCBIIANIS Z 72 dodu, K 10FEDT —F NERS LTz, £ 50K - BEREEOEEN B L TR T—~
DOEEM CE DX T TE Tz, ZOHT, 2004 L%, 1HOK Sy SIRENBEEIC BA- L. B
FfRiENE < 22 DRI HHEL L 7= (Ohtaetal., 2008; lijimaet a., 2010),

FENEEET UIRGERE AT HZ LI LD Bix ZREEIIREEIC OV T, K& E DRSCEAD AL
EORFIOKGEEFHECTE D, 22C, 1 RIChEmMEREET /L 2LM 2 v, & 7 —BRIBILALIATNC &
DOIFEY | K« TFAX UL OREHEE 21T o 72, FERIC OV TR A B 4§17l © & DFEmRTT /v
CHANGE & [H#g L7z, F7z, GaZ N — 2 L5 EEKMETTOMMIRER & bitig Uiz, X512, 4
O THERPLOZI /2 I OB A R T, THOKRORED EFITRI L, ED X5 KB ER/IT A
—ZDNNTNDDNE, BT VHREIZEVBE LT,

2 WA

21 EFI)L

BT IUINEA - 1S - THEO =20V 7T NG5, B, BREGT, SUE, MR, JEEE, oK
BE AU ES - ORIy K& A TSRO 7 T v 7 A% FHTX % (Yamazeki, 2001,
Yamazeki et d., 2004), X 1 |\ZHAE L FEE OV 727 VOS2~ 3, fEAEITEORH % BT 2815y
FTeBCCET NV Th D, BMBIIESRIOL U OB EAHECTZEET LT, et cegdoL b
SIHOFEARITE D, THITHEN S TV REEET LT, —1 ~ 0 C 2B\ THRMNT OB &E
ERE LT L THEORME « BHEDOEEEFHET 5, NEKEEZ 2mIIUE L, DS OFHIESY
IRRERE LCGHREND (O BRHET AV DOAT 1 L72D),

Snow mode | Yamazaki (2001

z Long-wave shortwave & speciic  wind

Wind speed Solar rad. a9 Precip. longwave radiaion  temp,  humidy  speed precipitation
Zaf——e — T Latentq So La Pr radiation S, Ta q U Pr
; heat A lat N
L il LE{ \ J t M LE () | s
\ ! U Y rain oW
Teke

X1 FREET /L 2LM O &K, e 7257 v A EEY 72T,
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22 T—H

RY T ON—F 55T —H % F & 7= Basdine Meteorological Daa in Siheria (BMDS) (Suzuki et
a.,2006) Dt H IERARH & 70 D5 (ver. 5) Z v 7o, HiRIE 1966 4205 2006 - T b, FliEAIIC
IO TR DT X 2 L—3 3 2B LTI, NCDC Globa Summary of Day (2006-2007 4F) & Hv»
7o BT IUCKE L HEE L T & REMEHEIL BMDSIZE TV =, H RIS SHEE L
Too BRIV I 2 b—2a ATV 7 =Y VIR D H A TTER (AR T1% 73w R) Zxtged LT, Yamazaki et
a. (2007) LIARRIZSERRIC L - C Y7 — YV TNORIEE Z X A H_EOHEEMIZ A H LTz, 7235, 1983
RIEGET — 2 KA L TN DT, O HRDT-H PHREZ O Lz, HEEOREE &Ko)
WEX, HonCOET LV TEMIMOFEZITV, £0 198641 A 1 HOfEA Vi,

3 fER

31 EHiok - B

X212 2LM (2 X » CEHRE STz, FEORGEH (5~8 A) TIHILTZETY 7 v 7 ADORERSE7RT,
BT Ty AKIHITHN »7- b Ly RIZRSAAR, £7o, FIHEE HICEENTE10 Wm?® FEE OFIHIC
NE->TND, EWREERHE LT T v 7 AOMIITEOMBENRAHD 0N, W IEM & &
T v I ATADHBENA IS, ERESEAKREVEL, HRVEL AT U VAR E, b RE
WV, ZOX D RHTHREENA SV | B ST D b0 L EbILD, FEEE B SR EVMEIZIT
E/E, DV INSUWMEN B 5, —J7, BB, IXBIZER MRV RISV NS < 2B H D, ZIUTZDOFEDHE
BEDHEYEEHIM O R S IR FT 5720 Th 5, LLEOFEFIT 1986 F025 2000 FFOWIMIZ OV T
Yamazeki et d. (2007) AR L7zfER L AR TH 5,

X 3 \ZEREAEH LT THEOK S ORERS AT, —RUICRISENCHIIN L CEo&ir L, BKICEON
L CAMINRT 2R~ T2bE L5, BT 10 80 EIRZR 29 b3 65 L 5 ICRx 5,
2006 a2 40 I Tl b v VKIEIZH D Z &3 bnr D,

_. 200
Te 1966—-2006 Warm Season
= 150
x —— Rn
2 100
qb_)n —0— H
©
q:) 50 Ny
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© ™~ ~ [ce] [ee] D D o o
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X2 BEEH 6~8H) YHOT T v 7 ADY I 2 b— 3 UFER,
& FWdRE, O: BT Ty A, AT T T A,
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b E7 /L CHA SNAREVK (RHETVOANT) 13, Y7 —Y 7 Zxtges LiciETlE, mEH
OFHMND 10 BEEOHZBNT=, DT, VH)I Efgox L 27 LXFiTH D TV )ik
DI AT 4= XIZOWTHFEZI T2, F LU AZIZONTL, SR OFEEIIC S RFEIKHFE
STz, MEHORHIIHERIEH 5 WVITEDOT S TFRLHTWDY, EITEERE & < BRlfE
BN BIHTO, UAT ¢ v PEBISHIANEE AL TH DA, FAUTKIC bARRASE Sk,

32 REREFEOZAL

42 2003 FELARE D HHERFE & /K OBUINE & Ok Z 7R~ T, K OET /VEFRAEIXE « a2 N
T2 DIEN, BINIT TOR B —IZ Lo TiThtl, LNEIEHEZZ O EZ R L TR0, IREITR
RFEDICEHET 5 b OOFEOFAR A BB CE 7o, —J, KOEIMER 2773 b OO STV 5
K9 RT AT v 7 i ERIIEBITE 2o 72, Ohtaetd. (2008) 13RI DBHHKER S, M5 EH 50
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41 FHAEHE

FMZ & o THAFE S AVTAEM B O IR SBIN S 2 7 C & £ /L CHANGE (Coupled Hydrologica
and Biogeochemica Model) (2 X 2R & Hl L7z (5), IEMBE DY 2LM D700 K E O T, FHZ
RIS 2SN S UMEIZZ OB 2358 Y, F 72, CHANGE TIEIEM R ENEFNRD 42 F Lo R
RLod, BEOIEEN T 7~ 7 AOEENIHET L CTL R LT\ 5, THEEKOFRER % i+ 2 & |
FREIT < ANZHOWTIE, WET /MIBRLR—ET 55, 30~60 cm HEIZOWTIEL 2LM TR/,
CHANGE Tl & 22 DA o o 72, THEIREEE 2LM CHIRIRAACR E OICER S, Z
AUTE DY 5 OBWR CHBREN /25 2 L b —HEEZ HND,

WIT G2a 7 NV —1Z L D TR GEITLOE ERRER B85, AR & 2LM I X5 THKky %
L7z (1 6), MiEOEE F— 3L < HELTWA, LavL, #ssEdesr QLM) oz
IR L/NE L IpoTz, ZORIZOWTIRRANETH D,
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7 BKEDEMRRI KT TR, PR DR RO EIS T2 TR 2 S8 7= HE,
FSD: 10, 11 H DK EARE, SD: 5~9 H DK EAZ R, cont: EFSOBEKEIZ L 53

42 T ORMREGEEIN O EA

BT — %2 2 ARV 2003 FFLARERURIC EFMEAIT R e, BfEROHEINCIIE OFFKE (B
EIKE) OEING D \WNIHIA DOBEEBFEEHR) OISR L TV D E RSN (ljima e d., 2010), 1986
D 2006 - F TORKEIX, BH (5~9 H) 1374 178 mm (BEHE(R A2 55 mm), #14 (10,11 A) 13
¥J 40 mm (FEHERZE 17 mm) OFKETH 77, 2004 FLIBEO AR BN Z\ MBI 5 5,

W& L D &6 B ORBEKRDEEREEINC IR B L TWDONEFTIRD T2, BT ML DFRK
ARG L BFEOE S (5~9 A) BLUWIA (10,11 A) ORB/KEDBHRZFHI~I-L 2 A, EHFKELY
b WAL & BIRARDS LOVEBS 25> 2 & Vb o7, RIS, WIADRKE L EHoBKkEZ TNTN
PN DR EDOBIE T S BT TR A T o 7o, X 7 IZZ O AR, EHORKE R
DI THRIERIZIT AN S T2 Ulpino Tz, — 05, WIEOBKEZWD S85 & BHIOmRE
T3 30 em R/ NS < Fe o Te, ZHUTHIA DRI D720 EAZROIEE BAVD72< 72 . RN
ICHHIESND =D EEZBND, DT LB ITEORMEROBNINI I DORK BB N TV
DT ENRBEID,

43 S DORYE
e e 7 VOB KRE, THEREHUK, REBICOWTEE(LEHEET 5, GL 7L —T7 k% 30 BEAMS
HE D TKB L OREICET 2T VO AR Z 1D, %7 LV ORHSINER & B 2 1HEn 5, FERT
FTOENBIC L DFHET VORAEER L, &0 BENM PRS2 8D iR ETT .,
ABREKNTRHET VDA & UTHRIAITICEE ChH 5, FERTT A0 D OREKIT HEA F— A
DIED>, HEOYFREED 52 05, K3 OFIE R WK AFT 5720, & HISEHBRREIANETH 5,

5 BHVIZ
BEET /L 2LM & VT, 1966-2006 DX A TR TOK « BN R = b—a U & 7o 712, BY
TRIEICHN T F Ly RIZR BN T, BT T /L CHANGE OSSR & brlg L7- & = A CHANGE

TIFIERHS S SR DA R DTz, HHEIKITOWT, G2a 7 /v —7 DEEE LR &
W LT A, RUVSRHER R OIS, AERHEIT R L 7o T,
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ETNAMHORFEKIZONWT, K EZNLIMNI T T LT, Y7 —r 7 TS oA L
7oy, BROF LA 7 TIEEM B IRHARAE Le, BEEITRBEMEN G, BEERRE TH) O
H LTz,

2005 AFELARE, KON, IRE ERSERE SN, LovL, B0 X 9 22 2 i EEl T E
7ol HEOFIRIZIIPAORKE [ESH) 1320 TnD EHEEIND,
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lijima, Y., Fedorov, A.N., Park H., Suzuki, K., Yabuki, H., Maximov, T.C., Ohata, T., 2010: Abrupt increase in soil
temperature following increased precipitation in a permafrost region, the centrd Lena River basin, Russia
Permafrost and Periglacial Processes, 21, 30-41.
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Spasskaya Pad @ CO, XDV 2 L—/3

kb R
VEEATZEBRSE RS HIOERER T 25 Eh s

1 1ZLDHIZ

TFEAAIER ClIIHIBRIEIE Lo ARNEB OB L 0 . ALROKOIKT, ) E OB, KA - OH
KO OME K2 EDOL L OEEM A SN TS, Kav ey 7 NOMREY A FTHHL Y7 —Y 7O
Spasskaya Pad (SP) 1ZBWCh, I, KR - BUKEOINT X AIEEE O 2880 HEOImE Lo LW L
DB S CD (lijimaetal, 2010). ZDO X 5 RZMUIC K VEH S X A —TU %30T, B4 DO CIdks
%ﬁﬁ%ﬁMﬁbfwé ZNSOEIE, R ERERDIK « IRFBINIZ BB L T2 B 2 biudns, Bl

X DEFREPBN-, TORELEFTMT 2 DIIREETHSH. TD7-8, BEEET /L CHANGE % FV T SP TD
@f«ﬂﬁﬁ_\lv/a~/éﬁw\K$Wi@£%%ﬁﬁbt.%@ﬁ%%ﬁ%ﬁé.

2 WH5ETiik

2.1 BErTT /v CHANGE

AR DKL v 2Tl B TR HAVRV VR R BERMEIE L, O D67 1 ATk 5803
D TRE, EDTd, HHEROEUIT, MOEFEE OMHERHRAE L T, KX, AfE - AT 1R
2L (M1, ZOHIRKEZIZT 0/ — V27—V OKWREIZEEET 5 £ TIZE OEHALRK L TIT<. CHANGE IX
FEHMTROND AV R—3 0 NOKLT 0B A LHENEET NV E T 7 ) 7T 52 LIk D | - 22
= TCO—HOEALFHETE HET /L ThD. K, BYLD €0, TELISMT b bRt C ROV AHTES - @,
B, THEORDK - @i, KOVEWY X —fg7x EEBE L T 5.

Schematics of interaction between processes in CHANGE

4[ PARAMETERS

METEOROLOGY Radiation Wind
Precip Temperature

HYDROLOGICAL MODULE VEGETATION MODULE

X 1. CHANGE D EERIDOH AAFEH O]
T Z T, CHANGE DEZRFHEDHFLRT 5. Fv /—v, 1HE ROREMH L TOT R — ST

52 IR MR E I TRBEDO LA FEERC RI TR EE 7 1 — RNy 7 LTW D, 1R, U Z—ERUS
B O ZEE D 3K 55 & MR~ DA ZERERICRELL TS, R, RO O vt A & HiGk -
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T3k E OMBEHROFHIIL, T VOESLDO—DTh D, HHIKFTIHBW TR, WK EKIZKRI L TER
FPNOEBZEFET A L2y A L AT R & OMERMREZIHET 5 2 LN TX 5. HEEOLH)
DIFHERFEIL, A OEEIR 2 3l = L IR W THERICEE TH 5. [RGstt L HHRE4 28 Ui
MDT x ) a—FT UL ) BEROZE - A E I 5.

22 BGT—HEVIal—vay

CHANGE O = L—ra 2k, &R (d, &), BokE, A&, B, KOVEEHOERE L= T —
APEETEH 5. BB SP DY 2 b— 3 DDl Y7 —V T OKEAT 4 — a  OBMHIT—4% (BMDS
5.0) %MV T 1966-2006 H=4 RRICET VAT LT, SP DK, B, KONCONKAEFHMELZ. I =1L—
2 OFERORGEL, GAME Siberia 71 x w7 FELK (1998 42) O#LHIT —# & Dtz L TfTo7-. H
B & FFHEAITH T HET VO =R~ o AIZB LTI Park et al. (JGR, in submitted) 23 FEHEIZ LR L TN 5.
Fo, TR —NCLDOBGEDOFRERIL, AMEED LR OFRER A SEIZ S0, RRETIE, CO S ORGSR
wEICHET S,

3 MRKOEL

31 XEERBE

M 213Y 70—y 7 DKBEAT 4 —3 a o THBILE 1966 FELIM DR GEHEORELR 2. Mok ElI4E
FEPRZVD, BER N L RN, T LAFERBEKENE TR LT, 45 - EHIORKEIC
BOTHRBETH D, FRKED T5%ITEMICET LT D, 2002 FELIEROKEOHMAE L. LiL, &
BICBWTIE, BKEEERY  FaBNL 0D by RBHETHD. TOHEIILAZE L BT HE
CTHD. KIEDOEM L2 ROHT, 1988 FICKIE EFNEFIICKE L, ZO%—EDOKIREHE> T\ D
MLy RERTEION R 55, 1966-2006 4E[H]C 1.5°C DRIE EANH o7, BWEBETHI XY 7 TlIL
ZRZBWTR 7°C 72 1-2°C OFE IR0 EHI <17 (Dolman etal., 2008). &G EH-OH T, HEHE
IRHIBERNC 8 5. B EORD I 3L — IO &R ORIKTH 65 (ILIROHEDE 5).
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32 MR OFEL
AR COREROAEN T, BESCH AR & LIRSBIHRL TV D, 2072, JEROIEMER TRIIIA KT
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5. X313 CHANGE (2 L 0 Pl 4172 2005 4RI B\ CHEmAEREL (LA OZFEZLOBIINE & ol %R
IOBIHE S L TEAR—2 7V (LAI-2000) 7> BT S Fu7- i & N TAEE MODIS 7 HHEE S/ iz vy
Tz, FTNAVOFTBIELE O X< —BL TS, BT, BHEEDKRHIIMBLIIIE & OEVIRE <RV, ZOIE
FERTRNE, 7 =/ 0 O X D ERARRE~ORBIE TV D L AN D, — 7, EREIE T Y
THI23 MODIS X V£ 2 S FV. LasL, LAI2000 &R E &N s biZeu. LAI O B —7 1% LAI-2000
K0 FRUEASERGHE L T 5. ZOBKREHll DL SRR OBIG Ul OJFRIC 6720 5 % (Park et al. in
submitted) .

3.0
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H
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D . r L L L
EDO 150 200 250 300
DOY in 2005

3. 2005 FD LAl OFFIZA LB & TR 0 Hig

33 CO, 77 v 7 ADEIHIE & HHRIED

CO, 77 v 7 ZADOBLANEIY 2004 FELIREA N T H 7=, 2006 4F % CTOFFHAL & BIHEOZE - BEZ LDk
a4 TET. BT /ULIFMD CO, 77 v 7 A% L TRILT-Z EWRahnd. liFO—BUX, 7 /VH% LAI
OZEFIEEE L TRILIZZ L2 95 LT 5. FRZ, BEOBIEORBRIZITOR A2 RERIN & K 5E
HIZBWTOMIRIZ L DIRFD Y —ANLLET Y 7 ST 7T APEIZBWTDORED Y 7 InG Y — AT
]9 Z O K< ¥y v F U7 &, MEO—BIFFEMICIIB W TR SN, 34BN X 5
BIRFRINET-171gC m? TH Y . EF A FHIEIF-1638gC m? Tho7=. Z 2T, ~A TR L 515
FBOL T BERTS.
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1 1

N ]
|
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FERERED TB%IEMNEF LTV D03, BITFISHERRIBIZ BT D, CO, 77 v 7 AZBWTH T
BRIy OVBKDOFBEZ TR S TND Z &3 2004 & 2006 42D T T 7 ADE—7 LIRRIZ R Bivs. Z Ok
DEFEHE CO, 77 v 7 ATt L CHEK AR & LT TV D Z &Sl SN Tuz. 205
B LY Z OHIRON ORI L 7 B A ORI LA TIRF IR . L L, 2 O Clriok/ A+
DAZREIANC R~ 20 IR L WD, AiEREOK XK AT 2&EIRN 5. 2O X 9 RBEEOHTo
#7170 g C m? DWRINEIL T 5 A 71 D black spruce -39 g C m? (Ueyama et al., 2009) . 7 74 @ black spruce ?-82 g
cm? (Frolking etal., 1996) CHARTENETH D Z LMW 05.

34  CO, DA

HIER ED CO, IEEEITBERA ML TN L Q2. X1 ORLZE IICRIBOEINLE L. Zhbo
ZALDHT, SP TO COMZUTEIT H VR o L—r 3 UEREK 51RT. 1966 FELID T CTh D8, Hk
PES: (gross primary production, GPP) (s MEAINCH . GPP OIgNE, HAMRD=F/LF—JHTH D HEED
Wb (K1) OFBETHDEEZEZBND. GPP O X 0 iAEER (net primary production, NPP)  #, [R]RE
LTCWe. —F, ENOAHEMOS R L 2% & (heterotrophic respiration, RH) (X [FIHAEZHAME A2 &
o7 ZOREF NPP & RH D7ETdh 2 ARERMIASHLE (net ecosystem exchange, NEE) (3N L T /e, Z 2T,
YA FATEC K DREOEEZERT D, BEAREWVIEFEEEDRREN L THD. 7205, NEE
DIMTRFE EEROBD 23T
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[X] 5. CO,U KR, *eArER: (GPPa). #iEFERE (NPPb),
e L AN B (RH,¢), AReRilizc#ia: (NEE, d).

SP DRFEE T EOBAE NPP D) LV RH O LWEINOREE T 5. RH ITHIE & TRy D% iR
<ZIFTWD. RH OFFEZUITRIR E 232 — 2 ZR LTS, 1987 Fdh7- 1) TRZRHEINNAFEA LU,
D%, KIREFHRZ—ED LIV ERS TS, YA N TOHBORMBIIITIX, 3.2m OHEREA 4 HEN
e D Z EDgnole. I ab—ra U THEL [FRRICEMREESEEI kL RIZh DR MG b, R
(2, 2000 FLAREIESENE O LU MEINMEI S 7z, L B [RIRFCHEIT LT 2 E30ao 72 (lijima et al,,
2010). —fA9IZ RH & HIR & ITIEDBHRICH 5. MAEMOTEERIDNEFIZ /R 572D ThHSH. Ll Kre RH
CITADEHRTH D LHIDIVTWED, ARERTIL, WICHEITIEOBRICH D Z L3 yoTz. Bi1 b
Bk EIX400mm L FCTHD. TDOHD 75%5 RH OEWEIZHAEL T D, FEEE, HERITRIREICH 5.
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KA XY "R H > THBKEIRET HIZELNETITR. 20720, HOBEKA X MNIGHEY O/ fif 2t
4~%. Davidson and Janssens (2006)i3:2% < 72\ \&/KIE RH Z4iN &85 & i L7z, Ueyama et al. (2009)1%7 7 A
713 black spruce ARIZF31F 5 50 4EfE]D CO2 UK &3 R = L—3 3 > LC, NEE 23 T BN & 2 AHIFZE &
1372 DRERZHE LTz,

5 1% CO MK DIRFEA L & ENEND kLo ROERDGOIDD3, EIENA~DRER T & 2L O RE]
72 EDREHIEIR D72 DGF HAUZL V. o T, — DD LT NPP & [k & E 72 HOWRIR & 0 20 RS
BRI DIERHE B 2T L= (M6). KIRE BkEDT /) ~— U 13 1990 4ELIEIA S5z LT G, £0
HC, NPP & Rk B EARRIC 1990 4ELIREMIE OMBIAEIM L T\ 5. —F, KR & 13 1985 A=LIRE, FHBIFREL
OHNZF L TND. &I E BKEDORNNT NPP ORI AR Z 275 L Tz, X613 NPP 125 L CAUAL
& D UWNIFKEDFEDN OB ODDOIERIE LD, ZORENDIX, NPP DA, 1985 LA K &
F TSRO Z T TN Z EBH LN TH -T2,
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6. NPP & [&/k&E M OVGIE & OFHBEIEIR DOFRMELSE).

4. BT

CHANGE % 19662006 4F-2 %52 L C SP TD CO U DfRFZE LA > I 2 Ly b LTz, YHIIZIB VTSP
DLET5Y 72— 7 TlE, KR« B 0 BIMEm 23R LTz, —J, BoKEI3E FAEmicsH v |
HEEHED LT Z Egnolz. ZOX S BREBEOHF T, GPP & NPP & §12007 )T 2 3B %
LTz, LinL, AEREROMEIIEIMERICH > 72, ZOH T, FRTHEEHOSIR L D RH ORINRE L)
o7z, RH O @R O T S ROBHERR H D Z EAVRIB S, 2B COME D AR—R > M
REBREEOEENIIE L TN D Z LAY, NPP & KURKL UK & & OFRBIRIERD 543703~ 7=, NPP 1 1985 4ELIE
DK OB /K EOHEIN 2D L CHIINAS R S a7z,

CHANGE % il A & — /L & 7ol ZABIBI AT TR 31T B, B KON CO NS OEBIOF M, & 7= 2
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F1. PAREOSENTISIT HEF b0 A BN

N IA B (R BR)

&
1990 1995 2000 2004 2005 2006 2007 2008

YJRIESR | 361,556 | 246,850 | 156,237 | 144,478 | 153,731 | 168,918 | 181,673 | 190,125
AT e R A

348,812 | 238,799 | 147,793 | 127,178 | 135,453 | 150,639 | 160,683 | 152,354

ok
PABIRED S
N 96.5 96.7 94.6 88.0 88.1 89.2 88.4 80.1
5]
774 ER 6,115 3,175 952 455 496 468 397 358
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TV RR 30,021 19,257 | 10,732 10,738 11,102 | 12,351 | 14,652 | 13,108
UL SSDFN| 8,628 5,620 1,321 1,327 1,491 922 599 580
DN 12,507 6,820 5,580 4,541 5,201 6,126 6,100 6,164
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V=88 374 100 8 6 8 9
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Tz ) - T B UHA
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Fig. 2 Wild reindeer distribution in Eurasia (@:Yakutsk)

Table 1 Wild reindeer populations in central & eastern Siberia

population number route  period domestic
(size, trend) change change abduction
DTymir quite large, - +++ i, F4++
Upper Anabar ?,? ? ? ?
@Rena-Olenek large, { ++ ++ ++
(3)Yana-Indigirka small, | +4+ ++ ++
@sundron  quite small, + HH ?
(®)Chukoto 2, ? ? FHt
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Fig.6 Research area (Olenek district and Anabar river) Capturing was carried at upper Anabar river area.
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Table 2 A list of satellite—collared animals

61880 upper anabar river reindeer male 8 age -1/2X%

61928 upper anabar river reindeer male 5-6 age -1/2X

61927 upper anabar river reindeer male 2 age

61903 upper anabar river reindeer male 4 age -1/2X%

61933 upper anabar river reindeer male 6-7 age

101119 upper anabar river reindeer male 2 age (-10/31 not work)
101118 upper anabar river reindeer male 8 age (-10/31 not work)
61904 upper anabar river reindeer female 2 age -1/2X%

61913 upper anabar river reindeer female 2-3 age

101120 upper anabar river reindeer female 3 age with 1 child
101121 upper anabar river reindeer female 5 age with 1 child
61879 upper anabar river reindeer female 6 age with 1 child /-1/2X
61916 upper anabar river reindeer female 6-7 age with 1 child /-1/2X
61929 upper anabar river reindeer female 6 age with 1 child
61930 upper anabar river reindeer female 2-3 age

50748 lower anabar river — musk ox ? ?
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ZEE TIZLUFIZ 2 E TORE TR LIKERIROAHZ DT D, 7V 22— MEEDAFHNIT T
IR Th D, WThOAHLAT 1Y =7 MIFIORETEONEZbOTHLN, K70V =y N
BB DT ORI ESIFET Do MOV THRETH D,

(1) fe

(1a) r~=2¥H

asuwwi (77 k<2 qgitawwi [ m% 57| tekanuwwi =557 witiwwi 38O kimyinu T4
Tanmaw]  wiruwwi [R=%4] ugensawwi [7 A~ Z] jawasu [~/ 24| anftamu [
7 I<A] ,kasavu [HDU B A<A] .

(1b) B~ 2SN OFHR

tulukawwi =47 iltaqu 727, ukitu T=I> ], yasyayarnu [T A %A | ivitawwi [V
A1 ,wagnuwwi =<1  mikiwwi [TBH%F] linaqu F=2Y U] | tutkawwi (AU~
Al

@

joSatu A AR Mytilussp, yuyunanu (=754 715794 | Clinocardium ciliatum, amtuwwi
Mpya uzenensis, volillgelyu 443V W1 | Siliqua alta, vorruwwi [Fi <71 | Panomya
nipponica, pampasqawwi 7> a5 MU | Macoma calcarea, kobkaku [#~3t¥H] littorina
kurila 72 &,

(3) = DfthHFHEENY)
Sawinanu 7 VU =], inunkukawwi [7=] issmfawwi [JF~=| wakalanu [&¥] 72&,

HKFEEEIROFHITHIECIIRE B LTEY ., FfGa 3Ll LIWENRICE - T, II37-A
IRASEIBOEZ LT O—2IZ78 0 2255 Z N KhSM DA v X B a—|Z Lo THERS T,

32. {emER
TR CHITE D, ISONT-D DEREES T, 205 BBERET 2013~V —HD 5 5
5 MR 3 B, Ttk L 6 FiG 4 ZH) Th 5,

(1) =Y —¥H

aventu [ 2w |  Empetrum nigrum, rattuwwi (8.1 A F 2| Rubus Chamaemorus,
yojontu =% Vaccinium vitisidaea var. minus, mimjuwwi 77 a7~ K|  Sorbus
sambucifolia, linluwwi 7o~ 2 /|  Vaccnium uliginosum, 3littawwi [/~271 7| Lonicera
caerulea, waltawwi 77 7% 227 U] Ribes sp.. persttu [Fi~AF=| Rubus arcticus.
inatysjon?u [t A Lasr %]  Oxyeoccus microcarpus».
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@) '

anatiwwi [ h 57 N7 4| Hedysarum hedysaroides, matawwi [ b=~ /4| Bistorta vivipara,
ramnuwwi Claytonia acutifolia, awwikawwi [ v =V | Fritillaria camtschatcensis, quUtawwi
Polygonum tripterocarpumA. Gray, paqramnu [/~~~ /A v | Mertensiamaritima ssp. asiatica,
topawwi [ AXF] Equisetum sp. 73 &,

(3) ZDfhofE&ER

yunawwi [N~ ?D5%|  Pinus pumila, nununu Y%7 | Chamaenerion angustifolium,
wiwiwtu (% %/ FX7 |  Chamaenerion latifolium, ananu [4 4~} 7 R Heracleum
lanatum, tintinu Y/ 7 K| Angelica gmelinii, ilfagsinvalyaw [~/L N N7 | Ligusticum

scoticum 72 F,

3.3. {&Hisifds 1 2 v

LAY« 2 VY —2 ODIEFHRIESE YA 7 M3 1R LUTZEY Ths, BVKIZKIUL 1 4F4EL
THIZAMEONDIRFBICH 0 . FANE L THLRTZ & W ORI, 7ok LITR LIy 7L
IREDRHOTHY, SHIZHEIY LA ERLLERH D,

K1 LRAFYV - )V DIEHROGHRETA VL

IREH fafE

1A-2 A av A, Ay yHZ

3 A LA A, TIvA

3 H -4 A A Franavw

5H-6 H TASA (11 HET)

6 H-11 H kA HT7T7 R (1I0HEDT), WT7T7 MR, Fanavy, TAVA,
vay XYy Ry R )RS =V Fav vt U
VR

3.4. 1960 FRDKEERE & VHENERDRE

1960 FRUICHKIT BTV 22— MO—FEEET N7r—AL LTED HIF 5, IHERiEE1EL CLI T, %
WEAERIIRN 4 652, £ MRk (ARD. 76 43 KUK 13 PEUEAR 10 L + #ER 1 P8 + (7R 2P0)T
H%, CLLORBITHDA L ) roT 4« FoTFa—1 (1929 7 F 7 HAEFIVE 3 # Frodlfals Cifdss
11725 TW(X 2), CLIBXOAS > ) roT o4 « F=Fa—V L OEMTHD T 7 IR 196%4FC
PASH S, (EROKEMNIA Y 71 VR ESE LN, L UERIEBASR L& 2 TRIH
L QU eifd Tl 21770 > T D,
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L9714y |

QAT 4 s F = Fa— Y O (1960 4E(%)
- < ZMORAR TP IR H 2 TROERZ D O TEIIS 2 720,

11 ADS 4 AIC/MTTiE 1 BIC 1 EEA 52 %, REAT U LICHT T VRS, HDUVITRAT L
e -NA D))

2 Yo~ 2HHDRT

, Fox | TUE | fiEoF
e FLUEE (D] (D) (o) R R
1:FaF =l 5000 600 600| 300kg*3 /'
2 ULTYLIRH 2000 600 600| 500kg*3 /X B8 H FAIAH1 A
3: ULUY LI LR 9 A FA)10 B 15 H
FATA &Y 2-3km Hi) 1500 300 300 300kgx1 7%
G 8500 1500 1500 2700kg

#3 N —HFHOMRAF

Hragzv 30L
AabfAFT 100L
b A 20L
BT F I~ R 20L
VACE S WA 10L

K NAT T TYHART YR EDELNENROARY =3RS, 3 <ITEE L
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#* 3 OO DA

XA DERIZ & HIEHOIR 4.5kg (1.5kg * 3)
77 NF T ORR Tkg
LATRNT ) F DR 2kg

Claytonia DR 1kg

7 a ) O 251

YFXT O 40kg (4)

INA Y DE 50kg AKLE * 3

¥ AAIORNUT S F I ERMEDORIELIZE Z DN TEY | 1 DORFDBITEB L% 1.5kg DR
SEohni-,

F7- FEEOIENC, T I3 1 AHIC3EBLOT 7V OEWIIEH #i5b =t D 2 AifE L,

4, B

TV a— MBI Y Y —7 O A& PHEET DIEEGROEIINR D LN LITTE TITHIER
SHTEN, AFEIC L0 BA Bl EZ SN T 5 2 23T, 7Y a— MEBLal) v—7
DI E2E LT e TR Y . — 2ORFE~DIRIFAVD 72\, BRRAENC L0 & D70
BETH, EREEE T, HDOWITINOMFEIC L DN TRET, REE L CREGROME R
—EL TV,

Af T L7z 1960 FAROEEICHA~D & 21 #ABHEDIEFERONHE T 2 fJHOEITT - L7 <
AR ED DB OEE B RE O LTCND, SHICHEE, AL L TEETS 80 ) Lnid, AR
DONEDIZIR D D205, FHWERD 5 HLETETHZ < DAL I X D FEIIEE ST D DIERY —
FBLIONA Y OEOHRTHY | YT ORI EALBEL TRV, ZAhERESND
[T ER, BIECNLOEERAZ ENL HWVFIH L TWANE, & BAR5TRETHLNII L TN SR
oD, FIABIOFAE CITIAE Leh o TR, 55, BERICOWCIREELFEA L T T
ETH D,

B ONTIE BIZE L DAL PBEEED FHEE1 T2V, BROEREEZI1IND &L bla, AAMIE
o > TR~ AR AT DRRPERE R L, B0 R LA ER e x5, E7BRER
BENZ K DTN o o T BRETAEN 6T DRI DFF A F MR R, sii/e EDBIET 5,

5 HhYIC

T LT ¥ v IREEICRET 2 EEROAZETH DI I 2 LTl Y . BREAENZ L > TR
IREB R T A T LITI N E Vo TUONY, THE TOREMI LY, EEFEAHIC WG 2D 5 &
W) HEREE 72D T, SHRITEEOEFRICOW T & BE RV RELFIT 5 & L bic, BifE
OEFRIFNZAONWT b iE 2D 5, £i-a o 7RO E AR SRE & L 12, 7~ ZAER
BEOWRIZOWT ORI L. IR OV TOERE XHHRT 5,
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e R HIES
ESRVAEN === LY

FHESIZBAL L, 7 A= DR OIV )N 2 77— 297 ) W ZF AN CUER O S E B (F—TF1)
D RSB STHIZM AT LT, ORGSR, AN DI T DNF0E D KOG N A
TN, Z VTR TR QT A 41 0B T T T OREE D OO IROLIL UV, F
7o WZZ D I 7RGAN IR II I L 22N DD DR B UF RO HE/2 8 NDJEEE A
DB BOND,

NFEDAKEH 2 T HEH T, A5 - e R (BlAE IR OB 7e TUFebiaun, 208
HEEHO T, U TICHEHLID EL CRABIIER TERD TR T T A — L ED D
BAGINZ T HZEDNTEDLDH LIV, PESILCIIVD3, ZLL EDOFRENRDOZ DI -T2 LAT =
AT FTHEHAL . ZHMERE T DR TR L QR T T LA — bl F88R, B A~DEI 7R
ERCRAGTZ DI 2 LRI, AR HL QST - e ZDiE), B AT
(ZEADSL AW PRI 2R F D ZERA W BT bULTIZ SV DHT2A),

7233 Sasaki (EIRIH) Tl PESSUT DY RIHEE COREIE N H A Bl DR BREA R U7
D, ZOHT, BN IADBSIDOIERERBULN T DA T ELEOTD I GV, AN IAFFHREN
HA B DA FEEEN B AL EOBEA AT D8O tRLT-, ZEZdbE Y7 —F 72815
BN AR E RBUEN T I A B L33 DIRIA T3 5D121%, H2TRERED TR 72K
RN DA AR INEF AN AT 2B E I ELTERIL, ZOB X% LZAIZE > TUHHE
DIEHIZETIBVAATEN, VRS TGREA DB AL BT, BUFIZ A48, 28123 72<7eb b bl
KR ERATENDINTIKIWEN T AT EITIR 2 LREEL VU R T OROEL 72729012, A FEIX 8
N IA DB IR, SREIE RO BIGN RS2, UL, 2O ENEFE T AUEI 31 5 &R
FIENEEOEEHIT L2 D, BERCTIEH T NFHDOBRTEIT S 1& A SRR DD E D) D AR
ROFEND, BAENT A DB DIEELL TRNAEE TEDHEA),

2011 FFFELIREI T, 7 L=V AKCRIZEBIT DRES IS O TR X, ARSI C B2 K0 FE TR~
LT DT IEThD, FEERITRATEE X DM O AT BIEEL | ZIUIH DB 0718 )%
B CHIREREEE NAIRERBEDME S DOAETERIZE DIDNBID 2D EHRD,

Fo, FO—TUALEY 7 —F 7 COBEN T AR T 57 — 200, AURENZ BT 2BOER
FRBTEIE 118 BARA DD DB AEDE DD E RN DT 2T T UL TRALTIETHD,

SCHk

Sasaki, S. (in press): Establishment of the large scale reindeer herding in the European and West Siberian
Tundra. In Stammler, F. and H. Takakura (eds.) Good to Eat, Good to Live with: Nomads and Animals in
Northern Eurasia and Affica. (Northeast Asian Studies Series 11), pp. 77-99. Sendai: Tohoku University,
Center for North East Asian Studies
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G3c HEOFEEIT, BRERAE) O HUREROAETE DR L LU HBIHIOFE « S22 5N T
5L ROZEOBHIZRBN T —T— RE 250 - Mt Sz a2 2 L Th o,

A I TT D ICdT- o L, IR - KEBYL L TWaKE, KOEIUf > TEEL TS
BRI 0L LTAEITH D &V IFRICE > TV 5, IBREIZ X - THE U TV A KED s
RoOAZE (g7, BeE. Fl. Bk BERY) TOMOAEIFIZED X 5 758% KIF LT\ D Dh,
ITBUTED L D RBEREAT > T DHD0, FI-KEATR LS T DITHTc - T, BEFrm & Rk
DED X INENFT HNTNDEDD, L) K9 BN DIEZIT> TV D,

TG T, FIUENAFER OCHERZOTEE VTS, BRI 5815, A2 T a—,
T N, BT 7 XD DI GRERDOIE < b (Brgy, BEREER YY), A RAT 4 T
OGN, KOS - Migathic B9 2%EL V2 —Th D,

74—V N E LClE, V7 —Y 7R, B ORI KENEEZ > THhD LI 778y
JIL I v < IFHROR 238E Uiz, F7o W SEEBUF, Y JEREFEE e, skt
RIZEAD A B TEIRECA v ¥ T a—% ToTe, £ XU T - Fav=y Mtk - Mtz Bd
T D EBAIZIGE L LTRSS D720 D% & LT, Bl LIT-72, TORE, KELEHD
HEFEA~DFE, BORAOGEL, BEOT vt A Wik - FEIsEEO SR : ER B2 0 > 2dh b,

ABITAED L~V EED D T2DIC, L0 L OERIR CIHELZTT O LFRIFHZ, ~A AT 4 71
e E O AT 2T ECTh D, ETERBIFEANDA 2T 2—OFMZ LV | BORREEE
IZHEEZAR T, D 7N —7" L DL U CTlE, AKEN ORI 2E5=4 1 7 &k Kk
OUKIZBEIT 2B R BB OFIHNE 2 D, Fio, BSH - st ER0ERIZ OV T, ZRETO
RZ T r Y =7 MNTHEgERA R L, 2 IE L T 2 &b METH A I,
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YIRIENZ 31T 2 BRET 2B & RS

R T
NS ERERE faa HUBRER B AT EAT

1 FL®IZ

ARHRENTH Y T DY AIFIENZISN T, HERERKIZ X DBRETAES & Ok s, Sk o
HIEDATHON TN D DINIHONT, ZO— Izl oI5 bDTH D,

7T Y NERNEN L, #ER BT ARIDMED S L TIIEmR B FENGFTOO LD TH LA, £ T
b S ESERETRBLOZENH TN D, P THIME L~V TREREREL 72> TWD 0N, iz
LB L D L R ONDBOK (ROSFMIHIK, KAREMAIC L o80K, ZRICLDuka L) T
b5, T ATIEDHREDOUKITEZITRAIR AR LD L L TEROPIHAATNTE LN JTEZD
FUEDERDOE L LT Z Lo Xy, KFE LTREkEN D Z & Lipole, —HioMil TI3tfnE
BOFEEO T T, BEMHRISh TV D,

RYTTRY 27 MIBWTIE, XURAE) K D E RO TG ~O BN EET —~ LIR>TnD
0. KEORHRE LTOBERIZDRELBDTH D, ARTIIET, YITBT 2EFEOUKEE~
WBl 2, €O LT, BEOT 1 RITHONT, 1TBHL MERMOEHRIER LY TTIm vy,

2 FRASME & Tk

2010 44, 2010 AE RS FEFIE ORI L OB ZIAE L, SUL NEER AR L 22 58188, 1
VHE T a— KOSHEREEEI T T2,

FYEERIC I 2 E2iA T, ITEORBEEENC & > TR EWEOH TWD, AL KxraL
A BARTRRT NAT 7 B2 TR T D, FHIEATK 600 A, BRFEERIIIEAINC Y AL AT, 5
fAE, FAR. BHE, BRAEMGETE., RO ETHh D, I EZ T 7B Y)IFERICALE TS 2
DOFFIE 1998~2008 4T, KA LFIFEIZ LK > TEOBNR X IKAIN E3 o TS Envvd | BRI
7= UK E B L= (Alazda2009), #J 104RICIEDHIKIC L V| A2, RRCA BB ICHR AR )
HTEBY, BERLFELE,

7 7P LTI ERRITNAZ T, AT 7 ZAK (RIZHAADEFET DR, 7 R 2—v
XA (XN MMDEET D) HEEA~DA o Z T a—b1Tol2, £, BEOEMTUOK)E
BTHZLICKOBENREL TS, AL Kby AAZERRY a— 7 hkt (FlZo T = AN
FET B8 HEEZE~DA o Z T 2a—biT o7,

FEERCOME &L VAT LT, EEEY 7 —Y 7 PR UL OB 72 8T, ITBEHRE~DA 2T
a—p Tolc, THETICA U F T a—%ToTATBHEBAIILL F D@y Th 5 - A JEmEEE, ¥~
JEFIER BB - HEET T, P ITREIERFREE . AL RRab g LA 7R, SEFEBURHKIE
OWfgE7T ey =7 kb 17 Z8Y 2008), EOICHHOA ¥ —Ry MeEOSAAT 4 7 &R HNWT,
FIEBUNDFATT HEA K OT LA -« U U —2ABIEE LT,

b RO E AT DGR KB BRI B1T D RN A B RO,
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31 WK YU RZIZHOWTOIFNE KR O 7 #E OFE

P IEFNEIFEF KGR G VR T D, FEFEPNIZITRE 10 Ll ED)I7As 70 STUL ELHD,
ZID ZNBAKEEC DT\, IFIEBFICE DL NEEAE TR TOSFER (KR OHT) 238tk
AP HINPZ D, 2010 AFBIFE, KDY AT PRI RKEWEEXIT 92 HY, 2D A 0% 136400 N THD
(Postanovienie 2010), ¥~ A A1% 951,400 A THY 2, H~D N QDK 1A% A7 I ZSHLSTND R
BT72%,

KUEENZ LDV DPIK Y A 71200 TE, = Vf@ﬁﬁ LV O EETHELNL TS, vv T
KSCEEHIIFT (Rosgidromet) (2425 e 7EURIZE1H 5 2010—2015 FOXMFEEE L OFDOuL T HEFIC
5.2 258 2 OU T ORGSR T4 (2005 A7) Lotzat PO IR LI LD K AR Lo i
722G T T K7 E DRI ABOKIT 2015 FETIT 2 fFITHEZ D, EI2 T O OKDHRKRIEN
20~40%Jk/ 0 L, HOREHART R OVGRE « flfiE 7 o 23 k&< b 35 & IS TV A (Postanovienie 2010),

32 YILFIEIC IS T Dok E O FERE

2010 AT IEFIEBU G NS BOKIZ B 58S Tl T ORI ENR RED S TAFELED
WEFENRDINTFEENTND, 1 b—T b =3~4 MFEEELT 5L HEOINEHE~ A EMH OYE
BHTWAZ L5,

# 1 PoKIZEAHE5EEE (Postanovlenie 2010)

4 HAf L—7 L
1998 939,400,000
2001 7,000,000,000
2002 114,600,000
2004 439,000,000
2005 97,400,000
2006 7,700,000
2007 1,088,500,000
2008 939,100,000

PWEOHHO—FlEZTDHE IHFRPIO KK THD 1998 121 206 DJEFEX THE, 5 AL, [
DIOPEZEZITT- NIE 47,000 A, 15,000 DL EOFREANIK (OB 746 §if) L7p> D, FTHET
H DKk &7 o72 2001 41T, Y D 35 DELDH S 10 BECHE (Y7 —Y 7 L2 DE0%EETr)  HbL
Y AZ ORI, —EOJEERITTERITIRIK, FEEDHY, 3489 DF R, 7040 B RNtRY . £t DG, 400004
ORI ER AT AIET AL DS, 2184 BEOZEENSELC, 30 Nt OREZ AHT D)
K, EVIOBREIRL Cd % (Postanovienie 2010),

2 200041 A 1 ABIE,
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N AAT AT IEHRE OB BIRHEBT COA L X T 2 — 2T 58, REL L TR AR DAL
THIKDSRFRSIRD 7= DT 1990 4R T D, 1998 AEICRE/EN =28, LI, ok B L7
ZHIZID RO MBENERTFZSND I o7, 1998 4ELIAMCBIL Tid, 20 fifliZ ek &7,
HoKIFTHDIZUTY 10 BRI — RS T E 70 o7,

Pk SEFEELU TR T 200890, BEEE LI b TbERbS, VE = NEHEIZ L > TE
FAEPHEDLNALLHT, T70h 20 HHERTEETIE, D A2 IFBIFELOGIEEED SV VETEEZ L T,
ZDI | KEZI> TREEA T ELNLFREIT 2> Th, EFAREIEE I IRE R HRFLLTES 2 e
ST=D TRV INEEZBND,

33 PAKRRICEI b 2 AR

BKRA~DORIHAL & BERIZ I3~ 728BI 23 B > T D, D b v Z I3 SRIEET C, BoKIzBIh %
PEOFR, K OB FAEA T T D, FEBUOEEE CHRERRSERZI T TODD0, Y JFnERE
BB H B T T D, ZOREBIITAE 2 (8] H O KBIK DTS 725 2001 AR ARSI, Bk
P, WG ST, TREDT- O OREREAT-> T D, T OO BRHERIE LTl Y JEREIER FREs
EHNSFNE H RS DS UK ORI EEH AT > CVD, SRR TR L NI, 7T dES D
7o PAEREEE S —E A = LF — | Y RNEERE - B B M PE A D AR I B> T
%o FTBKIZ I THERZSRERHR N AEL DT | A IEFIEMEE | Y R ER SR RE D EOR
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AL Bils kR N RN PRV = o

BOKKERIZEBWTIL, KESRRROT=XY) 7 ZA TR EE A EIE A>T D, HEFIEL ~LE
=ZV7VE KGR RV ) KIEE B M T TG, Floay 7 {OE=2) 7 iEHablil, v
T EFRAKSCR SRR T BRBE A IO TR Z AU E W E D TR 21T QD BkxRIZE
WCEELIZ, BUFOKIEIZ L DFEMTE 7 2 =7 MO RS AL TR | fF7EE ) DESR NI RZH ~DIESH
1T s,

34 Bk

BOKDBREITHL Z 0 | WSS REE & S D ERBERTEN R 95, T JRnER K B 1R L
B TERI I EAEA CEDIZTIG L QO WD A TR &4 T TRV, 4ED LW E A 32T 2 Hits 2kt
L TRAZIRET S,

INFETITHTOABAERE AL BRI T LR LIS TS, TV 7 Z 7R T
FEFREDNE EUTZBRIIA NS L T T T o — N E SRR LTEN, BOLE 255370 W E1E, 2<0
ADMEBIOBE ClI2 <M T EBH T 5L EL Qo ZOIHRIE TOBENLEENS T FEL T,
TANDOR DL HMIZH DV NI EIRICH DN % D35> TNDZE AR 22N T& D, MZiE—E
DO AARBIBHRN TETEY, A& ITENEHURL CLEI LR L LKL DD THA), 1212 UBIEND
728 OB IR~ LA LT 280 B0 ITEBF IR CEEL A Ui 5708 05
HIT>TNVD,

ZNFETOMEBFRAEDHIZ T, MOBRITBUHANFERITIREL , BiEleib ERE#HIST 54
VIO RERETZEDTENZNLD ThD, BIHAIDMEREZBAES T3 DDIE, EFEOPEMED I BIIC
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# 2 BiRDREL QODHES

JE A Jitdk AR
X714/ -7 27 Kytyl-Diura il INCTTIVER
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THOA R A AKX T 24 L T LER
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IT Y7 Kavitsa AUV F 2 21 (L)1 3 e AFD

T e 4 Arbyntsy (O | LET VR AL T LEB
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747 Kutaha TNE | TIVEER
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F =27 F %A Cheiktia TN JATF T A
~g—'7 7% Berezovka AYz— 7 B (Z < )3 AV RV DATER
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T572 U IOKIFRE T 22 U767, HURIZEIL TIIEBIT, A AT ENRIRE THDH V) AL
T, ZAUTHTEEE H FICES 720 Th o, [ELDIZEA ENBIER BRI R ESh Qb fnE I
BT, A DO REHEEIIHIBRAZ 8, KEICEEMRE CELH FRTREII R K THD, 124
ZNTEGH TR R TR L 72N B s CIIEIL TUOD0S, i FRFIEREE DM IR 2D TR TV Z 82725,
SO AL T D ORI OERICESTE D DOBREER TV EHEETHD, LUING
NGV ETBOROPEEEZITCTVEDZETHH D,

WK EZZHZLODDBUTL, Lot LI- R CHY DD REED Z LN ATREZ G A o5 2L
X, RO ROREE R LT D, T T7Z TR OEE | ERHITZEN 1203, EReO M 52 21T
THOTIF Mol FIFTEIGTTR-T2Z&, 2009 FFLUEARMME FL TWDZ LI, T AT 74
TR OB ERITIEITITE ST,

3 Yo IERERSA T 43 4L YA b - hittp//il-tumen. sekharu/2id=9986& y=20068 m=6 (2010 4F 11 H £H#)
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36 IASTHLWEFFERE

B DNREL QDR DG —HROF TIIARDEERRDEA TVD DY, BRGNS, FiR 23580 T
BT LB EES LD 0T TS ThD, (FEANE SFEBAHAO 2R E L T, £nbEO SR
FETIEHHRT, BIXIEFNCE e LV EIRER N EL QWD ZZ TR O BRI T LIZ0 N,
FERICESTHOKIZKRIETZ 23, FO BRI THOKDREE 725> TODF Tl (REEDOF O EITZ D& A
TNZAD) | IBFIEFRDSIMITAORIRES 720, TeLA)INTIE=8 | (55 I3l O HCh D, D78
FE R, BoKBEEZ BT TR BORCBENL T AT SR SIS B2 HTAT 7l L TEDE VKA
[BAHAEITNEEZ DD THD, KID~DITSIFHRFC, R— AT OO OB T L7020 BICEE ThH
A (LNTA ) —F—E /L TREITS),

fth )5, JEFNEBFFICE > CHEEROT, kN EZ D7 N AT EONH1E L A - R - fifE 4
BWHL QLK ZETHD, FRICBEL TERIZRERD01, T2 EFROATHDID  FFI A~ 25
LCEIEEDEEFREL TORRL CLEZE, EOZR Lo IHFICHKEES IO & | FifE O x5
EIRBIRN, ERMESH IR T TR SEE ITIC L TR BB A ERITHT L BURFANE T =X AR EE2
TEFAUZEDIZ W DG | L FHFRNFE > T EFFFL TWD,

TN LDZ DI RBHEMOZE T L, EITH A OERTBIZES UMBHAV L BERETH D, ViEk
RN EFACBERDTONDL LR, P NFE DR EADF LR | IS C TRTPBEZ1T> T
7= (laKA 2007: 476) , £7-F DO SEFERIES | BIHELVITDDN Tl ED S OAEEZ LT, IR IZ X
HUTKRTELBEBORIL. EECBOR ARV ST D H AL D705 0 5L F 2 8,

4 BHOIZ

ARG TIEY A EFIEE 7 ¢ —L K& LT, BB IS Z 28K 2 738585, #rEOERE, BuksbBRo7T
U hTA RN LT, EEBREABOMEE EUEBEREE . 2E D < D BURI & R Bk
DEDEHWO—ia NI Uiz, ZOPFETEF LT THY | 5%O S LR 55E L s
VBT %, ATBBIR L E DI Z 5| E STV BEATE T LI TORFEIC O EFTLH 2 L&D,
BREZASEN OO Hitele R~ D58 L BURRIOFRER AR L QWO E 720, BRI K D7k gk oz
7SI LT, D7 N—T D HIME TN EBZ TS,

5 ZEICHR

Alazeia2009
Alazeia — 2008: Razrabotka nauchno-obosnovannykh rekomendatsii po zashchite nasdennykh punktov v
basseiner. Alazei ot negativnogo vozdeistviiavod (Goskontrakt No. 017-2009). Yakutsk.

lalKA 2007
lakutiia: Itoriko-kul’ turnyi atlas. Moscow: Feriia

Postanovlenie 2010
Pravite’stvo Respublika Sakha (lakutsia). Postanovienie ot 27 maia 2010 goda No.253. Ob utverzhdenii
Kontseptsi nasdennykh punktov i ob” ektov ekonomiki Respubliki Sakha (lakutsiia) ot navodnenii i drugikh
vidov negativnogo vozdeistviiavod.  hitp:/mww.sekha.gov.ru/docs/’253.pdf (2010 4= 06 A Z:F#) ,
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s« METHERFZE D L B o —

ZEPITIE
FAEKRT #L 7 o7 e v 2 —

1 1FCHIZ

SUFZEENRTED EFR T d1 T 2 FEVE & U TR S UL U O 7 I, SUBREEIFZE & W\ 2 3REFFZELC
L LT e, M, EISAWTIUIMLEL 225 LW ) FkITH > 72 b DD, JESZ 5 LT E 5 LEEMNE A
ZINZIR VIR TH D, &) RN (preventionism) 725 2 KA Tdh 72728, —H T, FEFITK
KOG BIE, KUBEEEN LIS Tl UL K & 2553 (adeptationism) 23 FEHR S, Wifis/e# %
TR LTz, £0%, KURZEBIDERANTINT, & FEIC SIS ORI AR 5 FiRATR 725
TL % &, KUEEBOREFEN T U THags/eik EEAOY A RA A b & UTCHENSERDEE D | KUFEEE)
ORFET BEAA L FOMRPEBRINTE 22 L & bHE - T, BUEL, SRS, T3, R b s
b W LR A RIS TR T % L D BFEERRY (redism) 758 k03 ALY & 72> TN D, £ DTZD,
A F TR T CTH - T T R 2 TV D ODEBR TH 2,
ZOHFERIEDBRN S ESIAMGE SN D K912, S - Pt OBERIIZ LR b OPMER S TE T
Do BIAIE, —RAVREISDEFRE LTI TRZRT b ¢
® the process through which people reduce the adverse effects of climate on their health and well-being, and take
advantage of the opportunities that their climatic environment provides (Burton (1992))

® Adaptation to climate change includes al adjustments in behaviour or economic sructure that reduce the vulnerability
of society to changesin the climate system (Smith et d. (1996))

® adjustments to enhance the viahility of social and economic activities and reduce their vulnerability climate, including
its current variability and extreme events aswell aslonger term climate change (Smit (1993))

AR T Ta Yy NEERREE UTAEMT A7-01I2E, Zn o0& E L E 2 — L7 BT, Folt
BERHNDONEH LN LT IUTR B2, REITXEDO TRV Ea—2 R T2 5D TH D,
2 WGtk & ik

FHET, TRV B2 —Th D, WFFERIGHIBIIRAIRRIT 2203, X 7 2 G EedUEN B2 SOk % ELRY
(A= N
3 LEa—fER

AREICIL, W - BEsgtEafsesd . 2 ONE EFIEFED ZDORITTL E 2 —%1T5 T,
31 JEL - WESHHERFTE « NEIZBET %500

s « MEIFHRFZEDONFIIRE K ZDICHMETH Z ENTE S, —lk, #ENED L 52K EEINI L
THEFF7e DM, Fiz, WSROI E Z T, AREGEISIIED L 72 bD7emiy, #5 HOT, 2R
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BIED N « MEgotEF RO ERINZ IR Ch D, Z ORI diagnogtic 7 7' o —F L 41T 5 Z E N TE 5,
t 9 —olk, BT 7o —F 4T b —HONERETH D, BAMICIE, HSMIEE (sodd judice)
T DT 7 e —F T, bo LR BAuE, [IEEBIOHAMINOT (sodd dimensions of dimate change) %3
W7 7 a—FOlinad <LebDTh D, fHIEREMENRT 2 OB ELO —DIFHETH L, 2
I IEWEEEWAASIIORZ & 72 D JFRIlD—D L L TEIT BT\ 5, & LT, [N IBE ORIk %z &
DI S5 ATHEMEDSFEF IS EN 2D, T « MEFatE a2 B 2 5 9 A THEMERIIRNT Z EDOTEX N T 7
B—FThbH LN 5,

3.2 diagnogtic 7 7' —F

ZOT7Ta—FEIBIZ, 22007 Fu—F, $70h b, dating-point & end-point 7 7 0 —F 53T H Z LN
T& % (OBrienetd. 2004 ; Smitetal. 1999 ; Burton et a. 2002 ; Filssel and Klein 2006), ##13 IPCC 23~ T\ 5
T7a—FThY, EFIREFKRL WD, A7 7 a—FCid, #i - gtk s & 7= 53 8L 9
THHT U S T OIRFEIZBEI T 2 E D = & THh D72, end-point 77 1 —F LI TR Y | BEROHFIEN
HLThDH, ZOT 7 a—F Tk, BWINEENDMETIEZ RSO 5, DF 0 | [RGB — s = Magsii:]
EWORRBRA L D, 2T T e —F O HANE, WEZRT AP STV ANZIUT D MEIERS, ARGEAY 7R
HIEOFHITH Y . FERMITERNEITIRO LB TH 5,
o JiEssth A i/ MET 5 T2 O DIRZERN R IT A DEEHIBHIR L E 5V b D
e FoHuENY - & BHEgI?
® LN L ORI A MIEOFEE)? (Ford et d., 2010)

—7J7. B IPCC @ end-point 7 7" 0 —F Tk HALENDIRE SN TWDL T 7 e —F ThH Y | Migalkz %A+
FTEETHDOTITARL , gating-point & LTEZ D LD TH D, Mtk TH BRI TlE/e <, T+
HOMEEPE] (Kelly & Adger 2000) Z 5 L T2, BARAIS, FEarOMEgsit & 1E, ARSI T3 A A

LR (RUREBOBSRSE) ~xhL, s, £7o, [BHE, &0 ) BIRICIW T, EA - A B DR OSUGHE
HkoTHhES, 255, ZOT7 Fa—FOERNET—<ITRD LBV THD,

HE. T LTNEEs e 0ny, 2 L CRuMEss72 002

NBEIDSED TV DRI 7 1 & ADWEHEC ED K 5 7B %E L1253 0 ?

Mgt & D & 5 1Z3ERYE LT D2

HEEgtEOIREEIRNT & D K 9 IR A — )V CHENTT H D)2

FfessitE 298 S5 7o OIZI i &2 AU LV oo 2 (Ford et dl., 2010)

Z ZClE, dating-point 7 7 —FIZOWTHEEL K AT Z EIZT 5,
darting-point 7 7" v —F OGEAIFSEIL, Adger (1999). Adger and Kelly (1999) T 5., Adger (1999)i% T2
AONEESE ] OBES A L, 2O AME R TT20Dr —A AL T 4 B1To>Cnd, BRI r —AZ 2T ¢ 1%
N RNFRZBT YA 7 0 AT DMIHEE R L2 b O TH Y | ZOFHEOT-DDOIEE L LT, AR, RF
L, HIEREISO =2>Z2 VT 5, BRITERERFSE CEHIl (—AX720 GDP 72 L) LTHY, AR
JfEam 2 5 | &l 2 JIRIRARRES & L, RGERISOBIUE AR S Z & =2 A RV A FOZERMEDR/NE L
RESNIZHDIC/R>TLEIZ &, ZLTZURT—RA 2 FORIUMD =D& ZET TND, RNFEETEESLT
HA MVA L NOEREFHICHIL Tl Y | REEENRNMaEstE 2 5| &kl 2 JIRRRRE & U<, BT ER
~OAFRHEIRT Y H A MV A hOEFPERPT S Z A ML A MTHEEEEL KT 2 & I, R
WENERNZORDY) | ZINT L ZA FVA L FOEHITORND T L 22T T D, £z, Hil BRI
FEOBIERGE, 2007 B CEMANCEHIT 5, BRI S E L LT, FlxiX, v~ 7 e—7 ORE1 L
MHEATZRER & LT, 1900ha DO~ > 7 a—7 3 koi, O THI~OBENEATS, Tk har7miz
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ST AR B R Uz, S BIC, [IFFSEClE~ v 7 o —7 204 2 & OB AERS ST, 0
AR AMUNADE 2 MEFERROEIY— E A LIRS N D Z LICK Y| w7 u— 7 % B S 2 1) SHEIE 3
winwin OB & L ClRIE Sz,

33 Mg T 7 m—F

ZOT 7 a—FORFENLMTEL. Adger e d. (2006) ThH D, ATAEITIE HIZ DI TE 5 2 b iddtims
FEDMGHITN D, T7ebb, HEVERE L FREMIERTH D, AiE O, HBRVERICE L T, XUEZE
TOFBIIAANETH Y | F LOWEEHE 2 AR B 5 Z L 2 F5ii L T D, S HIT, KUEEE O E
2T, BINBOR BB HM L AITHAZ AT Z L2k | SEERICOWTEEAR D, et
FELRRTIUZ e Bl &35, [0 a9 2 R BRI T D 4 DD FE L HDH Z LN TE 5,
1 SEEED R ORUEAE B T D B 2
2. JEEENLE EEICK L TENL BUWERE Lt iUz b oy, £z, ZOEBARITeEER T2

DENGHET HRE2R2D)N?

3. LCoOEIEBIL, EOX D RESRICEIIT A RE DN
4. EISKRICET AERIEE EDO X HITATHIRERDOMN?

Z LT, BRIk s LT, Fitd 4 DBNAIERBEIS DT OISR KIZLRE L TN D,
1 faRASKEEE 2l T 5 Z &

2. RKEMOET

3 MR EERAEFH ICEET D

4, FTRCOT 7 X —=NBNT DAERBN

34 Tk

Y7 T —= IR —ODTET —~ & L TET N5, AEICILE « Mgt e B 5 ek amit
DOLE 2—%1T 9,

TEFRH A HOMSERIZINE T, [UEEENCRET 28 DOxIG L 70D Z 13D E D Ieh o7z, TEREE, i
PEAHRLE TOVEERVACKT 27 v F 77— L LTSN CE IS TH 5, 21 I A-TnD, s
SOWETFMEZ I T DI A 5 2 5125 72> T, TERADHEZIR S K 912720 | A IR L) S<oMag5
PEIZBWTARAIRZRBEHZ DD TH D E NI FBHENILE D 2>oH D BilZiE, Fordand Smit 2004), 1ERAINL,
Hulg D SR 8 o T k724 T < | it 2 - BUEDO KA b(King, Skipper, & Tawhai, 2008) 252 B~ % s 4
LIt TE B, WISORIEZE F D D T2DITIE, TR E W= 0 R072 & 35098 6 & 5 (Pat & Schroter,
2008),

BT OTEREN G B LIz S AL ORI Marin (2010)3%F 55, 2006 4F 7 H ~2007 4E 4 H ISR
FhE, sumgovernors, land officers Z XI5, A Z B a—%1T0, SitobT. AR 51 OEMZEHA % L7k
B SUOMICL D, BESAEEZF SR L, A EDN - EEE R S8, S SICREBES &S
T eV, EDT 4 — RN T R OZ ERREMNSH D Z L3 o Tz, ZHUTRFERTHIEAE L T 5, KB
B X TS Z EIFRVPRT — X K D EDT DR DAV o 7o’ ZAIUTERAHESTWD L) Z &
TIEMT LB, A LA VOEWTERE LRTIUTR BV ATEERE b S D, T O AFIEIC LY | Hilk
DERIT L > TRPSEET, 1452 Z G720 & 7 DO H 7210 Tl | AMZHEFHeony, L)
Bz ERMT D ENTED,

F7o, EHRMOKEEETE~DOERRO ATREMEZ 1Bk 35 = L 2 HAY & LIz k4 ¢ Sachs Harbour (23517 %
AF4E(Ford 1999 ; Berkes & Jolly, 2001)i%, [AIHB D SUBEZSENIC L 2 50280 7 A< Inuviauit 05U B8 Bais
HEROFER & . (ERNEEAFIUCSINT 22N TE (ZOPP T 7 u—F72 L) #HAWZRER, BHOERIR
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