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CTEINHX TPAHCTPAHUYHOI'O BACCEMHA PEKH CEJIEHTA
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Peculiarities of radial growth dynamics of pine under arid regime in the ecotone zone of forest and steppe
of the Selenga river transboundary basin as well as the possibility of using the tree-ring chronologies are
considered in the paper in order to reveal regularities of moistening variations in Western Trans-Baikal region.
All the chronologies have revealed the availability of a strong regional climatic signal caused by precipitation
fluctuations for one hydrological year. The correlation analysis has shown that the tree growth dynamics
records variations of integral indices of water regime during many years in this region; it means dynamics
of the Selenga river and the Baikal Lake level variations. This allowed to obtain reliable statistical models
for reconstructing water regime indices according to the tree-ring chronologies as well as to analyze a cyclic
structure of moistening variations. The revealed large cyclicities in variations of water regime characteristics
allow building statistical model for predicting the Baikal level dynamics.

OrnpeneneHHyIo pojib B pelleHHH MpooOaeM IoOabHBIX U PerHOHaIbHBIX U3MEHEHUH KiinMara
U YCIOBHUI cpeAbl WUrparoT JACHIpOKIMMarhudeckue uccienoBanus. Hambosee mnepcrneKTUBHBI
JEHAPOKINMATHUYECKUE UCCIIEOBaHUS B palOHaX C SKCTPEMAaJIbHBIMH YCJIOBHSIMH MPOU3PACTAHUS
JIEPEBbEB, INie OIUH U3 (AKTOPOB (TeMIeparypa Uiu OCaJKH) NOCTOSIHHO JTUMHUTHPYET paauaibHbIH
npupoct aepeBbeB (Fritts, 1976). B ycinoBusx HEIOCTaTOUHOTO yBIOKHEHHS (CTEmHas 30HA, 30HA
MOJTYIYCThIHA) W3MEHYUBOCTh PAJUAIBHOTO MPHUPOCTA JEPEBbHEB TECHO CBsI3aHA C KOJEOAHUSAMHU
ocazkoB. B 10kHBIX cTemHBIX paiioHax CuOupu, B pernone lleHTpanmbHON A3uu, B 1IEJIOM, TJE
KoJIeOaHUs peKuMa yBJIKHEHUS BO MHOTOM OIPENENSIOT MEPBUYHYIO MPOTYKTUBHOCTH CTEIHBIX
9KOCHCTEM, IEHAPOKIMMATUYECKUX PAabOT MO PEKOHCTPYKIUH JUTUTEIbHBIX U3MEHEHUN YBIAXKHEHUS
Ha JaHHBIA MOMEHT HeznocTarouHo. Co3/laHue CeTH CTaHLUN JeHIPOKINMAaTHY€CKOTO MOHUTOPHHTA
B DKOTOHHOMW 30HE Jieca W CTeNmH 3amaaHoro 3abaiikanbs (Ha TeppUTOpUH BypsaTuu) u moiydeHue
JUITUTEIBHBIX IPEBECHO-KOJIBLIEBBIX XPOHOJIOTUH MTO3BOJIUIIO TaKyl0 pabOTy OCYyIIEeCTBUTD (AHIpPEEB U
ap., 1999). [IpeacrasnsieT uHTEpEC pacuimpeHne U 00beTMHEHNE UCCIIEAOBAHMM 110 BceMy OaccelHy
p. Cenenra, BKJIro4asi TEppUTOPUIO MOHTOJIHH.

Ha Tteppuropun 3alaiikanbs, B Poccuiickoli wactu Oaccerina p. CeneHra OOBEKTOM st
JICHJIPOXPOHOJIOTUYECKOTO aHAITN3a CTAJIN IPEBECHBIE KEPHBI COCHBI OOBIKHOBEHHOM (Pinus sylvestris L.).
CO6op, 00paboTKa 1 aHaIU3 ACHIPOXPOHOJIOTMUECKOTO MaTeprasa OCyIeCTRISIACH 110 OOIMICTTPHHITON
metomuke (Fritts, 1976; Cook and Kairiukstis, 1990). ITomydensr u uiccaenoBaauch 25 IIUTEITBLHBIX
JPeBECHO-KOJBIEBBIX XpoHONOorui (JAKX) mo 367 XuBbIM JepeBbsSIM. OTH TEHEpaIM3UPOBAHHBIC
XPOHOJIOTUM HMMEIOT BBICOKHE 3HadeHHs Koddduimenta vyBctButenbHOCTH (0.30) M cTaHgapTHOTO
OTKJIOHEHHS, YTO CBUAETENLCTBYET: BO-TIEPBBIX, YTO B HUX COMEPKUTCS CHIBHBIN KIMMaTU4eCKUN
CHUTHAJI ¥ OHU TIPUTOHBI IS KOTMYECTBEHHON PEKOHCTPYKLIMH KIMMAaTHUeCKUX U3MEHEHHI; BO-BTOPbIX,
B XPOHOJIOTHSIX MPUCYTCTBYET 3HAYUTENIbHAS PETMOHANIbHAS COCTABIISIONIAs, OOIIast ISl BCEH CTEMHOM
30HBI. Ha 0ocHOBE BhICOKO# KOppensiiu (B cpeHeM, R=0,60) Mex 1y reHepaTn30BaHHBIMH XPOHOJIOTUSIMHU
ObLT1a TIPOBEJIEHA MTPOIIeTypa OOBETMHEHHS B OIHY PETHOHAIBHYIO TI0 3anaiHoMy 3abaikaipio, KOTopast
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WCTIOJIL30BAaJIach JUTS aHaIM3a KIMMAaTHIeCKUX (YHKIMA OTKJIMKA U TMOMCKA CTAaTUCTHYECKUX MOJENei
PEKOHCTPYKIIHH.

Jlis BBIZENICHUs KIIMMATUYeCKOTO CHTHAjla B M3MEHYMBOCTH WHIWBUAYAIBHBIX U OOOOIIEHHBIX
JPEBECHO-KOJIBLIEBBIX XPOHOJIOTUH UCTIONB30BAJICS METO/I INIABHBIX KOMIIOHEHT. OH ITO3BOJIUII PA3JI0KUTh
OOIIYI0 U3MEHUYMBOCTh Ha COCTABISIONINE, KOTOPhIE B3aMMHO HE KOPPEIHPOBAHHBI, U OIICHUTH BKJIA]l
Ka)XJI0¥ U3 HUX. AHAJIN3 MOKAa3bIBAET, YTO NIEPBBIC TPH ITIABHBIE KOMIIOHEHTHI B CyMME OOBSICHSIIOT OoJiee
90% oOmielt Aucniepcuu psifa, Ipy 3TOM Ha TIEPBYIO KOMIIOHEHTY MPUXOAUTCS OKOJIO 65% Aucriepcum.
HNMeHHO oHa onpeAensieTcsi UBMEHYUBOCTBIO KIIMMAaTHUECKUX IEPEMEHHBIX, U, CIIEIOBATEIBHO, SBIISETCS
OCHOBHBIM OOBEKTOM ISl IEHAPOKIMMATHYECKOTO aHAITN3A.

Jns1 neTanbHOM OLICHKH BIUSHMS TEMIIEPATyphl K OCAJAKOB HAa MU3MEHUYUBOCTH IPUPOCTA IEPEBHEB
paccMaTrpuBaiach KOPPENSIIUS BbIACICHHON MEPBOMl KOMIIOHEHTHI C TEMIEPATypOl U OCaJKaMHU 3a
JECATUAHEBKY [T Tieproaa Habmronenuit ¢ 1922 mo 1990 ronel. BeIsicHIIIOCH, YTO HA U3BMEHYHBOCTD
MPUPOCTa JAEPEBbEB B HCCIEAYEMOM pailoHe HauOoJblllee BIUSHUE OKA3BIBAIOT OCAIKH, MPSIMOE
BIIMSIHUE TEMIIEpaTypbl HE CYHIECTBEHHO, KOCBEHHOE, OUYEBMJIHO, MPOSIBISIETCS Yepe3 YBEIUUECHHUE
TpPaHCIHUPAIUM U YBEIUYCHHE BOTHOTO ACPUINTA. YUUTHIBash OCOOEHHOCTH CE30HHOTO pPOCTa
JIEPEBHEB B YCIOBUIX MOCTOSIHHOTO BOAHOTO Ne(uIluTa (B CTEITHON 30HE WM 30HE MOIYITYyCTHIHH),
MOXKHO TpEANoiararb, YTO BaKHEHIIUM (PAKTOPOM MOTOAMYHON H3MEHUYMBOCTH MpPHUpPOCTa Oyaer
M3MEHEHUE BIAKHOCTHU MOYBBI, KOTOPAas ONPEAEIISIeTCS HE TOJIBKO TEKYIIUM MOCTYIIEHUEM OCaJIKOB,
HO ¥ IPUXOJIOM BJIAry 32 OCEHHUH MEPUOJ MPEALLIECTBYIOIIETO roa 1 3a CYET TassHUS 3UMHUX OCAIKOB
(Fritts, 1976). IlonTBepkaeHUEM SIBISETCS CHIbHAS KOPPENALMOHHAS CBSI3b MPUPOCTA JIEPEBHEB
(1-XOMTIOHEHTHI) ¢ OCcaaKaMU 3a TEPUOJl C CEHTAOPS MPEAINISCTBYIOIIETO TO/la 1O aBryCT TEKYIIETO.
Ocaaky UMEHHO ATOTO MEPUO/ia B OCHOBHOM ONPEIENISIIOT HaYaJIbHOE U TEKYILEE BIaroCoAEp:KaHnue
B TIOYBE.
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Puc. 1. Pactipenienenue 0caikoB IO TOaM:
1 — nabmomaemMbIe 0cagky (IT0 JaHHBIM METEOCTAHIIUN YIIaH- YA3), 2 — PEKOHCTPYHPOBAHHBIE OCAIKH (110
PETHOHAIBHON IPEBECHO-KOIBLIEBOM XPOHOJIOTHH); TI0 OCH OPIAUHAT — CYMMBI OCaJIKOB, MM; 110 OCH a0cuuce
— TOJIBI; )KUPHBIE KPUBbIE — S5—JIETHEE CIVIAXKNBaHNE

Bricokue 1 3HaYMMBbIE CBSA3H MEX]Ty U3MEHYMBOCTHIO IPUPOCTA AEPEBHEB U OCAIKAMHU 32 MTEPHOJ
C CeHTAOps MPEeANIECTBYIOIIETO MO aBryCT TEKYIIEro rojla MO3BOIMWIN MOMYyUYUTh KOJIHMYECTBEHHYIO
MOJIe/Ib PEKOHCTPYKIIUU OCAAKOB MO ACHIPOXPOHOIOTHUECKUM JaHHBIM (puc. 1). [To cunxpoHHOCTH
(70%), xputeputo Dumepa (39.721’65, p<0.001) u xoppemsiuu (R?>=0.38) kadecTBO MOJEH
PEKOHCTPYKIIMU OCAJKOB MOYKHO CUMTATh YIOBIETBOPUTEIbHBIM.

HanexHo peructpupysi exeronHsle KoiebaHus OCaJKOB B CTEMHON 30He 3abalikamibs, EpeBbs
OTPAKAIOT B JJIMTENbHBIX M3MEHEHUSX MPUPOCTa XapaKTEPUCTUKU BOAHOTO peXHMa (CTOK peK
n ypoBeHb baiikana) (AumpeeB u ap., 1999). HambGonee wHTEpecHa BBISBICHHAS CBS3b MEXITY
MHOTOJICTHUMH W3MEHEHHUSMU TPUPOCTa JEpeBbeB M KojeOaHUsIMH ypoBHs 03. baiikan. Mopenu
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PEKOHCTPYKINHU 00BACHAIOT 70—75% M3MEHYMBOCTH 0CaaKOB U cToka p. CeneHru u 50% n3MEeHUYMBOCTH
ypoBHsl 03. baiikan. M3BectHo, uto crok p. Cenenru cocrasisger 50—-60% npuxoma Boasl B 03€po,
II03TOMY CBSI3b IIPUPOCTA AEPEBBEB M CTOKA MPENONPENEINIIA U 3HAYUMYIO CBSI3b IIPUPOCTA U YPOBHS
03. baiikan. [lomydeHHble aBTOPOM JaHHBIE OCHOBAaHBI Ha MPUYWHHO-CJIEICTBEHHOM LEMHU COOBITHMA:
MU3MEHYMBOCTh OCAJKOB (M, KaK CJIEACTBHE, U3MEHYMBOCTh NPUPOCTA JAEPEBBEB) — H3MEHUUBOCTH
CTOKa — H3MEHYMBOCTb YPOBHS 03epa. To €CTh NepeBbsl SABISIIOTCA HAAEKHBIMH PETUCTPATOPAMU
M3MEHYMBOCTH MCXOIHOIO Ipolecca (IIPUXoaa OCaAKOB), KOTOPBIM B KOHEYHOM HTOI€ IMPUBOIUT K
KoJIe0aHUsIM YPOBHS 03€pa.

[annsle ®Dypbe—aHanu3a, PEKOHCTPYUPOBAHHBIX [0 JPEBECHO-KOJBLEBON XPOHOJIOTUHU
JUHAMHMKHU OCaJKOB U YPOBHS 03€pa, MO3BOJIAIOT 3aKJIIOUYMTh, UTO B nocieqHue 250 neT cTpykTypa
LIUKIMYECKUX KoeOaHui 03epa He IpeTepIiena cyliecTBeHHbIX n3MeHenuil. [IpeoOnanaror konebanus
B 27-36 u 10-11 ner. OTn naHHBIE NOATBEPKAAIOTCS pe3yabTaTaMu uccieqoBaHuil B CeBEpHOM U
HenTtpansroit Monronuu (Jacoby et al., 1999). Takum o6pa3zom, mpeAnonaraeTcs, Y0 CymecTByeT
Xopomasi KOppessiiusi MeXAy ACHIPOXPOHOIOTMYECKUMH psaaMu 3amaaHoro 3alaiikanbs u
psAnaamu, NOITy4YeHHBIMU Ha Tepputopun Monronuu. Ilpencrasiser nHTEpeC IPOBECTH COBMECTHBIE
JeHIPOKIMMAaTHYECKUE UCCIIEJOBaHUS Ha BCEil TpaHCTpaHUYHOM TeppuTopun Oacceiina p. Cenenra.
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Forest related studies in Mongolia had been started by the Joint Mongolian-Russian complex
biological Expedition. This expedition had studied geographical distribution of forests, the main
forest types, peculiarities of natural reforestation, age fixed structure of forest insects, and water and
protective functions of forests since 1970s. The results were shown in the four-volume monograph
“Mongolian Forests” and other published works.

The study of annual ring widths was published by Babos (1986) based on three 85-120 years old
Quercus cerris trees, three 105—-116 years old Betula platyphylla trees, one 91 years old Carpinus betulus
tree, three 172—-183 years old Larix sibirica trees, and three 135-208 year old Pinus sylvestris trees
originated from different sites in Hungary and Mongolia. These annual ring widths were compared with
cycles of sunspot activity; however process of the tree species were not unequivocally provable.

The first dendrochronological study was started by the Joint Mongolian-Russian complex biological
expedition in Baidrag and Tuin basins on the slopes of Khangai in 1990. The obtained tree rings data
from this region during this study allowed reconstructing droughts during the last 150 years period
(Popova, 1995). The selected group of the five climate sensitive tree ring chronologies from trees (Larix
sibirica L.) are used to reconstruct the summer drought index (according to the De Martonn) (DI) for
the last 150 years period for the south-western slope of Khangai mountains. Analysis of tree growth and
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summer monthly climate variables indicate that July DI is the most robust climate signal evident in these
chronologies. Series from the tree ring data were entered into stepwise multiple regression as predictors
of regionally averaged July DI in the south-western slope of Khangai mountains for the interval of
instrumental observation. Reconstructed DI series for June and July indicate the greatest droughts in
1900-1910 and 1930-1950 years. However, application of instrumental data is limited because of their
small number and comparatively short period of observations especially in the regions of Siberia, the
Middle Asia and Far East. At present the lack of this information is filled by indirect indices such as
tree ring growth measurements. There were some difficulties in the tree ring structure analyses because
the growth factors were not clear enough in many cases. Nevertheless, studies completed by Soviet
scientists show the possibility of estimating environmental variability by means of anatomical analysis
of the tree ring structure.

In 1995, geographers of the Saint-Petersburg University had investigated the Uvs Lake Basin
Natural Reserve. Based on previous landscape, dendrochronological and palynological data,
researchers studied processes of modern palynological spectrum formation to reconstruct current
Inner Asia mountain landscape evolution since the last 1000 years (Chistiakov, 1995)

The comparison of tree ring data and increment description of the larch in the Far North (Taimyr,
Siberia) and arid regions of Mongolia indicated anti-phase during a long course with minimum in the
last neoglacial (1820-1850), and maximum in Mongolia during this period (Lovelius et al, 1992).
Moreover, analysis of Tunguska disaster (06.30.1908) was discovered on the larch growth, which
had been restored to the normal tree growth. An analysis of alteration of the solar and geomagnetic
activities showed their concurrence with growing of trees in Taimyr and the anti-phase in Mongolia
(Lovelius et al, 1992).

A tree ring study by the Mongolian-American Tree Ring Project (MATRIP) had been completed
what was missing from the previous Mongolian-Russian Joint Expedition. This study has been
conducted since 1995. The MATRIP studies mainly focused on the dendroclimatological investigations
and developed long climatic records in Mongolia and helped to establish capabilities in Mongolia for
independent tree-ring analyses. The records from old trees can provide more complete information
about variations in the climate system and aid in planning for future changes or variations in climate.
Many areas of Mongolia have been investigated, and tree ring samples collected. Dendroclimatic
records of temperature extending back more than one thousand years and precipitation records of
over 300 years have been developed. These records show that global warming is present in Mongolia
and that variations in precipitation and stream flow appear to show some solar influence. The longer
records produced by the MATRIP studies showed increasing temperatures over the recent century and
other low frequency trends that are in agreement with other paleo-temperature records (Jacoby et al.,
1996; D’ Arrigo et al., 2000; D’ Arrigo et al., 2001). During this study, length of tree ring record had
been increased by cross dating and including wood samples from dead relict trees. In Mt. Tarvagatai,
many pieces of relict wood were collected along with cores from the old aged living Siberian pine
trees. The resulting chronology extends back 262 AD and it described by D’ Arrigo et al. (2001). After
ten years, scientists and students trained by this project are now engaged in tree ring studies in various
areas of Mongolia.

Pederson et al., 2001 reconstructed annual (prior August—current July) precipitation and streamflow,
345 years in length (AD 1651-1995), are presented for northeastern Mongolia based on tree-ring width
data. These precipitation and streamflow reconstructions account for 54% and 48% of the respective
variance in instrumental data over the past 50 years. Variations in instrumental precipitation and
streamflow are within the range of those reconstructed over the length of tree-ring record. However, there
appear to be more frequent extended wet periods during the 20th century. Multitaper spectral analysis
revealed statistically significant peaks at 10.8 and 12.8 years for the precipitation reconstruction, and
at 12.8 and 20.3-23.8 years for the streamflow reconstruction. Similarly, singular spectrum analysis
identified spectral modes of variation at 12 and 21 years for both series. These spectra resemble those
found for tree-ring based precipitation reconstructions in central China as well as the western USA, and
may reflect solar influences on the climate of Mongolia.

Davi et al, 2009 used absolutely dated tree-ring-width chronologies from five sampling sites in
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west-central Mongolia that were used in precipitation models, and an individual model was made using
the longest of the five tree-ring records (1340-2002). The tree-ring sites are in or near the Selenge
River basin, the largest river in Mongolia and a major input into Lake Baikal in Siberia. Regression
models resulted in a reconstruction of streamflow that extends from 1637 to 1997 and explains 49%
of the flow variation. Spectral analysis indicated significant variation in the frequencies common to
Pacific Ocean variations [Pacific decadal oscillation (PDO) and ENSO] and also some quasi-solar
and lunar-nodal periodicities similar to previous Mongolian hydrometeorological reconstructions in
eastern Mongolia based on tree rings (Davi et al., 2009).

In addition, dendroecological study in Mongolia had started in 2001 by researchers at Tree Ring
Laboratory in National University of Mongolia. The very first dendro-ecological research started
with forest fire. The long-term growth patterns, fire history and seasonality over the past 440 years
(AD 1559-2005) is inferred from the mixed-aged Siberian larch (Larix sibirica) forest at the eastern
shore of Lake HOovsgol, Mongolia. The most northern Turag Valley forest had longest chronology.
Trees growing in the Shagnuul, Sevsuul, Noyon, and Dalbay Valley were the shortest chronology.
The largest reductions in growth occurred over most of study forest during the 1720s to 1770s, 1860s
to 1890s and 1940s to 1970s. Recruitment increased overall tree density in the area sampled during
this period, which suggests a state of increased competition between trees might have lead to these
reductions in growth. In the last 15 to 30 years growth indices had increased throughout the study
area except Turag Valley. Tree-ring analysis shows that fire frequency varies in larch stands with
forest type and slope aspect. The earliest fire recorded in the scars was in 1596, while the most recent
scars were dated 1997 in the all six Valley forests. Frequency of fire was high in the spring, which
is due to dry conditions, and predominantly human activities. Fire seasonality analyze suggest scars
located at the beginning of the earlywood shows fires occurred in late May-early June. From this set
of inferences, spring fires are thus most common in our study area on these elevated dry landscape
locations and in those areas where herbs and small shrubs form a loosely-compacted, ground cover
layer (Oyunsanaa et al., 2006). Based on these studies, the Mongolian-American Joint “Fire History
and Climate Change in Mongolia” Project has started since 2009.

Since 2003, Mongolian scientists started to focus on dendro-archaeological studies. The first
dendro-archaeological dating in Mongolia was the building history of two temples in the Mandal
Monastery, Central Bayankhongor Province. Twenty core samples were collected from the Mandal
East Temple and 25 disks from Mandal School Temple. All species of sampled woods were larch
(Larix sibirica). The chronologies of two buildings crossdated well with a timberline larch chronology
of Suulyin Bagtraa, which is located 60 km north of Mandal. The dendro-dating indicates that the
Mandal East Temple was constructed after the end of the growing season of 1758 or very soon
thereafter. The Mandal School Temple was built after the growing season of 1867. The former temple
proved to be one of the original buildings of Mandal Monastery (Baatarbileg et al, 2008). During this
project, the scientists reconstructed and identified built years of several ruins of old monasteries all
over Mongolia.

However, dendro-archeology had not been limited by only the tree ring. First wood anatomical
identification was made on 13™ century coffin wood which was found in archeological study in 2005.
The grave contained a skeleton of a horse without a head, which saddled with a golden plate bow.
To the right of the horse skeleton remains of a woman lay oriented to the west. The woman was
very well preserved in anatomical structure. She wore a golden ring on her left-hand finger, and the
inner surface of the ring was sealed with a falcon. The falcon was mentioned in the histories dating
from Chinggis Khan’s Golden Horde, including historical manuscripts and legends of the 12—13%
century. The grave was made of wood. The question was what kind of wood used for grave and
dating tree ring. Unfortunately, tree ring of grave was too short, so we could not reconstruct the
chronology. However, wood identification analysis showed clear results. We compared the wood
with well-known wood of pine (Pinus sylvestris L.), larch (Larix sibirica L), fir (Abies sibirica Ldb),
spruce (Picea obovata Ldb), juniper (Juniperus sabina L.), and birch (Betula spp.) in Mongolia.
For double check, we compared these species with other same species or same genre that have been
studied in the European countries. General macroscopic and microscopic characteristic were alike in
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three-dimensional structure of wood such as transverse, tangential and radial section. The grave was
made of pine (Pinus sylvestris L.), larch (Larix sibirica L.) and birch (Betula spp). It was surprising
that area where the grave was buried has neither forests nor trees, which belong to Mongolian great
steppe zone (Byambagerel et al, 2008).

Another scientific direction is dendrochemical studies using trees as biological indicators of metal
pollution in the environment. Tree rings and needles of Scots pine (Pinus sylvestris) were analyzed for
heavy metal concentration and evaluated local environmental pollution. These Scots pines were located
in Ortoo-Mukhar, Batsumber region and Bogd Mountain near the capital city Ulaanbaatar in Mongolia.
For the chemical analysis, we separated tree rings annually for acid digestion. The atomic absorption
spectrometry (AAS) was used to examine trace elements concentration in tree rings over thirty years
to assess trends of environmental change for four heavy metal ions such as cadmium (Ca), nickel (Ni),
lead (Pb), and copper (Cu). Based on the concentration difference in tree rings cadmium (Cd), lead
(Pb), nickel (Ni), and copper (Cu) ions in each 5—year interval since 1970 to 2004, we could compare
the two sites, Ortoo Mukhar and Nukht in Bogd Mountain. Cadmium (Cd) is at a historically lower
concentration than other three metal ions (Ni, Pb and Cu) within both sites in the tree rings. The main
objectives of the needle chemical analyze is 1) to detect deficiencies, disturbances or imbalances in tree
nutrition, 2) to provide a basis for future correlative and up-scaling studies between the needle data and
other datasets, e.g. crown condition, litter fall and soil. Concentrations of metals were determined by
the atomic absorption spectroscopy (Analytical Methods for Atomic Absorption Spectrophotometry,
1990) using a Perkin-Elmer 1000 fitted with a flows analysis system. Concentrations of cadmium
(Cd), lead (Pd), Nickel (Ni), and copper (Co) were determined in composite sample in year of 2003,
2004 and 2005. In general, the Ortoo Mukhar site is less polluted by these four heavy metal ions, but
Bogd Mountain has more pollution that illustrated by chemical analyzes, which means it has more air
pollution influence in forest.

Another dendro-ecological field such as insect outbreaks had started in 2007. Tree-ring cores
(samples) were collected to reconstruct frequency of insect outbreaks in the larch forest of the
eastern part of Bogd Khan Mountain, Ulaanbaatar, Mongolia (Byambagerel, 2008). Using tree ring
measurements, master chronologies of four conifer species were built. The response functions of
Larix sibirica, Pinus sibirica, Pinus sylvestris, and Picea obovata chronologies with monthly mean
temperature and monthly total precipitation for the interval from 1940 to 2000 showed that their
radial growth are mainly controlled by spring precipitation and negatively affected by high summer
temperatures. Comparisons of the tree ring chronologies among the four species showed growth
suppressions which climate variations and the probable occurrence of insect outbreaks from 1800 to
1900. According the recorded outbreaks, Siberian moth (Dendrolimus sibiricus Tschetw) invasion
noted in 1925-1929 and in 1955-1957, vapourer moth (Orgyia antiqua L.) in 1941-1944, Siberian
moth, Jacobson’s geometrid moth (Erannis Jacobsoni Djak) in 1971-1972 and Siberian moth and
geometrid moths were infested in 1989 in Bogd Khan Mountain. Recently Siberian moth, vapourer
moth and gypsy moth (Ocneria dispar L.) attacks occurred in 2000, 2003 and 2005 in this region. All
these outbreaks reduced radial growth of trees, which were confirmed by this study. Moreover, we
identified major disturbances which are most probably linked to insect outbreaks for the years 1902—
1903, 18791880, 1847—-1849 and 1825-1829, which could indicate a roughly 30 year frequency
(Byambagerel, 2008).

All these studies showed that Mongolia is a unique and important area for dendrochronological
study, which may be useful not only in the Mongolia, but also in the Asian region.
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ABOUT SPATIAL ORGANIZATION OF SOIL COVER OF FROST TRANSBAIKALIAN
FOREST-STEPPE IN THE SOUTH OF THE VITIM TABLELAND

MPOCTPAHCTBEHHO-BPEMEHHAS U3MEHUYHUBOCTD INOKA3ATEJEN KJIUMATA
ITOYB MEP3JIOTHBIX KATEH IOT'A BUTUMCKOI'O IIVIOCKOI'OPbA

N.B. Badmaev
Institute of General and Experimental Biology SB RAS, Ulan-Ude, Russia, nima_b@mail.ru

The measures of connection between soils and the environment at different levels of organization of soil
cover of frost Transbaikalian forest-steppe are determined.

ITonmuros—TpaHcekT «Yixacay», KOTOPBIA PACIOJIOKEH Ha ore BUTHMMCKOro IiaoCKOropes, Iie
CTBIKYIOTC EpaBHMHCKasi Mep3/10THas JIeCOCTENHAsi 1 CE30HHOMEP3JI0THAs YAMHCKAs CyXOCTelHas
KOTJIOBHHBI, SIBJISIETCS YIOOHON MOJIENbBIO /ISl OLEHKU pa3HO00pa3usi OYB, UX CBOWCTB M PEKMUMHBIX
roka3aTelieil. 371eCh BBIJCIICHBI JIBE KAaTEHBI: a) JIyTOBO-CTEITHAS CKJIOHA FOXKHOW JKCITO3UIUU U 0)
JyrOBO-JIECHAs CKJIIOHA CEBEPHO aKcno3uLnu (pHc.). B cocTaB MOYBEHHOTO MOKPOBA JTyTOBO-CTEMHOM
KaTEHbI CKJIOHA FOXKHOM SKCIIO3HUIIMU BXOAST I€PHOBBIE MEP3IIOTHBIE X PSIIEBATO-IEOHUCTHIE (BEPXHSs
4yacTh CKJIOHA M IUIAKOp yBaja) 3JIIOBHAIBHOTO MECTOIOJIOKEHUS IMOJ KUTHSIKOBO-BOCTPELIOBBIMU
co001IeCTBaMH, YePHO3EMbI IPOITMTOYHBIE CE30HHOMEP3I0THBIE MAJIOTYMYCHBIE CKEJIETHbIE CPEeaHEN
YacTU CKJIOHA MOJ KOOPE3UeBO-THITYAKOBBIMU COOOIECTBAMH M YEpPHO3EMbI KPHUITOITIEEBATHIC
MEP3JIOTHBIE TOATOPHOTO HuIek(a Mo THITYaKOBO-MOIBIHHBIME coobmmecTBamu (baamaes, 2008).

JlyroBo-necHasi KaTeHa CKJIOHA CEBEPHOW 3KCHO3UILUM TaKKe BKIIIOYAET JEPHOBBbIE MEP3JIOTHBIE
OCTEMHEHHbIE XPAIIEBATO-IIEOHUCTHIC TIOUBBI MIOBUANBHON YacTH pesibeda MO PaCTUTEIbHOCTHIO
JIECOCTENMHOro 00JIMKa (>KUTHSKOBO-BOCTPELIOBBIE COOOIECTBA) U CEITLCKOXO3SIMCTBEHHBIMU 3€MIISIMU
Ha MECTe BOCTPELIOBO-TIOJIEBUIIMEBBIX cTenel. [Ipyriue KOMIOHEHThl — 3TO JEPHOBBIE MEP3JIOTHBIE
XpSIIEBaTO-IEOHUCThIE TOYBBI TPAHCHIIOBHAIBHOM YaCTH IOJOrOro CKIJIOHA IOJI aHTPOIOTEeHHO-
pa3peKeHHbIM Oepe30BO-TUCTBEHHUYHBIM KPYIMHOTPAaBHBIM JIECOM, YEPHO3EMbl KpPUITOINIEEBAaThIE
MEP3JIOTHbIE CYDIMHHCTBIE IOYBBI BEPXHEH 4YacTH CKJIOHA CEBEPHOM HKCHO3MLUM (TUITYAKOBbIE
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COO6IJ.I€ CTBa) LHC6HI/ICTO-CYFJII/IHI/ICTOF 0 ACJIFIOBHAJIBHOT'O mneﬁq)a MO ITAIlTHe N M ITaXOTHEIE (BO CTPCLOBO-
TTOJICBUIIMECBLIC COO6IJ.ICCTB3.) AJUTFOBUAJIBHBIC TCMHOT'YMYCOBBIC MEP3JIOTHBIC CYTIIMHUCTBIC ITOYBBI HA
JACITIOBHAJIBHO-AJIJIFOBHUAJIBHBIX FpaBHﬁHO-HCanHBIX OTIIOXCHUAX.

” ORO_O
ITOYBBI C //// 5 Tpan-
® o%)| 1. AT — aNIOB. TEMHOIYMYC. MEP3JL. cocmas
V////A 2. YK - uepHO3eMbI KPHITTOT. MEp3. cn—
| 11 | 3. - neproseie MepanoTaue Cymecs;
NN\ _4. YIT - uepHO3EMBI NPONHT.C/MEp3l. ac—
nerkutt
PACTHTEJILHOCTb 10 cyrau-
1-BOCTpeHOBO-NONIEBHLHEBEIE COO0IECTBA HOK;
2-THNYaKoBhIE cooblecTra 1250 5
3-0epe30oBo-NHCTBEHHHYHEIH Nlec 1150 i i cpen-
4-5-)KHTHAKOBO-BOCTPELIOBBIE COOGLIECTRBA 1050 ! P i HHik Cy-
6-k06pe3neBo-THNYAKOBLIE coobIecTBa 950 - ! : P i FIMHOK
7-TMNYaKOBO-NOJLIHHEIE COOBLLECTBA B : - A
/AL TTITITRY
CpancocTas nopon cn-ac nc | c c c cn-nic chn-nc
Kpymnsna <1 1-3 <1 5-8 <1
PacTHTENBHOCTE 1 2 3 4 | 5 6 7
Touss AT YK I 4r1 YK
CpoficTsa nous
pH AU, AY 7,6 7,7 6,3 6,8 6,6 6,9 7,0
BOM- B, AEL 7,9 8,6 5,8 6,5 6,7 7,1 7,3
HBIf Bca, Bhf 9,2 8,7 6,5 6,1 6,4 82 9,1
AU, AY 6,9 8.8 8,1 6,3 3.4 34 54
C,% B, AEL 23 1,2 3,4 2,1 1,9 2,0 1,7
Bca, Bhf 0,6 1,1 1,4 0,7 1,5 1,2 0,9
Ipan- AU, AY 38,5 38,7 33,2 26,7 253 24,1 27,5
coc- B, AEL 432 31,5 30,3 38,1 254 33,2 40,3
TaB Bca, Bhf 53,6 61,8 42,6 31,0 32,5 40,6 54,6
AU, AY 324 42,3 22,9 20,9 22,7 16,5 21,6
EKO B, AEL 36,6 19,7 20,6 253 19,8 243 16,8
Bca, Bhf 24.5 18,2 27.8 21,2 30,6 252 12,3
3anac Bnaru npu 238/ 387/ 304/ 190 / 186/ 163/ 172/
HB, mm. Crenens | cpenuas- O4€Hb OUCHb HH3Kan- | HH3Kad- | HH3Kas cpen-
BNAaroeMKOCTH BHICOKAA | BHICOKAA | BBICOKAas | cpeaHss | CpEemHAS HAs
TennocoaepxaHue, 10/ 20/ 15/ 18/ 18/ 40/ 23/
M]x/ M2. Crenens OueHb cnabas- cnabas cnaban cnabas BBICO- cpea-
TEMIOAKKYM YIS LIHH cnabas cpenHas Kan HAA

Puc. HpOCTpaHCTBGHHaH OopraHnmsanus NOYBEHHO-PACTUTCIBHOI'O TOKPOBa IIT «VYnxacay»

OTMuUTENbHON YEePTOM N3yUEHHBIX [TOYB SIBJISETCS IPKO BBIPAYKEHHBIN KPUOTEHES, IPOSIBIISIOILUIICS
B MO3aMYHOCTH LIBETOBOI raMMbl cpefiHell yacTu npoduiisl, S3bIKOBaTOCTH U KAPMAHHOCTH I'yMyCOBOT'O
ropusoHTa. Kak mmyOuna B npoduie, Tak u quamerp cetd MBT Ha THEBHOI MOBEpXHOCTH 3aBUCST OT
0COOCHHOCTEH ME30KJIMMaTa TOr0 MECTOOOHMTaHus, TIe POpMHUPYIOTCs TO4YBBl. CLIEMEHTHPOBAaHHOCTh
MEp3J10TON U NIyOMHA MAaKCUMAJIbHOTO MPOTANBAHUS TAKXKE 3aBUCAT OT MOJIOKEHHUS TIOUBBI B pesbede,
XOTsI TPyOOIMCIIEPCHOCTh MOYB U MOPOJ] B HEKOTOPOM CTENEHNW HUBEIUPYET PazIudue MOYB 10 3TUM
KPUOT'€HHBIM [TOKA3aTEIISIM.

JlepHOBBIE MEP3JIOTHBIE TOYBBI NPEUMYILIECTBEHHO 3aHMMAIOT aBTOHOMHBIE IO3ULMH BEPXHEH
TpeTu Me30(hopM pesibeda U BCIO CPEAHIOI0 YaCTh CKIIOHA CEBEPHON FKCTIo3UIK. OTHAKO, KaK IMOKa3aln
JTaHHBIE TIOYBEHHOIN ChEMKH, IKOJIOTMYECKasl aMIUTUTYAA MO3BOJISIET UM IIMPOKO 3aXOAUTh HA CKIIOHBI U
JPYTHX SKCIO3ULMN, HCKITF0YAsk TOJILKO FOXKHBIE.

B MecTtooOMTaHMSX, JIMIIEHHBIX JIECHOW PACTUTENBLHOCTH, 3TH IOYBBI B HACTOSIIEE BpeMs
npeTeprieBaoT ocrenHenue. [Iporeccsl ocTenHeHns MOPQOIOTHIECKU MPOSBIAIOTCS B UCYE3HOBEHHN
TOPU30HTA MOJCTUJIKH, YCHUJIEHUM IPOKPAIIEHHOCTU TOpu30HTa AY U YBEIWYEHUM YacTOThl CETH
COBPEMEHHBIX HEeTyOOKHX TpeliuH. Eciii cpaBHUTH MOUBBI Pa3HBIX CKJIOHOB, TO CIIEIYET OTMETUTb,
YTO Ha FOr0-3aaHOM CKJIOHE MOLTHOCTh TOpU30HTOB AY+AEL epHOBBIX MEP3JIOTHBIX MOYB OOJIBIIIE,
9YeM B 3THX K€ M04BaX, (POPMUPYIONHMXCS B ABTOHOMHBIX YCIIOBHSIX M Ha CEBEPHOM CKJIOHE TIOJT JIECOM.
370 yKa3bIBaeT HA MEPEXOAHBIN (OUEBHIHO, K YUEPHO3EMaM) XapaKTep I0YB M0 MEpEe UX MPOABHKEHUS K
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CKJIOHaM FO’KHOM SKCIIO3HMLIUH.

TeM caMbIM Ha KOHKPETHOM MaTepHale, T. €. Ha JaHHBIX KPYITHOMACIITaOHOTO KapTorpadupoBaHus
[T, MOXXHO yOETUTHCS, YTO CKJIOHBI BOCTOYHOM M 3aITaIHON KCIO3UIIUN B YCIIOBUSX KPHUOJIUTO30HBI
3a0aiikanbsi OTIUYAIOTCS OT CKJIOHOB CEBEPHON M IOKHOM SKCMo3uiuil. 31mech (GOopMUpPYIOTCS
MIEPEXO/IHbIE TTOYBBI, @ HanboJiee KOHTPACTHOE TOYBOOOPA30BaHKE MPOSABISETCS Ha CKIOHAX FOYKHOM
U CEBEPHOM HKCIO3UIIUMN.

CpaBHUTeNbHAsE XapaKTePUCTHKA (PU3UKO-XUMHUYECKHX CcBOMCTB moyB IIT moka3wiBaer
CYIIECTBEHHOE HX pa3Myue B 3aBUCHMOCTH OT 3JIEMEHTOB penbeda. UepHO3eMBbl KPUITOTIIEeBAThIC
MEpP3JI0THBIE U aJUTIOBUAJIbHBIE TEMHOTYMYCOBBIE MEP3JIOTHBIEC MOYBbI XapaKTEPU3YIOTCS BHICOKUM
cozmepxkannem rymyca (5.4-8.8%), moxsmwkubiMu popmamu PO, u K O (coorserctenno 0.9 u 33.7
Mr/100 r mouBsr) 1 6IaronpUATHON peakuueil cperpl. Ce30HHOMEP3IOTHBIE YePHO3EMbI OTIINYAIOTCS
HEBBICOKHM cojiepkanueM rymyca (3.5-3.6%), BbIcokoii 00ecre4eHHOCThIO OABMKHBIMU (POpMaMHU
dochopa u kamusa. [lepHOBbIE MEp3JIOTHBIE MOYBHI UMEIOT OTHOCHTENHHO BBICOKOE CONEp)KaHUe
rymyca (3.4-8.1%), cymma MHOIVIOLIEHHBIX OCHOBAaHUIN B UX T'YMYCOBOM TOPH30HTE KOJIEOJETCS OT
19.7 no 30.1 Mr—kB/100 r mouBsl. Peakiys MoYBEHHOW Cpe/ibl BEPXHETO TOPU30HTA HAXOIUTCS B
npezenax oT cpegHekucnoil no HeurtpanbHoil (pH con. 4.6—6.4). ['maponuTuyeckas KUCIOTHOCTh
Bapwupyet ot 7.8 10 34.6 Mr—kB/100 T mouBEI. [IepHOBBIM MEP3JIOTHBIM ITOYBaM, POPMHUPYIOIITHMCS
B aBTOHOMHBIX M TPAH3UTHBIX YACTIX JaHAmAagdTa, MPHUCYIIa BBICOKAs CKEJIETHOCTb MOYBEHHBIX
TOPU30HTOB M MOPOJ. B T'yMyCOBO-aKKyMYJISITUBHBIX TOPHU30HTAX JIaHHBIX TOYB JIOJSI CKEJIETHBIX
¢bpaxuit (Menbiie 1) cocrabnser 58—66%, a B TOpU30HTE MaTepuHCKOW mopoasl — 85-90% ot
obuieit maccol. [1o rpaHynomMeTpUyecKkoMy COCTaBy 3TH MOYBBI OTHOCSITCS K MbLIEBATO-IIECYAHBIM
JIETKOCYITIMHUCTBIM U CYTJTIMHUCTBIM.

YepHO3eMBbI PONUTOYHBIE CE30HHOMEP3IIOTHBIE, CPOPMUPOBAHHBIE HA KPYTHIX CKIOHAX FOXKHOU
SKCHO3UIMH, [0 TPaHYJIOMETPUYECKOMY COCTaBY SBISIOTCS CaMbIMH JIETKUMHU M CKEJIETHBIMU W3
nous [IT. Ilo rpancocraBy Menko3eMa ryMyCOBBIX TOPU30HTOB YEPHO3EM OTHOCHUTCS K IbLIEBATO-
CWJIBHO-OIIECYAaHEHHOMY JIETKOMY CYIIMHKY. COBEpIIEHHO HMHBIM XapaKTEpOM COOTHOILEHUS
dbpakuuil OTIMYAIOTCS TOYBBI AKKYMYJISTHUBHBIX NO3UIMHA. DopMUpYIOUIMECsS 3[eCh YEepPHO3EMbI
KpUIITOITIEEBaTble MEP3JIOTHBIE U AJUTIOBUAJIbHBIE TEMHOTYMYCOBBIE MEP3JOTHBIE MOYBBI MUMEIOT
OoJee TSKENbl FPaHyIOMETPUUECKHUI COCTaB.

BonoynepxkuBaroiasi CiocoOHOCTh BEpXHEH 1—M TONIIM MakCHUMasbHA B TIOYBAX CKJIIOHA CEBEPHOM
aKcno3uIuu. Tak, 4epHO3eMbI KPHUIITOINIEEBATHIE MEP3IIOTHBIE TIOUBBI 3TOTO CKJIOHA CITIOCOOHBI MPOYHO
yAEp’KUBaTh Blary B KoiauyecTBe 387 MM, aIIOBHAJIBHBIE TEMHOIYMYCOBBIE MEp3/10THble — 238,
a JIepHOBbIe Mep3noTHbie 1o jJecoM — 304 mm. HecpaBHeHHO meHblie BennunHa HB B mouBax
CKJIOHA IOKHOM 3KCTIO3UIMH. Tak, B 4epHO3eMax MPOMUTOUYHBIX CE30HHOMEP3JIOTHBIX CPEIHE yacTu
cknona 3arnac Biaru mpu HB B ciioe 0—-100 cm coctasisier 163 MM, a B uepHO3eMax KpUITOIIEEBATHIX
MEP3JIOTHBIX IMOYBaX NUICH(OBOW YacTu CkiIoHa — 172 MMm. B 31r0BHANBbHBIX YCIOBHSIX JCPHOBBIC
MEP3JIOTHBIE TIOUBBI MTPOYHO YJEPKUBAKOT 194 MM B IIEIMHHOM COCTOSIHUHM, B MAaXOTHOM — 186 MM.
o xmaccudmkaru, npemioxkenHoi B.I1. [Tandgunossiv (ITousenHo-pusnaeckue. . ., 1977), mousst [T
XapaKTepU3YyIOTCSl Kak Cpe/lHe—, BBICOKO— U OYeHb BBICOKOBJIAroeMkue. B To ke BpeMsi MOYBBI CHUIIBHO
IEOHUCTBIE 110 BCeMY NMPOQUITIO, K HUIM OTHOCATCS M YE€PHO3EMbI IIPOITUTOUYHBIE C€30HHOMEP3JI0THBIE
JIETKOTO TPaHyJIOMETPUYECKOr0 COCTaBa, 1o BenuunHe HB oTHOCsIIMECs K 04eHb MajIOBIarOEMKHM.

HucTpyMeHTanbHbIE TaHHBIC TI0 TeMIlepaType 3a nocieaaue 40 JeT CBUIETELCTBYIOT O OOJIBIION
MIPOCTPAHCTBEHHO-BPEMEHHON HEOTHOPOIHOCTH TIYOMHBI TPOTAaMBAHUS MEP3JOTHBIX TIIOYB B
3aBUCUMOCTH OT TIOJIOKEHUS MOYBBI B pesibe()e U MOACTHIIAIONIEH TOBEPXHOCTH. MOIIHOCTD CE30HHO-
TaJIOro CJI0s IOYB KaTeH rora BUTUMCKOTO MII0CKOTophst MO CpaBHEHHUIO ¢ 70—MU ToaMu MPOIILIOTo BeKa
yBennumiachk Ha 60-90cm.
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ROLE OF MONITORING OBSERVATIONS OF HEAT, WATER
AND CO, FLUXES IN COMPLEX ECOLOGICAL RESEARCHES

POJIb MOHUTOPUHI'OBBIX HABJIIOAEHUM 3A IOTOKAMM TEILIA, BJIATH 1
CO, B KOMIVIEKCHBIX 9KOJIOTHYECKUX UCCIEJOBAHUAX

Juliya Kurbatova, Andrei Varlagin

Severtsov Institute of ecology and evolution RAS, Moscow, Russia, kurbatova.j@gmail.com

Recent climatic changes influence on the terrestrial ecosystems and determine CO, and H,O fluxes between
ecosystems and atmosphere. The eddy covariance method is used to measure the trace gas at ecosystem scale.
Vertical fluxes are proportional to the mean covariance between vertical velocity and the respective scalar
fluctuations (e.g., CO,, water vapor and temperature). Typical instrumentation at field sites includes a three-
dimensional sonic anemometer and fast responding sensor to measure CO, and water fluxes. Application of the
eddy covariance methods involves issues relating to site selection, instrument placement, sampling duration
and frequency, calibration and post processing. Ideally the field site should be flat, with the extensive fetch of
uniform vegetation. The height of the sensors depends on the height of the vegetation. The measurement tower
is also equipped with instrument to measure meteorological parameters. The eddy covariance measurements in
Mongolia will allow to estimate carbon and water balance in steppe ecosystems.

[Tpoucxonsmme B HaCTOsIee BpeMs KIMMAaTHYECKHE W3MEHEHHS TO-TIPEKHEMY OCTaOTCS
KJIIOYEBBIM BOIPOCOM COBPEMEHHBIX HAy4YHBIX HCCIENOBaHUNA. V3MeHeHus Kiumara B IeJIOM
MIPOSIBIISIIOTCS. B BO3PACTaHUM CPEIHEN II00aNbHON TeMIepaTyphl BO3AyXa M OKEaHUYECKOW BOJIBI,
TassHUH JISAHUKOBOTO TTOKPOBA U BEYHOM MEP3JIOTHI, B BO3pacTaHuu cpennero ypoBHs okeana (IPCC,
2007). [Tepuom 1995-2006 rT. OB11 CAMBIM TETUIBIM B UHCTPYMEHTAIBHOM DSy HAOMIOICHU, HAYMHAS
¢ 1850 r. JInuneiHplii TpeH NIPU3EMHOM TeEMIIEpATypbl Bo3ayxa ais nepuona 1956-2005 rr. cocraBui
(0.13°C/10ner), uTo mouTH B 2 pasa mpessimaet Tpera At nepuona 19062005 rr. (0.74°C/100meT).
[TpuunHO U3MEHEHUS KIIMMAaTa MPUHSTO CUUTATh POCT aHTPONOTEHHON SMUCCUH TAPHUKOBBIX T'a30B.
OpnHako, WHTEHCUBHBIC HWCCIIEOBAHUSA, BBHIMOJIHEHHBIE B TMOCIETHUE NECATUIICTHS B Pa3IHYHBIX
pernoHax 3emuld, MoKa3ajiu BEIyILy POJib MPUPOAHBIX SKOCUCTEM B COXPAaHEHUU €CTECTBEHHOIO
ra3oBoro cocraBa armocdepbl U B peryasiuuu ycioBuih cpeabl. OcHoBHas (QyHKIUS SKOCHUCTEM
— OOMEH BeIIECTBOM M JHEpPruel, OCYILECTBIAETCS MOCPEICTBOM MOAIEPKAHUA €CTECTBEHHBIX
OMOTEOXMMUYECKUX LUKIOB — BOJBI U YINIEKHUCIIOTO Ta3a. bamaHc OCHOBHBIX IMAPHUKOBBIX T'a30B
B armocdepe OompenensieTcsi COOTHOIIEHHEM IIPOLIeCCOB IMOMIOIICHUs yIlepoja B pPe3yibTaTe
(OTOCUHTETHYECKOM AEATENbHOCTH PACTEHUH U MPOLIECCOB AECTPYKLIUU OPTaHUYECKOTO BEIIECTBA.
VHTEeHCHBHOCTD YIIIEPOIHOTO U BOJHOTO OOMEHA Yy PA3JIMYHBIX THIIOB PACTUTENLHOCTH OTINYAETCS
3HAYUTEITbHOW M3MEHUMBOCTHIO U OIpEIENsieTcsl BO MHOIOM KOMIUIEKCOM IapaMeTpOB BHEIIHEH
cpeabl. OIEHUTh OTKJIMK E€CTECTBEHHBIX JKOCHCTEM Ha M3MEHEHHE BHEUIHMX (DAKTOPOB MOMKHO
TOJBKO Ha OCHOBE JJIMTEIHHBIX MOHHUTOPWHTOBBIX HAOIIONEHHUH 32 PHEPTO— U MAaCCOOOMEHHOM, a
MMEHHO MOTOKaMHU BJIard, TEIUIA, YIJIEKUCIIOro ra3a U ruipoOMeTeopoIOTHYeCKUMHU rapameTpamu. B
CBSI3U C 3TUM B HACTOSAIIIEE BPEMsI MUPOBOE COOOIIECTBO Pa3BUBAET CETh KOHTUHEHTAIbHBIX CTAHIIUH,
OCYIICCTBIISIFOIIUX HETMPEPHIBHBI MOHUTOPUHT (DU3MYECKUX, XHUMHUYSCKHX W OHOJOTHYECKHX
ToKasareJiel IPUPOIHBIX SKOCUCTEM. YiKe 0K0JI0 450 MOHUTOPHHTOBBIX CTAHIIUN paboTaeT B AMEpHKE
(AmeriFlux), ABctpanuu (OzFlux), EBpomne (CarboEurope), Adppuke (CarboAfrica) (http://www.
fluxnet.ornl.gov/fluxnet/index.cfm). B 1999 r. co3nana cets mHabmonenuii B Azun — AsiaFlux (http://
www/asiaflux.net), KoTopast Mo3BoJIsIET MOJIy4YaTh HAJACKHYIO HH(POPMAIIUIO, B TOM YHCIIE O OaaHce
OCHOBHBIX MTAPHUKOBBIX T'a30B U CBA3AHHBIX C HUMU KJIMMATUYECKUX U3MEHEHUSX, IIUPOKOMY KPYTY
Hay4YHOW OOINECTBEHHOCTH, a TaKkkKe (U3NYECKUM M IOPUANYECKUM JIHIAM, 3aWHTEPEeCOBAHHBIM
B MH(POPMAILIMU O COCTOSHUM OKpY’Karoulei cpeapl. Pa3sBuTHE ceTM MOHHUTOpPHHTA HIET IO IMyTH
YHU(DUIIMPOBAHUS METOJIUK HAONIONEHUs U 00paboTku nHpopmaruu, GopMUPOBAHUS €TUHON CETH
0a3bl NaHHBIX. DKCIIEPUMEHTANIBHBIE JaHHBIE, TTOJYYEHHBIE B pAMKaX CETH, SBISIOTCS YHUKATHHBIM
MaTepHuaIoM, KOTOPBIH JIEKUT B OCHOBE YTOUHEHHS PETHOHAIBHBIX U ITI00AIbHBIX MOZIETICH KIMMaTa,
MO3BOJIAIONINX OLEHUTH BIUSHUE KIMMATUYECKUX U3MEHEHUI Ha OKPY’KaIOIIYIO Cpey.
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AHanu3 JaHHBIX Pe3yJabTaTOB MOHUTOPUHTA, IPOBOAMMOTO Ha OCHOBE Pe3y/IbTaTOB HAOIIOCHUN
TaKOro POja KOMILJIEKCOB, ITO3BOJISIET OTBETUTH Ha CJIEAYIOLIUE HAYYHbIE BOIIPOCHI:

1. KakoBa npocTpaHCTBEHHAas: U BpeMEHHasi U3MEHYUBOCTH JIETIOHUPOBAHUS YIIEPO/ia U TOTOKOB
CO,, Bnaru u Teria B €CTECTBEHHBIX IKOCUCTEMAX?

2. Kaxkoe Biusinue Ha 6nochepHo-arMochepHbIii 00MEH OKa3bIBAIOT THIT PACTUTEILHOTO IIOKPOBA,
(dbeHonorusi, USMEHEHHsI B YCIOBUSIX 3€MJICNIONB30BaHMs, U KAKOBO MHTETPALIMOHHOE BIMSIHUE ITHX
¢akTopoB?

3. Kakoe BmusHHE OKa3bIBAIOT MOTOAHBIE W KJIMMaTHYECKHWE H3MEHEHUs Ha OuocdepHo-
armocdepnsiii 00MeH? Kakue raBHbIe (haKTOPbI OMPEEIISIIOT CyTOUHYI0, CE30HHYIO U MEXT0IOBYIO
M3MEHYHMBOCTD MOTOKOB Biiard, Terna u CO,?

4. KakoBaB3auMOCBs3bMEK 1y arMoCcpepHoiiKonuenTpanuei CO, upakropamu, OnpeesouMu
arMochepHo-OnocdepHblii 0OMeH?

MOHUTOPUHIOBBIE KOMILJIEKCHI ITO3BOJIAIOT  IOJy4aTh HENPEPHIBHBIE BBICOKOYACTOTHBIE
KpYIJIOTOJJMYHbIE 3HAYEHMSI IOTOKOB TEIUIA, BJIAard U YIJIEKUCIIOTO Ta3a, a TAaKKe 3HaY€HHs OCHOBHBIX
TUIPOMETEOPOSIOTUYECKUX XapaKTepUCTUK. Perucrpupyempie mapameTpbl OKpYKalolleH Cpessl
MOJKHO pa3eJINTh Ha CIEAYIOLIUE OCHOBHBIE IPYIIIIbL:

I.buocdepno-armocepHbIii 00MEH MOTOKAMM TEIJIa, BJIATH U YIVIEKHCJI0ro ra3a. OCHOBHBIMHU
PETUCTPUPYEMBIMU M MPOM3BOAHLIMH MaPAMETPAMU SBJISIOTCSA: HETTO-3KOCHCTEMHBbIN 00Men CO,
(6ananc CO,) Mex Ty MOJIOTOM PACTHTENBHOTO IIOKPOBA M aTMOC(HEPOH; 5BANIOTPAHCIIMPALIKS, 3aTPAThI
TeIula Ha TypOyJIEHTHOE IMepeMelllnBaHue (IMOTOKU SBHOTO TeIUIa), 3aTpaThl TEIUIa Ha HUCIApeHHe
(TIOTOKM CKPBITOTO TEIIa).

I1.MeTeopoJiornyeckue napaMeTpbl 1 HX OCHOBHBbIC IPOU3BOAHbIE: TEMIIEPATYPA U BIIAXKHOCTD
BO3/1yXa, NE(QUIMT yNPYrOCTH BOISHOTO Tapa, paJuallMoOHHBIN OanaHC, MPUXOAAIIas CyMMapHas
paauanys, NoToK POTOCUHTETUYECKU aKTUBHOW paiualiuy, MOTOKU paJualii B KOPOTKOBOJIHOBOH U
JUTMHHOBOJTHOBOH 00J1aCTH CIIEKTpa, CKOPOCTh U HAlpaBIIEHHUs BETPa, aTMOC(EPHOE JaBlIeHHE.

II1. U3mMepeHusi B moJiore JpPeBOCTOsl, KaK IMPaBUJIO, BKIIOYAIOT: BEPTUKAIBHBIA MPOQPHIH
TEMIIEPATyPhl, BIKHOCTU U KoHIeHTparmu CO, Ha nx 0CHOBE paccUMTHIBAIOTCS 3a11achl (CTOPHUIIK)
Teruia, Biaru u CO, B mosore.

IV. IlouBeHnHble wucciaenoBanusi. OCHOBHbIE HHCTPYMEHTAJIbHbIE HAOIIOEHUS B I0OYBE
BKJIIOYAIOT MPOQUIb TEMIEPATYPHI U BIAKHOCTH, TOTOK TEIUIA B IOYBY.

V. KoMnuiekcHbIe HCCJIe10BAHMA B IPeiesiax MU0 OCPeIHeHN s I0TOKOB. MOHUTOPUHIOBbIE
HaOmonenus 3a 1oTokamu Tera, Baark M CO,, Kak NpaBMIIO, CONPOBOXIAKOTCS IOYBEHHBIMH,
O0OTaHWYECKUMHU, THUIPOJOTHYECKUMH, TeOMOP(OIOTHYECKUMU W TIP. HCCIEIOBAHUSAMH, KOTOpBIE
MO3BOJISIFOT OMMCAaTh OCHOBHBIE (DAKTOPHI, OTBETCTBEHHBIE 32 IPOCTPAHCTBEHHYIO M BPEMEHHYIO
JIMHAMHKY OnocdepHo-arMochepHoro oOMeHa.

IIpubGopnasi 6a3a, KOTOpasi UCIIOJIB3YETCS B OPraHU3aIMKA HAOIIONCHHM, SIBISICTCSI B HACTOSIICE
BpPEeMsIIIPAKTUYECKH CTaHIapTHOU IIsIBCEX MOHUTOPUHTOBBIX CTAHIIMMA, YTOTI03BOJIETYHU(PULIMPOBATh
poLeaypbl 00pabOTKHU U aHAIM3a U PaCCMATPHUBATh YKE CYIIECTBYIOLINE H3MEPUTENIbHbBIE KOMILJIEKCHI
MMEHHO KaK €uHYyI0 ceTb MoHHMTOpHHTa (Aubinet et al., 2000). OGopymoBaHuEe TOIKHO OTBEUYATh
TpeOOBaHUAM K Ka4e€CTBY, TOUHOCTH U TUCKPETHOCTU PETHCTPUPYEMBIX ITAPAMETPOB.

MeTtox mnyJbCAIMOHHBIX HAO/IIOIeHUIl OCHOBaH Ha MAapajUIelbHBIX BbICOKOYACTOTHBIX
M3MEPEHUSIX COCTABIISIIOIIMX CKOPOCTH BETpa U KOHIIEHTPAIMK HCCIeNyeMOon CyOCTaHIMK (B HAIIEM
cayyae — CO,, H,0). Beprukansueiii norok CO,, H,O Mexay MOACTUIAIOIIEN MOBEPXHOCTBIO
n arMoc(epoil paccuMThIBAETCS KaK KOBapuallus IyJbCallMil BEpTHUKAJIbHONW CKOPOCTH BETpa H
KOHIIEHTpAI[1H BEIeCTBa.

bazoBbIM  SIpOM  M3MEPUTENILHOIO KOMIUIEKCA SIBIISIETCS  000pydo6aHue Uil PETUCTPALUH
armocdepHo-6uochepnoro obmena norokamu H,0, CO, u tema. Obs3arenbHble MIPHOOPHI KOMILIEKCA
— YJBTPa3BYKOBOM aHEMOMETp U MH(PaKpPaCHBINA razoaHaIN3aTop, KOTOPbIE MO3BOJISIOT (PUKCUPOBATh
BBICOKOYACTOTHBIE (MIYKTyallul CKOPOCTH BETpa, TEMIEPATyphl BO3AyXa, KOHIIEHTPALMH YITIEKUCIIOTO
raza u Bogpl. s peructpaunu konuentpamui CO, u H)O B COBPEMEHHBIX KOMILIEKCAX UCTIONB3YETCS
JIBE KOH(UTYpAITUH Ia30aHAJIM3ATOPOB: padoTaromrye 1o 3akpeiToi (closed-path) u paborarorue mo
OTKpBITOH cxeme (open-path). IIpuMepamu razoananu3aropoB «3akpbiroro» tumna (‘“‘close-path infrared
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gas analyser”) sieistrorest mogenu LI-COR 6262 u LI-COR 7000 (Li—Cor Inc., Lincoln NE). Bce
n3MepsieMble TapaMeTPhl PETUCTPUPYIOTCS K COXPAHSIFOTCS Ha CIICIMAIIBHBIX IEKTPOHHBIX HAKOIHTEISX
(logger data). C onpeneneHHOi MEpUOAMYHOCTBIO IAHHBIC IEPEHOCATCS C HAKOMTUTENICH Ha KOMITBIOTEPBI
JUISL MX TIOCIIeAYIOIIEro aHaiau3a u uHrepnperaimu. [Ipomenypa oOpabOTKH MEPBUYHBIX PE3YJIbTaTOB
OCYIIECTBIISIETCS C MMOMOIIBIO CIIEIMAIBHOTO IPOTPAMMHOTO 00€CTICUCHUSL.

[Ipu opranuzanuu HaOIONEHUN O00OpYIOBaHME pa3MellaeTcsl HaJ IOJOrOM PaCTUTEIBHOTO
MIOKPOBA Ha U3MEPUMENbHOU 8blUiKe UIH Maume. BpicoTa BBIILIKK JOJDKHA MpUMeEpHO B 1.5 paza
MIPEBBIIIATH BHICOTY IOJIOTa PACTHTEIBHOTO MOKpoBa. CyIIeCTBYET P/l ONPENeIEHHBIX TPEOOBaHUI
K pa3MeIICHHIO BBIIIKH, INIABHBIMHU U3 KOTOPBIX SIBJISIOTCS. OTHOPOIHOCTH peibeda U pacCTUTEILHOTO
MOKPOBa BOKPYT' M3MEpPHUTEIHHOr0 KoMIUIekca. HeonlHOPOAHOCTh TEPPUTOPHM U PACTUTEIBHOCTHU
MIPUBOIUT K HCKAKECHUIO MOJTyYSHHBIX PE3YIBTaTOB, BHIOPAKOBBIBAHUIO TAHHBIX, YTO BJIEYET 32 COOOU
TPYIHOCTH B MOCJEIYIOIIEeH HHTEPIIPETAIIMY HAOMIOACHUH.

Opranuzaiys MoJo0HOTO poAa HAOMIOACHUM HAa TEpPPUTOPHMM MOHTOJIMH, B KOMIUIEKCE C
pesyasraramu uccienoBanuii CoBmectHoi Poccuiicko-MOHTOMBCKOM KOMIUIEKCHON OHMOJIOTHYECKON
SKCHEIUIMH MO3BOJIUT OLIEHUTH POJIb €CTECTBEHHBIX U TPAaHCHOPMUPOBAHHBIX SKOCHCTEM CTPAHBI B
YIJIEPOAHOM M BOJHOM OajaHce.
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SNOW DEPTH VARIABILITY IN SAGEBRUSH DRIFTS IN THE HIGH ALTITUDE
RANGELAND OF NORTH PARK, COLORADO, USA

ML.E. Tedesche
Snow Hydrology Program, Colorado State University, Colorado, USA, mtedesch@mail.cnr.colostate.edu

Introduction. In high altitude rangelands, such as those in Colorado, sagebrush and other shrubs
can affect transport and deposition of wind-blown snow, thus enabling the formation of snowdrifts.
Managing sagebrush cover on rangelands in Colorado has been a common practice for many years
and sagebrush management techniques could have significant effects on snow accumulation patterns.
Several major factors in the sagebrush-water yield relationship become apparent after the removal of
this species from rangelands. Removal of such vegetation can reduce snow accumulation throughout the
winter season because snow has a tendency to saltate and sublimate across the extremely wind exposed
intermountain rangelands of Colorado. Blowing snow is a distinctive hydrologic feature of mountain big
sagebrush communities (Sturges, 1975). Redistribution of wind-transported snow between catchments
can strongly affect the water balance at small scales (Pomeroy & Li, 2000). Snow that potentially
could have been trapped by the plants may return to the atmosphere through sublimation. Soil moisture
and subsequent plant growth might be affected by this sublimation. Measurement of snow depth and
the spatial variability of these measurements might be important information for understanding the
snowdrift formation process. Past investigations have shown that scale is central to any assessment of
the spatial distribution of snow (Deems et al., 2006; Trujillo et al., 2007). Determination of the most
effective measurement scale for understanding ecologic and hydrologic processes in this environment
is essential.
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Objectives. Variogram analysis is an effective method for representing the spatial variability of
snow depth at different measurement scales in shallow rangeland snow packs. Three hypotheses were
tested to determine the nature of snow depth spatial variability in the high altitude plateau rangeland of
North Park, Colorado, using variogram analyses: (/) Sagebrush plant dimensions (microtopography)
are less spatially autocorrelated than the variations in snow depth measurements in resultant snowdrifts
around an individual plant; (2) As winter progresses and the voids within sagebrush plants are filled
with wind-distributed snow, the resultant surface evolves into a progressively less spatially variable
microtopography; (3) When measuring a shallow rangeland snow pack, smaller scale measurements
produce a progressively more spatially variable dataset of snow depths and therefore, a less spatially
autocorrelated snow surface texture.

Study Area and Data Collection. One area representative of Colorado’s high altitude,
intermountain rangelands is the North Park area, which is located within the Medicine Bow, Park
Range, and Rabbit Ears Mountain Ranges. This region provides excellent field research areas due
to abundant mountain big sagebrush habitat. A very fine scale field data collection campaign was
performed in this region in 2008 by the Cooperative Institute for Research in the Atmosphere (CIRA),
which is a research organization of Colorado State University. The CIRA dataset of snow depth
measurements are at a 25 cm resolution.

The National Aeronautics and Space Administration (NASA), of the United States Government,
also conducted a long-range data collection campaign known as the Cold Land Processes Field
Experiment (CLPX). This experiment included a manual ground measurement campaign of fine
scale (1 m resolution) snow depth measurements in the North Park area during February and March
012002 and 2003 (Cline et al. 2002). A third dataset was therefore co-located within the CIRA/CLPX
region of North Park, Colorado in order to facilitate a multi-scale, multi-data source study. These data
(WSD) were collected by the Watershed Science Program at Colorado State University and included
measurements taken at an ultra-fine scale of 5—10 cm between 2007 and 2008.
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Fig. 1. Location of North Park plateau within the state of Colorado

Methods. Variogram analysis is one method for representing the spatial variability of snow depth
at different measurement scales in shallow rangeland snow packs. One way to assess the scaling effect
of multi-resolution data collection is calculating the correlation length from a variogram (Fassnacht et
al., 2009). In spatial statistics, the theoretical variogram is a function describing the degree of spatial
dependence of a spatial random field; such as in spatial variability of snow depths due to wind drifting
around rangeland vegetation. In the variogram analyses performed for this study, each variogram
was fitted with an exponential line and the values for each trend line were then used to determine the
fractal dimension of each variogram (Deems et al., 2006). The fractal dimensions of each of the three
datasets (WSD, CIRA, CLPX) were assumed to be somewhere between two and three dimensions



45

because snow depths and sagebrush geometry were measured on a plane (x and y coordinates) with
some height or depth (z value).

Results. Variograms were grouped into comparative analyses; WSD sagebrush dimensions,
WSD snow depth measurements, and snow surface roughness evolution over the 20072008 winter
season were plotted into stacked variograms (Fig. 2). Multiple scale, multiple dataset snow depth
measurement variograms for the months of February and March were also compared (Fig. 3).
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Fig. 2. Results of the variogram analyses for spatial autocorrelation of (@) sagebrush microtopography in WSD plots
A, B, C, & D (b) snow depth measurements of resultant drifts in WSD plots A, B, C, & D and (¢) snow surface
roughness evolution in WSD Plot E over the 2007-2008 winter
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Fig. 3. Results of the variogram analyses for spatial autocorrelation of snow depth measurements at varying small
scales for WSD and CIRA over the 2007-2008 winter season and CLPX in 2002 and 2003; February snow depth
measurements (top) and March snow depths (bottom)

Discussion and Conclusions. Results of the variogram analyses indicated that the first hypothesis
may be supported. Variogram gamma values and fractal dimensions for the sagebrush canopy
microtopography tended to be larger than for the corresponding snow depth measurements. This
specifies more spatial variability in the sagebrush surface than in snow depths. The second hypothesis
was also supported by the variogram statistics. Variogram analyses indicated that snow depth became
less spatially variable (lower sill values) as winter progressed. There was also evidence of a “leveling-
off” of the spatial variability occurring later in the season. Variogram coefficients of variation and fractal
dimensions were also very close in value. Results of the variogram analyses for the multiple scale snow
depth datasets did not support the third hypothesis. The results actually indicated that smaller scale
snow depth measurements produce a more spatially autocorrelated snow surface. As scale in snow depth
measurements increased, both lag distances and gamma values increased slightly, as well.

According to variogram analyses, larger scale (smaller resolution) snow depth measurements
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in the shallow rangeland snow pack of North Park, Colorado produce a progressively more spatially
variable dataset of snow depths and therefore, a less spatially autocorrelated snow surface texture.
Measuring snow depths at differing resolutions in order to draw conclusions about the reduction of
shrub cover could be an effective research tool.
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FOREST PLANT PROPERTIES OF THE SOILS OF FOREST TUNDRA ON THE
EUROPEAN TERRITORY OF RUSSIA AND FOREST STEPPES OF THE INER ASIA IN
CONNECTION WITH THE GLOBAL CLIMATE WARMING

JECOPACTHUTEJBHBIE CBOMCTBA IIOYB JIECOTYH/JIPbI EBPOIIEVCKOM
TEPPUTOPUU POCCHUU U JJECOCTENN BHYTPEHHEN A3UM B CBS3U C
ITTOBAJIBHBIM INOTEIIVIEHUEM KJIMMATA

O.1. Khudyakov, O.V. Reshotkin, T.N. Bedrina

Institute of physicochemical and biological problems in soil science RAS, Puchshino, Russia,oix(@rambler.ru

It has been shown that current warming has global, continental and soil-zonal character. Climatic warming
of tundra soils of forest tundra on the European territory of Russia results in improving of forest plant properties
of the soils. Climatic warming of forest steppe of the Inner Asia leads to development of iridizations and
degradation of permafrost that is the cause of worsening forest plant properties of the soils.

B centsa6pe—okTtsa6pe 2003 . B MockBe cocTosiiack BecemupHas koH(bepeHIUs 1Mo H3MEHEHHUIO
kiumara (2004). 3 marepuainoB KoH(pEpEHINH CIIEAYET, 4To 3a HabaronaeMblii nepuox (1861-2002 rr.)
MIPOU30ILIO MOTEIUIEHNE KJIMMaTa OTHOCUTEIBHO KIMMaTHUYE€CKON HOPMBI (CpeaHssl TeMIeparypa 3a
niepuon 1961-2000 rr.). [ToBsimenne cpeHeACCATUICTHUX TEMIIEPATyP MTPOU30IILIO Ha TT0OATBHOM,
KOHTUHEHTAJIHHOM U Ha YPOBHE MOYBEHHO-KJIMMATUYECKON 30HBI.

[moGanbHOEe yBeNWYEHHE CPEAHEACCATWIETHUX TEeMIeparyp 3a Iepuoa HaOMIOIEHHS 10
OTHOILIEHUIO K KJIMMaTW4eCKOW HOpME OTMEYaeTcsl HaJl MOpPEM, Ha MOBEPXHOCTH MOPSI U CYILIH.
N3menenune kiammara HOCUT KoJjiebaTrenbHbIN XapakTep. B mepuon ot Havama nabmonenus (1861 1)
1o 1941 r. yBenuuyeHue CpeIHEroI0BOM TeMIeparypbl IPOUCXOAMIO B OTPUIIATEIFHOM THANa30He
0T MUHHUMAaJbHBIX 3HaueHu 1o 0°C. Haumnag ¢ 1940 r., Temneparypa NpU3eMHOIO CJIOSI BO31yXa
U TIOBEPXHOCTH MOpS HAUMHAET YMEHBIIAThCSA, M BCE M3MEHEHMsI TEMIIEpaTypbl NPOUCXOAAT B
OTpHILATEIbHOM JUara3oHe. JT0 03HAYAET, YTO CPEIHEro/10Basi TeMIepaTypanpru3eMHOI0 CJI0si BO3/1yXa
U TIOBEPXHOCTU MOpsSl CHOBa MoHMKaeTcsi. CHIDKEHHE CPEIHEroJ0BOM TeMIepaTrypbl MPOUCXOAUT
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npumepHo 10 1980 r., HauMHas ¢ 3TOrO BPEMEHU, CPEAHETOA0Bas TEMIIEpaTypa MPU3EMHOIO CII0s
BO3J/lyXa W MOBEPXHOCTU MOPS MOBBIMIAETCA. MakcuMallbHble WX 3HaueHusi otMedeHsl B 2002 1.,
MpUYeM TeMIleparypa MPHU3EMHOTO CJI0s BO3AyXa MOBBILIAETCS OBICTpEE, YeM MOBEPXHOCTU MOPSL.
OpnHako 3TH M3MEHEHMS 3a IMOCIEAHEE AECATUIIETUE OTHOCATCA KaK K TeMIleparype MOBEPXHOCTH
CYIIIH, TaK U K TEMIIEpaType MOBEPXHOCTH MOps. Takum 006pa3zom, aHAIIU3 CPETHETOIOBBIX AaHOMAIIUN
CpenHUX rodanbHBIX TeMnepatyp 3a nepuog 1 860—2002 rr. cBUIETETBCTBYET O TOM, YTO COBPEMEHHOE
MOTEIJICHUE KJIMMaTa HOCUT I0OaNIbHBIN Xapakrep.

[mobanpHOE WM3MEHEHHE KJIMMara Ha COBPEMEHHOM JTale CKIIAJIbIBA€TCS U3 COBOKYMHOCTH
OTJEIbHBIX KOHTHMHEHTAJIbHBIX H3MEHEHM. B CBOIO ouepens Xapakrep H3MEHEHMs Kiumara
OTIpe/eNsieTCsl LIMPOTOM M JIOJNTOTOM pACHOJIOKEHHWS KOHTMHEHTa IO OTHOILIEHUIO K 3KBATOPY,
CEBEPHOMY U I0KHOMY TOJII0caM 3eMJiH, KOH(pUrypanueil KOHTHHEHTa 110 OTHOLIEHUIO0 K MOPSAM U
OKeaHaM, YIJIOM IaJeHUs COTHEUHBIX JTyuell Ha 3eMHYIO MOBEPXHOCTb U APYTUMHU O0COOEHHOCTSIMH.
XapakTepHOil 0COOCHHOCTHI0O KOHTUHEHTAIBHBIX MU3MEHEHUN KIIMMaTa SBISIETCS TO, YTO KaXIAOMY
KOHTHHEHTY TMpHUCYyIa oOmasi TeHASHIMs TMOTEIUICHUSI KJIMMara, HO 9TO TMOTEIUICHHWE BBIPAKEHO
no-pazHoMmy. B Tabmnuiie nmokasaHo MOBBIIMIEHUE CPEIHEr0I0BOM TEMIEPATyphl BO3AyXa PazIUUHbIX
KOHTUHEHTOB U CBSI3aHHBIX C JTUM TIOBBIIIEHHEM TNOCIeACTBUsIMH. JlaHHble HAOMIONEHUN W
MoJienbHbIe pacueThl DenepanbHoil CIyKObI IO THAPOMETEOPOJIOTHH U MOHUTOPHHTY OKPYKAIOIIEH
Cpeabl TOKA3bIBAIOT, YTO KJIMMAT TeppUTOpUH EBpasuiickoro kKoHTHHEHTa B npeaenax Poccun 6omnee
YYBCTBUTEJIEH K [TI00ATbHOMY MOTEIUIEHUIO, YeM KJIMMAaT MHOTUX JAPYTUX PErHOHOB 3€MHOTO IlIapa.
3a nmocnemuaue 100 net (1907-2006 rr.) mo gaHHBIM ceTH Pocrmapomera moTerjieHHe B IEJIOM IO
Poccun cocraBuno 1.29°C npu cpennem rmobansHoM noreruiennu Ha 0.74°C. 3a nepuoa 19762006
IT. cpennee norerienue no Poccun pocturino 1.33°C, nmpu 3TOM OTMEYAETCs, YTO YUCIO JTHEH C
MOpPO3aMU YMEHBIIMIIOCh, @ HauOoJblllee YBEIMUEHNE MUHUMAJIbHOW M MaKCUMAaJIbHON CyTOYHOM
TEMITepaTypbl OTMEYAJIOCh B XONOAHBIM ce30H (OueHouHbld mokman..., 2008). Heobxomumo
OTMETHTb, YTO COBPEMEHHOE MOTEIUIeHHE KiiuMaTa Poccrun oTMedaeTcst OT Hauajia CUCTEMaTHYeCKOTO
HaOMIOZIEHNsT 32 TEMIIepaTypol BO3AyXa M TMOYBBI, OJHAKO IMOTEIUIEHHE MOIVIO HadaThCs eIle U
paHbllle, HO OTCYTCTBUE JaHHBIX HE MO3BOJIIET HAaM TOBOPUTH 00 3ToM. Hauano nHCTpyMEeHTaNbHbBIX
HaOmoneHui mpuxoasmuxcs Ha 90—e roapl NPONILIOTrO CTOJETHS. AHAIN3 TeMIEepaTypHBIX
JAHHBIX MOKA3bIBAET, YTO MOBBIIICHHE TEMIEPATYypbl BO3AyXa YK€ OTMEUaJIOCh Ha MEPHO Hadaja
HaOMIOZEHNsI, KOTOPOE IMPONOJDKAETCS 10 HACTOSIIEro BpeMeHH. [loBBIIIEHHWE TemIeparypsl
MIPOMCXOJMIIO B CHEKTPE OT OTpuLaTeNbHbIX TemnepaTyp 1o 0°C, u nuib ToibKo, HauuHas ¢ 80-X
roaoB 20—T0 CTONETHS, HOBBILIEHUE TEMIIEPATYPHI BO3AYXa OTMEYAETCS B IOJIOKUTEIBHOM JUANIa30HE.
JlaHHasi 3aKOHOMEPHOCTDH MOBBIIICHHS TEMIIEpaTyp BO3AyXa Ha Tepputopuu Poccuu coBmagaer c
aHAJIOTUYHBIM XOJIOM TEMIIEPaTyp IMI00aILHOTO TOTeIIeHHs. M3 3TOro MOXHO c/ieiarh 3aKII0YeHIe
0 TOM, YTO U3MEHEHHE CPEAHETOI0BOM MPU3EMHON TeMIeparypsl Bo3ayxa Ha Teppuropun Poccnn
MMeeT CUHXPOHHBIN XapakTep ¢ mo0albHBIM H3MEHeHHEeM TeMIieparypsl Ha 3emHoM Illape.

B Hacrosmieit paboTe aHaMM3UpPyeTCs] BIUSHHUE COBPEMEHHOTO TOBBLIIICHUS TEMIIEPATYpPHI
BO3/lyXa Ha JIECOPACTUTEIILHBIE CBOKMCTBA TYHIPOBBIX I10YB JECOTYHIAPHI EBpONENCKON TEPPUTOPUHU
Poccun u necHbix nous Jiecoctenu Bocrounoro Xanras B MoHronuu.

TyHapoBble OYBKI J1eCOTYHAPHI EBponelickoit Tepputopuun Poccun xapakrepusyroTcst JaHHBIMU
Mereoctanuuu Enenkas u [lerpyns. [louBa Mmereoctanuuu [lerpyns TyHapoBas necuyanas. Havano
HaOmroneHnit Ha Meteoctanumu [lerpyHp mpuxomutcs Ha 1941 1., a Ha MereoctaHmmu Enerkas
— Ha 1961 r. Jlnga mecyaHoM TYHAPOBOW MOYBBI KJIMMAaTHYECKas HOpMa TEMIEPaTypbl BO3AyXa
(cpennss Temmeparypa Bosayxa 3a nepuon 1961-1990 rr.) cocrapmsier —4.4°C. CpenHenecaTuieTHSS
Temneparypa Bo3ayxa 3a nepuoxn 1961-2000 rr. u 3a nepuoxn 2001-2008 rr. TyHIPOBBIX MOYB IO
Meteoctanuuu [lerpyns cocraBuna —3.7°C u —2.8°C, uto Bblle KiinMaruyeckoit HopMbl Ha 0.7°C u
Ha 1.6°C cOOTBETCTBEHHO.

B cymmMHHMCTBIX TYyHIPOBBIX IMOYBax Mo MeTeocTaHiuu Enenkas 3a mepuox 1991-2000 rr.
u 3a 2001-2008 rr. mOBBIIEHHE TEMIIEPATyphl BO31yXa M0 OTHOIIECHUIO K KIMMaTHYECKOM HOpMeE
temneparypsl Bo3ayxa coctaBuio 0.4°C u 1.3°C coorBeTcTBEHHO. TakuM 00pa3oM, COBPEMEHHOE
MOTEIJICHHE KJIMMAaTa BbI3BAJIO YITyUIlIEHHE SKOJOTMUYECKUX YCIOBUN U JIECOPACTUTENBHBIX CBOWCTB
TYHAPOBBIX [TOYB JIECOTYH/PHI.
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Tabnuya. VI3MeHneHune TemMreparypsl Bo3yXa 110 KOHTUHEHTaM U MOCIEACTBUS

KonTunent IToBbIIEHHE HocnencTeus
TeMIepaTyphbl
Ha °C

Asuarckuil: Kuraii, 01 0.8 10 1.5 Ha xoHTHHEHTe yBEeTHUMINCH IUIOLIaU APUAHBIX U IIyCTBIHHBIX

Wnnus, [Takucran 30H, CHU3WICA CTOK pek. B Ilakucrane pexu npakTudecku
NepecoXJin

EBponeiickuit Orl2pol4 3acyxu B Ucnanun, ®pannun. HaBoguenus B ['epmannu, Uexun,
CrnoBakuu, B cTpaHax OacceiiHa p. JlyHaii

AMepuKaHCKUH Ot 0.6 10 0.8 YBenuueHne KOJMIecTBa IITOPMOB, TaiipyHOB. B neTHee Bpems
YBEITMUHIICS. MEKOCAIKOBBIN 3aCyIIUTMBBIIN MEPHON (3acyxa)

AHTapKTHaA Or05m01.5 TastHMe mhaa, U3MEHEHHUE JIeZIoBOM 00cTaHOBKH. [locTymneHune
OrPOMHBIX Macc Tajioil Bojbl B MupoBoi OkeaH

ApkTHKa Or1.0 10 1.5 YMeHbIIMIach jieoBas oocraHoBka. bospmias yacts CeBepHOTO

Jlenouroro OkeaHa craa IPOXOAUMOit 1i1s kopabiei. CHU3MIIACh
nenoBas ooctaHoBka BOKpyr Kananel u Mcnanauu. B Mopsix cranu
pa3BaIMBaThCs aiicOepry U TasATh MAKOBbIC JbAbL. Ha modepexne
Cesepaoro Jlenouroro OxeaHa NpoUCXOAUT TastHUE BEUHOMH
MEP3JI0THI, OSBIIAIOTCS OaIKEPaxXu M CONUMIIOKIIHS

INossimenue remnepatypsl | Ot 0.6 go 1.2 [Tpuseino k 6onee ObICTPOMY OOMEHY MEX/Ty TETIIIBIMU U
Muposoro OkeaHa XOJIOZIHBIMH BOJIAMH, CIICJICTBUE — Ooee YacThle TaildyHbI
Temnoe Teuenue IIponukno Ha Hapymenue nenosoii cutyaunu Ha CeBepHoM Jlenosutom Oxeane
«TonepcTpum» HM3MEHWIIO CKOPOCTH TEUCHHUS BOJIBI
500-800 xm B
ApKTHKY
Poccus: EBpormeiickas 0103 10 0.4 M3MeHnmch 3UMHNE KIMMAaTHIeCKHIE YCIOBUS. YBEINIHUIIACh
4acTh, A3ust, UykoTka, TyOMHA CE30HHOTO MPOTanBaHMs MOUYBHI. VI3MeHMIach
Janpauiit Boctok, Cubupn [IUKJIOHAJIFHAS aKTUBHOCTD, OCIAa0NIeH 3UMHUIN CHOMPCKUit
AHTUIHKIOH
Mocksa 3a 125 et peryaspHbIX KIUMaTHIeCKHX HCCIeJOBAaHUH
CpEIHEroIoBas TEMIIepaTypa Bo3ayxa nmosbicuiaack ¢ 3.5°C go 6°C
IIporuHo3 no ocaaxam VYBenuuenue B CeBepHbIX U LleHTpanbHbIX palioHax U cHkeHue B FOKHBIX

ITouBeHHBIN OKPOB JiecocTeny BHyTpeHHell A3un — 3T0 caMOOBITHOE COYETaHHE TT0YB CyXOU
CTENH CKJIOHOB IOp CBETOBBIX SKCIO3UIUN U ITyOOKOMEP3IOTHBIX JYTOBO-JIECHBIX M MEP3JI0THO-
TAaeKHBIX TMOYB CKJIOHOB TOp TEeHEBBIX 3kcmo3uimil (Xyaskor, 2009). Penped kak mpupomHbIit
nepepacpeseuTeNb SKOJIOTHUeCKUX (PAKTOPOB SIBISETCS TEM MEXAaHU3MOM, KOTOPBIH 10 HACTOSIIIIETO
BpEMEHHU MOJJEPKUBAET MEP3JOTHBIE KIMMAaTUYECKUE YCJIOBHMsSI B IIOYBaX CKJIOHOB TEHEBBIX
SKCHO3UIMHI, CPOPMUPOBAHHBIX B TIEHCTOLIEH—TOJIOLIEHOBBIN MEepUO/], CIOCOOCTBYIOIINE PA3BUTHIO
JIECHBIX COOOIIECTB.

CoBpeMeHHOENIOTEINIEHNEKIIMAaTalecoCTen BHYy TpeHHEN A3MHM BBI3bIBAETY CUIIEHUE OTETIJISIFOILIETO
BIIMSTHUS KJTIMATa CKJIOHOB CBETOBBIX IKCIIO3UIMIA HA TTOYBBI MEP3IOTHOH (hOpMAIMy CKIIOHOB TEHEBBIX
9KCTIO3ULIMH, YTO MPUBOAMT K JErpajallid Mep3JIOoThl MO MEPUMETPY apeaja MEp3JIOTHBIX IO0uB, K
OTCTYIUICHHIO JIECHBIX COOOLIECTB K LIEHTPAJIbHBIM Y4acTKaM CKJIOHOB IOp CEBEPHOM SKCIO3MLIUH, a,
CIIeIOBATENbHO, K apUAN3alMY U PacIIMPEHHs apeasia CTEIHBIX COOOIECTB.

Takum 00pazoM, COBpeMEHHOE TMOTEIJICHHE KJIMMaTa JiecocTenu BHyTpenHeill A3uu npuBOAUT
K Pa3BUTHIO apuUIu3allid TEPPUTOPHUH, AErpajallil MHOTOJETHEH Mep3JOThl, YTO NPUBOIUT K
YXYALIEHUIO JIECOPACTUTENBHBIX CBOMCTB IIOYB CKJIOHOB I'OpP TEHEBBIX DKCIIO3ULIUM.
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