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Introduction

Peatlands are globally important habitats for endangered animal
and plant species. Additionally, they show manifold regulative
functions and are excellent archives for the genesis of landscapes
including human settlement history. In this way peatlands are an
eminent element for the biodiversity on our planet which should be
vigorously preserved.

Next to the conservation of biodiversity, the mitigation of climate
change is the second big challenge of our modern times. Climate
change is mainly driven by CO, emissions of the industrial sector,
traffic and private households, but also of large forest and peat fires.
Consequently, rise of sea levels, shifts in the boundaries of climate
regions, desertification and the like do impend. The conservation
of ecosystems that act as sinks for CO, is one effective possibility
to reduce greenhouse gas emissions and mitigate climate change.

Recently peatlands, in the context of climate change, are
increasingly moving into the focus of science and public. A question
of special interest is, which role pristine and degraded peatlands
play in contributing to the emissions of greenhouse gases (GHGs)
- and how potential negative impacts can be minimized by suitable
management.

Numerous scientific projects have addressed these issues so far.
Fluxes of GHGs have been intensively investigated in various
peatland types. Up to now reliable indicators (proxies) and a
suitable methodology that could substitute, at least partly, complex
and expensive monitoring procedures are lacking.

Recently such an approach has been developed at the Institute for
Botany and Landscape Ecology of Greifswald University and has
been applied by the Michael Succow Foundation in a pilot study in
the Zehlau peatland, a bog of 2 600 ha in the Kaliningrad Oblast,
Russian Federation. Jointly with Belarus, Ukraine, Poland and
Germany, the Russian Federation constitutes a global hot spot of
greenhouse gas emissions from degraded peatlands (Hooijer et al.
2006). Thus, the results of the study may be of interest within the
whole region. Its main results and conclusions, also concerning
further need for research, will be presented in this brochure.

BBepneHune

bonora no Bceli nyaHeTe ABIANTCA BaXKHBIM MPUCTAHUIIEM /IS
BUJIOB, HAXOAALIMXCA IOJ, YIpo3oll ucuesHoBeHud. OHM Takxe
BBIIIOJIHAIOT PasHOOOpasHble MPpYPOfHble PYHKLUNU U ABIANTCA
3aMeyvaTe/IbHbIM apXMBOM Pa3BUTHA HaHHOTO TaHAIA(Ta, BKIIO-
Jas UCTOPUIO €TO YenoBedeckoro sacenenus. [loatomy 6onora AB-
JIAI0TCA LIEHTPaTbHBIM (aKTOPOM OMOIOrMYECKOro pasHoobpa-
31151 HAa HalIel I/IaHETE, KOTOPDI HY>KHO aKTUBHO COXPaHATb.

IToMuMO coOXpaHeHNs: OMONIOrMYeCKOro pasHOOOpasus BTOPOI
CJTIOKHOV 3ajjadyeil COBPEMEHHOCTM SBIIAETCA OTPaHUYEHME W3-
MeHeHui Knumara. OHU B 3HAYUTENbHON Mepe NMPOUCXOJAT U3-
3a BeI6pocos CO, IPOMBINITIEHHBIM, TPAaHCTIOPTHBIM ¥ GBITOBBIM
CEKTOPOM, a TaK)Ke B pe3yJbTaTe 0>KapoB B jlecax 1 Ha 60/IOTAX.
B pesynbTare BO3HMKAET yIpo3a NOBHIILEHNS YPOBHSA BOJIbI B OKe-
aHe, CMEUIEHNA KIMMAaTU4Y€CKMX 30H, OITYCThIHMBAHMA I MHOTO-
TO Jpyroro. HpOTI/IBOCTOHTb 9TOMY aHTPOIIOT€HHOMY N3MEHEHI IO
K/IyMaTa IIOMOJXXET ITOCTOAHHOE YMEHDbIIEHNE BI)I6POCOB IIapHN-
KOBBIX I'a30B U 3all[MTa U COXpaHEHMe SKOCUCTeM, QYHKLMOHUPY-
fomux B Kauectse ynosurenen CO,.

B sTOM KOHTeKCTe 60/10Ta BCe OOoIblle MONAafA0T B MO/IE 3PeHNUs
HayKI U 001L1eCTBeHHOCTH. [Ipy 9TOM Ba)kHOe 3HadYeHue Ipuob-
peTaeT BOIPOC, KaKyI0 PO/Ib UTPAIOT HETPOHYThIE ¥ HAPyLIEHHbIE
60710Ta B BBIOPOCAX IAPHMKOBBIX [A30B, I KAKIe MEPBI HAZ0 IIPefi-
IIpUHATD, LITO6I:;I MUHVMU3VPOBATDb BO3MOXXHBIE OTPULIATEIbHbIE
HOCTIECTBHL.

9Toit TeMe OBUIN MOCBSIIEHBI Pas3IMYHbIe UCCIeOBaHNA. VIHTeH-
CVMBHO MCCIEAYIOTCSI BBIAE/IEHNS Tasa PasIMIHBIMU 6OIOTAMM.
Ho 1o cux mop He XBaTayio METOAVIKY, OOeCIiednBaoLIell BO3MOX-
HOCTb ITPOEKIIMM IIOTTYYEHHBIX Pe3y/IbTaTOB Ha 6o/ee OO pPHbIE
TEePPUTOPUMN U IIO3BOJISIONIEI B TO K€ caMOe BpeMsi XOTs Obl OT-
JacTM 3aMEHUTD JOPOTOCTOAINE VI EMKME ITPOLECCHL M3MEHEeHUT
IIOCPENCTBOM BbIABICHN A HANE)KHDbIX NMHANKATOPOB.

Ha ¢axynbrere 60TaHnku u nanmmadTHON aKonorun I'paiidce-
BaJIb/ICKOTO YHUBepCUTeTa Obl/Ta HelaBHO pa3paboTaHa TaKas Me-
TOLMKA, KOTOpas 3areM Oblla MCIpOOOBaHA B paMKaX IPOEKTa
¢donga Muxasnsa 3ykko Ha mpumepe BepxoBoro 6omora Llemay B
KannuuHrpagckoit obnactu mromazsio B 2 600 ra. Bvecre ¢ Benma-
pycbio, Ykpaunoii, ITonbimest u T'epmanueit Poccuiickas ®epepa-
LV IpefiCTaBIIsAeT OO0 TOPAYYI0 TOUKY I7I00a/IbHBIX BBIOPOCOB
[IAPHVKOBBIX Ta30B U3 JierpafgnpoBaHHbix Topdsaukos (Hooijer
et al. 2006). IToaToMy pe3yIbTaThl NCCIE[OBAHNUS MOTYT BBI3BATh
MHTEpeC BO BCEM ITOM peruoHe. BakHelilne pe3y/bTaThl 1 3a-
KJIIOYeHUsI IPeiCTaB/IeHbl B JaHHOIL Opourope. B Helt Tak)xe 060-
3HAYCHDI HOTPC6HOCTI/I B TOIIO/THUTE/IbHBIX MICCTIENOBAHMU AX.



Impact of peatlands
on climate change

On the global level, peatlands constitute an immense carbon store.
Though only covering 3% of the land surface, they hold 30% of the
total terrestrial carbon (Joosten & Clarke 2002).

Within thousands of years the vegetation of peatlands has
assimilated CO,, incorporated carbon in its plant tissues, and
sequestered it in the peat after plants died off. This process requires
permanently high water levels which segregate the dying plant
material from oxygen. After a permanent drop of water level, e.g.
by drainage measures, the process of accumulation is reversed.
Carbon having been sequestered in the peat is now released as CO,
again (Couwenberg et al. 2008). Globally, peatland drainage leads
to the emission of 2 - 3 Gt of CO, per year (Couwenberg 2009b).

For nitrogen which is also stored in peat, similar processes exist. If
exposed to oxygen, it oxidizes and is washed out as nitrate (NO,) or
emitted as nitrous oxide (N,0) (Koppisch 2001).

On a small scale, decomposition of organic matter also takes place
under anaerobic conditions (absence of oxygen) in the peat body
of intact peatlands. Besides other gases, methane (CH,) is formed
in this process — likewise a trace gas with high global warming
potential (Couwenberg 2009a).

Thus in the assessment of the relevance peatlands have for climate,
mean water levels are crucial. Hereby, the different impacts of the
above-mentioned three gases have to be considered. Correlated to
a time scale of 100 years methane bears the 21-fold, nitrous oxide
the 301-fold global warming potential of CO,.

In principle, growing peatlands show a negative CO, balance,
thus stripping more CO, from the atmosphere than they emit and
therefore constituting a CO,-sink. A scheme of the interrelation
between CO, emissions and mean water table is shown in Figure 1-A.

Figure 1-B illustrates that high emissions of CO, and N,O are
characteristic for degraded peatlands with alower mean watertable.
However, in addition to the water table, N,O emissions depend
on other, yet not well understood factors. Thus a quantitative
assessment of N,O emissions on peatland sites is difficult. One
driving factor influencing the amount of N,O emissions is the
content of elemental nitrogen in the peat. Consequently, peatlands
which are fed by precipitation only (bogs), and which are thus not
in contact with groundwater rich in nitrogen, show just minor N,O
emission under drainage.

Due to the existing uncertainties in the emission of N,O, nitrous
oxide emissions are often neglected in climate impact studies of
peatlands.

Methane is emitted in lower quantities by intact mires with high
water levels. Moreover, following rewetting, peaks of methane
emissions may occur for a limited time (Figure 1-C). They are due
to the decomposition of fresh biomass in large quantities. Those

BnnsaHne 6o0n10T Ha
N3MEeHeHNa Knmmara

Bo Bcem Mupe 60/10Ta IPEACTaBIAIT COO0I OTPOMHbBIE XPAHUIN-
ma yraepoga. Oy 3sanuMaroT muinb 3% nosepxHocTu semnn. Of-
HAaKO B HMX CBs3aHO 30% Bcero HazeMmHOro yriaepopa (Joosten &
Clarke 2002).

TricsYeneTMAMMN 3TOT YITIEPOJ, yCBauBaICs 60OTHBIMM PACTEHNU-
amu B popme CO,, CBASBIBAICA B PACTUTENTBHOM BOJIOKHE I IIO-
CJIe MX yMUpPaHUA OTKIAAbIBaNICA B Bufie Topda. ITOT Ipolecc,
OJHAKO, IPONCXOOUT TOTBKO IIPY HAMNYINU JOCTATOTHOI'O YPOB-
Hs1 BOJIBL, YTOOBI IIEPEKPBITh PACTUTEIBHOMY MaTepuany HOCTYI K
kucnopony. Ecnu ypoBeHb Boibl ajiaet, K IpuMepy, U3-3a Mep 110
OCYWIEHNIO, TO IMPOLECC AKKYMY/IALNYM ITOBOPAYNBAETCA BCIATD.
Yrnepon, paHee CBA3aHHBIN B Topde, BBICBOOOX/AeTCA B BUMIE
Co,.

To >xe caMoe IPOMUCXOINT M CO CBSI3aHHBIM B TOopde azoToM. Kax
TOJIBKO IIPOMCXOAUT KOHTAKT C aTMOC(HEpPHbIM KUCTOPOJIOM, OH
BBIMbIBaeTCA B Bujie HuTparta (NO,) n BribpachiBaeTcs B arMocde-
py B Buje 3HauMMOI iy KnumaTa sakucy asota N,O. (Koppisch
2001)

B ManbIx KonmmMyecTBax TaKue IIPOLECChl Pas3IoKEeHMA MPOMCXO-
IST ¥ B HETPOHYTHIX 6onoTax. OHM MPONCXOAAT B aHAIPOOHBIX
ycnosuax. Ilpu atom Beigenserca u meran (CH,), Toxe ABnAm-
mumitcsi napHuKoBeiM razoM (Couwenberg 2009a).

[To3TOMY [/IsI OLIEHKM 3HAYMMOCTY GOJIOT /ISl K/IMMaTa BaXKHOe
3HaueHMe JIMeeT [OKa3aTe/lb CPEeJHEr0 YPOBHA BOXbL IloMuMo
TOTO, TPY BbILIEYKA3aHHBIX Ida3a MMEIOT PA3TNYHBII ITAPHUKO-
Bblil addexT. 3a nmepuopn B 100 eT MeTaH obmamaer 21-KpaTHBIM
MapDHUKOBBIM IOTEHIMAIOM YITIEKUC/IOTO Ta3a, a 3aKMCb a3oT
- 301-KpaTHBIM.

B nmpuHUMIIE MO)KHO MCXOZMTD M3 TOTO, YTO pacTyliue 6omora
IPUBOAAT K oTpuIaTenbHoMy 6amancy CO,, To ecTb, YTO OHM 3a-
6uparor us armocdepsi 6onpure CO,, yeM oHM €T0 BhIfieNAT. OHN
CTAaHOBSTCSI CTOKOM COZ. Ha puc. 1-A B ynpolieHHOM BIfie IIpefi-
CTaB/leHa 3aBICUMOCTD BbI6pocos CO, OT CpelHero ypOBHS BOADL.

Brr6pocsr N,O BemyT cebs Tak xe, Kak u Bib6pocst CO,, oHM ABNA-
I0TCS TUIIMYHBIMY J/Is1 HAPYLIEHHBIX 60110T (puc. 1-B).

Opnako BrI6pochk! 3akucy N,O 3aBUCAT He TONMBKO OT YPOBHA
BOJBI, HO TaKXe U APYruxX (aKTOpPOB, KOTOPBIE O CUX IIOP ele
HE BBIABJ/IEHDI, T.€. HENIb3A IMONYYNTb TOYHOE, VIV KOINYIECTBEH-
HOe, 3HaYeHNe BbI6pocos sakucu N,O. BaxxHoe 3sHa4YeHIe, OTHAKO,
MMeeT KOHIIeHTpawus B Topde azota. Te 60110Ta, KOTOpBIE HOAIIN-
TBIBAIOTCS MCKJIIOUUTENIBHO OCafIKaM, T.e. B KOTOpPbIe He IOCTY-
[aeT IPyHTOBasi a30TOCOfEpIKalIas Boga (HoXKzeBble 600TA), B
OCYIIEHHOM COCTOSSHUM BBITENAIOT Masible Konmmaectsa N, O.

Beupy Toro, 4to B HacTosllee BpeMs CyHIeCTBYET HEONpeJe/ieH-
HOCTDb B BHIYMCTIeHMH BbI6pocoB 3akucu N,O U3 oCylIeHHBIX 60-
JIOT, IIPU OLIeHKe 3Ha4MMOCTH OOJIOT /IS K/IMMaTa OH B OCHOBHOM
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Figure 1: Greenhouse gas emissions of peatlands in relation to the mean
water level. A: CO,, B: CH,, C: N,O. fens = peatlands fed by telluric water,
bogs = peatlands fed by precipitation only (after Couwenberg et al. 2008)
Puc. 1: Beibpocbl NapHMKOBbIX ra3oB 13 6010T B 3aBYCUMOCTU OT
cpefHero yposHd Bodpl. A: CO,, B: CH,, C: N,O. Fens = H/anHHbIe
60s10Ta = MMTaeMble rPYHTOBLIMU BoAamu; bogs = Bepxosble 6onoTa =
nuTaemMble ocagkamm (cornacHo Couwenberg et al. 2008)

emission peaks are only of temporary character and decrease
after a few years. Moreover, they can be avoided partly or totally
by adequate management - e.g., by biomass extraction before
rewetting or by only gradual increase in water levels.

Methodology for the assess-
ment of climate relevance

The direct assessment of gas balances on peatland sites in general
is expensive, time consuming and thus possible mainly on a small
scale. Therefore, for the assessment of climate relevance of whole
peatlands or peatland complexes, appropriate proxies can be applied.

The GEST-approach (Greenhouse Gas Emission Site Type) is
based on an indirect deduction of gas emissions via vegetation
composition of the peatland. In this frame, the so-called ,vegetation
form’ concept (Schliiter 1979, Koska 2001) is applied.

,Vegetation Forms’

site factor / rpaameHT ydactka

species groups / rpynnsl BALOB

site factor classes / vegetation form
K/acchl y4acTka / cybbeanHnLb popm 1 2|3 |4 5
Beretauum

subunits / nogknaccebl

HE€ Yy4YUTbIBAETCA. 9TO MOXeT IIpUBECTN K HEAOOLEHKE BINMAHNA
OCYLIEHHbIX 60710T Ha K/IMMaT.

CH, BrIfiensieTcs B IepBYI0 O4epeNib IPY BHICOKOM YPOBHE BOJDI,
TUIIMYHOM Ji/Is1 HEeHAPYIIEHHBIX I OOBORHEHHBIX 6ormoT (puc.
1-C). B ocobeHHOCTM B mepBble TOABI IIOCTIE MepP 0 0OBOJHEHNIO
60/10Ta MOT'YT CTaTh MCTOYHMKOM OOJIBIIOrO KOMMYECTBA MeTa-
Ha. B Ty rogbl Takoit addexT MoxKeT IPeBbICUTD 6aTaHC B CEKBe-
crpanuy CO2 B OTHOLIEHNY €T0 BAMAHNA Ha K/IMMaT.

MeToanka oueHKn 3Ha4Ynmo-
CTW ONna Knumarta

V3 mpakTU4YecKuX, a B IepBYI0 o4epeb U pUHAHCOBBIX, COOOpa-
JKeHMIT HaO/TI0fieH e 3a BRIOpocaMu Ta30B 13 60JI0T, KaK IIPaBuUIIO,
BO3MOJXHO TO/JIPKO /JIMIIb HAa MaJ/IbIX YIaCTKaX ITIOBEPXHOCTMU. ITo-
9TOMY /IS OLIEHKM 3HAYMMOCTH [/Is K/IMMATa BCero 60/IoTa min
KOMIIJIEKCA 60HOT IIPUXOANTCA IIONTb30BATHCA INIID KOCBEHHBIMMI
MeTOHAMIL

OcnoBoit ans npumenenus: meroga GEST (Greenhouse Gas
Emission Site Type — tunm tepputopum 1o BbIOpOCaM NapHUKO-
BBIX Ta30B) fAB/IAETCA KOCBEHHBIII OTBOJ [a30BbIX BHIOPOCOB pac-
TUTE/IbHBIM IIOKPOBOM 60710Ta. IIpy 3TOM MCIIONb3yeTCs KOHIeTI-
uyus BereralMoHHbIX ¢opM (popm pacturenbHocTM) (Schliiter
1979, Koska 2001).

BeretauvnoHHble (oopMbl

Sta KoHUenuus 6asupyercs Ha ToM ¢akTe, YTO OIpPeHe/IeHHbIE
BUJIBI U COOOIIIeCTBA PaCcTeHWIT BHYTPU OFHOIO TPai¥ieHTa Teppu-
TOpuUY (HAIp., OT BAAKHOTO O CYXOr0) BCTPEYAIOTCs TONbKO BHY-
TPU OIIpefie/IeHHBIX I'PaHML] y4acTKOB. IIpy mpoBefieHNN pasnu-
41t B pOPMax PacTUTENbHOCTU COCTAB/IAITCA BereTallllOHHbIE
eIMHULIBL, KOTOPbIE B 3HAYNTE/IbHOI CTEIIeHN ABJIAIOTCA

Figure 2: Schematical differentiation of ‘vegetation forms’ by site
amplitudes occupied by eco-socioligical species groups along an
univariate site factor gradient (sensu Koska et al. 2001)

Puc. 2: Cxema cermeHTaumm BereTaumoHHbIX (OOpM NOCPEACTBOM
MCMOJIb3YEMbIX 30HHBIX aMMINTY [, SKOCOLMaNbHbBIX BUOOBLIX MRy Ha
NPOCTOM rpaaneHTe ydacTka. (no Koska et al. 2001)



The concept is based on the knowledge that plant species and
associations occur just in certain ranges along a given gradient in
abiotic site conditions (e.g. from wet to dry). With the differentiation
of so-called ,vegetation forms’, discrete units of vegetation are
classified, that represent a definite range of abiotic site conditions.
The ,vegetation form‘ approach is based on so-called eco-sociological
species groups that contain species, which co-occur with high
statistical significance (sociological groups). In field surveys, the
correlating abiotic site conditions are assessed and assigned to these
sociological groups, jointly forming the eco-sociological groups. A
stable level of abiotic site conditions forms the pre-requisite for this
approach, so that vegetation has had time to adapt to those conditions.

Abiotic site factors with substantial influence on vegetation
composition are (as identified so far):

o water level and dynamics (Water level class, sensu Koska 2001)

o origin of water and form of water supply in the peatland
(precipitation or telluric water, percolation of the peat body,
paludification, flooding etc. — Water regime typ, sensu Koska 2001)

o nutrientavailability, particularly the ratio of carbon and nitrogen
(Trophic class, sensu Succow & Stegmann 2001)

« pH (acid base class, sensu Succow & Stegmann 2001)

With the assignment of amplitudes in abiotic site conditions to the
sociological species groups, the ecosociological species groups are
defined.

Table 1: Definition of water level classes in the ‘vegetation forms’-
approach (sensu Koska 2001)

Tab. 1: JedhvH LM YPOBHEN BOAbI B KOHLIEMNLIM BErETALMOHHBIX (hOPM
(no Koska 2001)

water level class / ypoBeHb Bogbl description / onucaxne

7+ upper sublitoral / BepxHsas WLw/WLd: +250 to +140 cm

cybnutopanb

6+ lower eulitoral / HWKHsIS eBRIUTOPanb WLw: +150 to +10 cm; WLd: +140 to +0 cm
5+ wet (upper eulitoral) / WLw: +10 to -5 cm; WLd: +0 to -10 cm
BO[JOHAChILLEHHbIN (BEPXHSAS €BIMTOPasb)

4+ very moist / o4eHb BNaXXHbIN WLw: -5 to -15 cm; WLd: -10 to -20 cm

3+ moist / BnaxHbI WLw: -15 to -35 cm; WLd: -20 to -45 cm
2+ moderately moist / ymepeHHo WLw: -35 to -70 cm; WLd: -45 to -85 cm

BNaXXHbIN

WD: < 60 I/m?

WD: 60 - 100 I/m?
WD: 100 - 140 I/m?

2- moderately dry / ymepeHHo cyxoi
3- dry / cyxoi
4- very dry / o4eHb cyxon

5- extremely dry / npegensHo cyxow WD: > 140 I/m?

+: wetlands and aquatic habitats / BogHo-60n0THas 1 BogHasi cpega obutaHus

-1 non-hydric terrestrial habitats / 6e3BoaHas HazemHas cpefa obuTaHust

WLw: long-term median water level wet season;

WLd: long term median water level dry season;

WD: water supply deficiency;

Seasonally alternating wetness is indicated by a combination of different water level classes, e.g.
5+/4+ refers to a WLw within 5+ range and a WLd within 4+ range.

Strongly alternating wetness is indicated by a tilde-sign, e.g. 3~ refers to a WLw within 4+ range
and a WLd within 2+ range.

WLW: BNa>KHbIi CE30H [LONITOCPOYHOTO CPEANHHOMO YPOBHS BOABI

WLd: cyxol Ce30H [ONrOCPOYHOro CPEAVHHOO YPOBHS BOAbI

WD: pecduupmt Bogonofaqmn

Ce30HHO BapbUPYIOLLAACS BNXKHOCTb ONPEeAeseTcst KOMBMHALMEN PasInyHbIX KIAcCoB YPOBHS
BOAbl, Hanp., 5+/4+ oTHocuTea K WLw B avanadoHe 5+ n WLd B ananasoHe 4+.

CWNbHO BapbMPYIOLLASICS BNAXXHOCTb YKasblBAETCSH 3HAYKOM ~, Hanpumep, 3~ o3HadaeT WLw B
fvnanasore 4+ v WLd B gpanasoHe 2+.

PENpEe3eHTATUBHBIMU JI/I Y3KO OYEPYEHHOrO y4JacTKa C Xapak-
TEPHBIMU JJIA HErO 0COOEHHOCTAMMU. B OCHOBE 3TOTO JIeXaT 3KO-
couuanbHble TPYIIIbI BUNOB. 31eCh CBOJATCSA BOENMHO T€ BUJIDI,
KOTOPbI€ BCTPEYAIOTCA BMECTE C BBICOKOJ CTaTUCTUYECKON 3HAYM-
MOCTBIO (coryanbpHble rpynmnsl). [locie HAyYHOTO MCCIE[OBAHMS
TEPPUTOPUM ONPENENAIOTCA TUNNIHO UCIONb3yeMble STUMMU CO-
oblLiecTBaMM BUJIOB Y4aCTKM Pe/IeBAHTHBIX I'Pa/iIeHTOB TePPUTO-
pyn. YCTONYMBBLL ypOBEHb a0MOTUYECKUX YCIIOBUIT TEPPUTOPUI
ABJIAETCS HPEIOCHIIKON /IS TAKOTO IOAXOMa, YTOObI Y pacTi-
TEIbHOCTY OBIIO BpeMs [UIA afallTaliMy K 3TUM YCIOBUAM.

IToxa 4TO OmpefieNleHbl CAEAyONINE CYIeCTBEHHbIE TEPPUTOPU-
aJIbHbIe IapaMeTpbl 60/IOT, BIUAIOLINE Ha PACTUTENbHOCTD:

« Bbicora u fuHaMuKa ypoBHs Bozbl (YpoBeHb Bobl, sensu Koska
2001)

o Vcrounuk Bopsl 1 GopMa 3aUTHIBAHNSA BOAbI 6010TOM (0Caf-
K1 UIn M]/IHepa}IbHI)Ie rpyHTOBbIe BOJbI, HpOTeKaHI/Ie LIepef’)
TOpQsIHYIO Maccy, 3abonaunBaHue, 3aTOIIEHNE U T.Jj. — TUII BO-
RHOrO pexxnma, sensu Koska 2001)

e HA/INM4YME IINTATC/IbHBIX BEUICCTB, B OCO6CHHOCTI/I COOTHOIIICHNE
MEX/y YITIEPOIOM M a30TOM (YPOBEHb HYTPMEHTHOCTH, SENsu
Succow & Stegmann 2001)

« ITokasarens pH (YpoBeHb 6a30B0JT KMCTIOTHOCTH, SeNsU SUCCOW
& Stegmann 2001)

HyTeM IIPpUBA3BIBAHNA aMIUINTYN 3TUX YIaCTKOB K COLMIa/IbHBIM
coofIecTBaM BUJIOB IOYYAIOTCSA 9KOCOLMAIbHble IPYIIIbI BU-
TOB PaCTEHMIA.

IIpencraBieHHbII 3[ieCb METOLOIOTMYECK NI IO X0/, TOTOB K ITPH-
JIO>KEeHMIO BO Bcex Topdsinmukax LlenTpansHoit n BocrouHoii Es-
potie, IIOCTIe IPOBEAEHNs PErNOHAIbHON Kannbposku. Ilpn npu-
MEHEHMN KOHLENINY HEOOXOAMMO YIUTHIBATD TO, YTO COCTAB I
MHJUKATYBHOE 3Ha4YeHMe 3KOCOLMANbHBIX I'PYII BUJOB MOTYT
BapbUPOBATHCS OT pernoHa K pernony. OObIYHO OHM AEVICTBYIOT
JNLIb B IPaHUIAX MaKpOKIMMaTH4eCKuX 30H. Ecnu fa peruo-
Ha HeT aJleKBaTHOI KaIMOPOBKM, 9KOCOLMAIbHbIE T'PYIIbl BHU-
OB HEOOXOAMMO 3aHOBO OILPERENUTH [/Is1 MHANBUAYAIbHOI MC-
cleyemMorlt Tepputopun. B zaHHOM crydae HEOOXOAMMO Ha MecTe
IPOBECTH MCC/IEHOBAHVE PACTUTEIBHOCTH U aOMOTUIEeCKUX (Dak-
TOPOB TEPPUTOPUN C Lie/IbIO OIIpefe/eH st GOPM PacTUTENbHOCTH
7 abMOTHYeCKIe YCTIOBIS yYacTKa, Ha KOTOPbIE OHM YKa3bIBAIOT.

Bornee Toro, akryanbHble Boi6pocsl III' HekoTOpbIX HOPM pacTu-
TE€IBHOCTU B TOp(l)HHI/II(aX MOTYT TaKXX€ pa3jinvdaTrbCsa B pa3HbIX
MAaKpOKIMMATNIECKNX 30HAX. AKTyaHbeIe 3HAYCHUA BI)I6POCOB,
IIpeACTaBI€HHbIE B JAHHOM MCCI€JOBaHN, /'.Ief/’[CTByIOT 1A €BPO-
IeJICKOr0 YMEPEHHOro mosica. VIX Takxe HeoOXofuMo Kanubpo-
BaTh /1A IPYTUX PeTMoHOB. bonee



The methodological approach presented here is ready to be applied
in all peatlands of Middle- and Eastern Europe. When applying
the concept, it has to be taken into account that composition and
indicative value of an eco-sociological species group may vary
between climate regions. For the middle European lowlands from
east Germany to eastern Poland this calibration is already done,
for eastern Europe it is currently under development. For other
regions, the eco-sociological species groups have to be defined
anew. In this case, surveys on vegetation and abiotic site factors
have to be carried out in the field in order to identify ,vegetation
forms‘ and the abiotic site conditions they indicate.

Moreover, the actual GHG emissions of certain ,vegetation forms’
in peatlands may differ as well between climate regions. The actual
emission values presented in this study are valid for temperate Europe.

In summary, using presence and absence of eco-sociological
species groups, it is possible to define ,vegetation forms‘ clearly
representing the abiotic site conditions relevant for vegetation
(see Figure 2). These ,vegetation forms® constitute a proxy for
water tables in the peatlands, which in turn are correlated to GHG
emissions of the site — as detailed in the following chapter. Thus,
by mapping ,vegetation forms’, indirect information on the GHG
emissions of the peatland can be retrieved.

Greenhouse Gas Emission Site Types
(GEST)

The interpretation of long-time observation of gas fluxes in
peatlands in Central Europe has shown that in peatlands especially
the emissions of CO, and CH, significantly correlate with water level
classes respectively with the mean water level (Couwenberg et al.
2008)

As shown here, vegetation is a good indicator (proxy) for this
parameter. This is the prerequisite for an efficient field mapping
tool for indirect assessment of emissions of peatland sites.

Table 3 shows typical emissions (the so-called Global Warming
Potential GWP) measured in different peatlands at different water
levels (Couwenberg et al. 2008). Recent surveys (Couwenberg
2009a) have identified additional driving factors in the emission of
GHGsbesides the water level, particularly for emissions of methane.
Some plant species have adapted to the extreme site conditions of
peatlands with a porous tissue (aerenchym) for transport of gases
from and to the rhizosphere (so-called shunt species, Couwenberg
et al. 2008). With the aerenchym, primarily oxygen is transported
from the leaves to the roots of the plant. In the other direction
methane from the adjacent anaerobe surroundings of the roots
is transported directly to the atmosphere. The GEST-approach
therefore regards, next to the water level, also the presence of
,shunt species’, as they tend to increase methane emissions of the
site. Table 2 shows that wet sites tend to emit CH, whereas dry ones
tend to emit CO,.

8

TOr0, OHM KOHCUCTEHTHDI INIIDb BHYTPU BBIMIECTOAIINX KJIACCOB
TAaK HA3bIBACMbIX BETC€TAIMOHHBIX €OIMHUII, TAKUX, KAaK JI€Ca, HE-
TPOHYTBIE OTKPBITbIE IPOCTPAHCTBA, Tyra U T.I. (TaK Ha3bIBaeMble
¢dopmanmonHble kmaccel, sensu Koska et al. 2001). Sxomornye-
CKasa HUIIA BMUIOB 3a IIpefeaaMm 3TUX PETMOHOB 9aCTO MEHAET-
ca (Koska 2001).

Takym 006pa3oM, TpaHMIbl PACIPOCTPAHEHUS IKOCOLMATBHBIX
TPYII BUAOB OZHOBPEMEHHO IPEACTABIAIOT COOOM pasamdns
MEeXy STUMU Y4aCTKaMI, BIVIONINE Ha X PACTUTEIbHOCTD.

TaKI/IM o6pa30M, CTAaHOBUTCA BO3MOXXHbBIM OHpeﬂeHI/ITb II0 Ha/MNn-
YU NIn OTCYTCTBI/IIO 3KOCOMaIbHBIX prHH BUOB Cl)OpMI)I pac—
TUTE/IbHOCTU TAKUM 06pa30M, ‘—ITO6I)I OHM TOYHO MOIJIN OIIMNCATh
XapaKTEPUCTUKI 9TOTO yYaCcTKa, MMELIVe OTHOIIEHVE K PaCTH-
TenbHOCTH (pIC. 2).

Tunbl TeppuTopmKn NO Bbibpocam nap-
HMKoOBbIX razos (GEST)

AHanus JONroNeTHNUX M3MePEeHNIT BBIOPOCOB Ta3a B LIEHTPA/IbHO-
eBpOIeNCKMX 60/I0TaX YeTKO YKa3bIBAET Ha TO, YTO B IEPBYIO OYe-
pens Bei6pocsr CO, u CH, 3 60710T CTPOT0 KOPPENUpyOT C OIpe-
AE€I€HHbBIMI ITapaMe€TpaMM Y4YacTKa, B OCO6eHHOCTI/I C BOJHBIM
KJIACCOM WI/IU CPEJHUM YPOBHeM Bofsl (Tab. 2).

Kak Mbl BMAMM, BereTaloHHbIe (OPMbI IPEACTABIAIT COOOI
XOPOIINii MHAMKATOP [JIl 3TOTO Mapamerpa. [Ia 3Toro Hy>kHa
CIIOCOOHOCTD 1 YMEHMe [iellaThb BbIBOJbI 13 KOCBEHHBIX KOMMYe-
CTBEHHBIX ITOKa3aTelleil SMUCCHOHHBIX XapaKTepUCTUK 6OIOT IO-
cpencTBOM KapTorpadupoBaHus GOpM pacTUTENTbHOCTH.

Tabnuna 3 ykasslBaeT Ha TUIMYHbIE SMUCCHOHHBIE XapaKTepu-
cruku (ITorennuan rmobanproro nmoremnexus I1I'TI) pasnuaHbix
BOJHBIX K/IaCCOB, I/I3MepeHHbIe Ha pa3HI/I‘{HbIX 6OHOTHI)IX y‘—IaCT-
kax (Couwenberg et al. 2008). Hosbie nccregoBanms (Couwenberg
2009a) BBIABMIN, IIOMMMO BOJHOTO KjIacca, ellje OfUH cbaKTop,
CYILLIeCTBEHHO BIMAIOLINIL Ha BBIOPOCHI, B IEPBYI0 OYepesib MeTa-
Ha. HekoTopsle BUAIbI pacTeHMIT afalITUPOBATIICD K SKCTPEMAIb-
HBIM 6OJIOTHBIM YCTIOBUAM IIPY IIOMOILY BbIPa)KEeHHOI 9PEHXMMBbI
(«mo6ounble BuAb», Couwenberg et al. 2008). Takne TkaHU B Iep-
BYI0 O4Y€pefib CIy>KaT [JIsI IIEPEHOCA KUCIOPOAa OT TUCThEB K KOp-
HAM. A B 06paTHOM HallpaB/eHUN Yepe3 IPEHXMMbI TPAHCIIOPTHU-
pyeTcsi u3 aHaIpPOOHOI KOPHEBOIT 30HBI Ha IIOBEPXHOCTb METAH.
ITostomy metogoM GEST 0co6eHHO yYUTBIBAETCS B JOIOMTHEHNE
K BO,[[HOMY KHaCCy ¥ Hann4me «HO60‘-IHI)IX BUOOB», TAK KaK OHIN
CKJIOHHBI K HOBI)IH_ICHHOMY BbIJEC/ICHNIO ME€TaHa. M3 Hp]/IBeHeHHbIX
B Tab. 2 Tunos GEST BUIHO, 4TO B/Ia)KHbIE YYaCTKM OO/IbIIE BbI-
6paceisator CH,, a cyxue - CO,.



Table 2: Greenhouse gas emissions and GWP of different Vegetation types in t CO,-eq. ha''a” (after Couwenberg et al. 2008)
Tab. 2: BriGpocs! MM 1 M1 pagnnyHbix BereTauoHHbix Tvno., B T CO,-eq. ra''a™ (no Couwenberg et al. 2008)

WL class /

Vegetation type / BereTauvoHHbI Tun BOZHbI KNACC

) co, GWP

Flooded tall & short reeds / 3aTonneHHbIN BbICOKUIA N HU3KUIA
TPOCTHUK

Chara-Phragmites-reeds / xapa-BogopoCcn-TpOCTHUK 6+ 1 <0 (+/-0) 1

Sphagnum-Carex-marsh / ccharHym-ocoka-Tonb

Wet short & tall sedge marshes & reeds with moos layer / BnaxHbie
BbICOKO- U HUISKOOCOKOBbI€ TONMU U TPOCTHUK CO CJZI0OEM MXa

Sphagnum-Carex limosa-marsh / ccparHoso-Carex limosa-tonu
Sphagnum-Carex-Eriophorum-marsh / ccharHym-Carex-Eriophorum-tonu
Drepanocladus-Carex-marsh / Drepanocladus-Carex-tonu
5+ 12,5 <0 (+/-0) 12,5
Scorpidium-Eleocharis-marsh / Scorpidium-Eleocharis-tonn
Sphagnum-Juncus effusus-marsh / cpartym-Juncus effusus-tonu

Equisetum-reeds / Equisetum-TpocTHUK

Scorpidium-Cladium-reeds / Scorpidium-Cladium-TpocTHuk

Wet tall reeds / BnakHbii BbICOKMIA TPOCTHUK

Sphagnum-Phragmites-reeds / Sphagnum-Phragmites-TpocTHrk

Solano-Phragmitetum / Solano-Phragmitetum 5+ 10 <0 (+/-0) 10
Rorippa-Typha-Phragmites-reeds / Rorippa-Typha-Phragmites-TpocTHuk

Bidens-Glyceria-reeds / Bidens-Glyceria-TpocTHMK

Wet peat moss lawn / Bna)xHbI#i ccharHoBbIi KOBEp

Red or green Sphagnum lawn (optimal) / KkpacHbIn nnn 3eneHbIn 5+ 5 -2 3
charHoBbI KoBep (ONTUMasbHO)

Wet peat moss hollow / BnaxHble ccharHoBble MOYaXKUHbI
5+ 10 -2 8
Green Sphagnum hollow / 3eneHasi cdharHoBasi Mo4aXKMHa

Wet Polytrichum lawn / BnaxkHbin Polytrichum koBep
5+ 2 <0 2
Polytrichum-lawn / Polytrichum koBep

Very moist meadows, forbs & tall reeds / oueHb BnaxkHble nyra,
KYCTapHUK U BbICOKUIA TPOCTHUK

Carex-Cirsium oleraceum-meadow / Carex-Cirsium oleraceum-nyr 4+ 3 8 "

Caltha-Filipendula-forbs / Caltha-Filipendula-kycTapHuk

Very moist bog heath / oueHb BnaXkHblii 60N0THbIN BEPECK 4+ 0,5 9 9,5

Moist bog heath / BnaxkHbIi 60N10THBIN BEPECK 3+ 0 13 13

Moist bare peat / Bna)kHbili 06GHaXxeHHbIN Topd 3+ 0 10 10
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Table 3: Global Warming Potential (GWP) in t CO,-eq. ha'' a™ of peatland sites with different water level classes (Couwenberg et al. 2008)
Tab. 3: MNoTeHuyan rnobansHoro noteneHya (M) 6010T B pasnmyHbIX BOAHbIX Knaccax, B T CO,-eq. ra™ a” (Couwenberg et al. 2008)

90% probability / BepoaTHOCTb 70% probability / BepoaTHOCTb
Water level class GWP higher than GWP lower than GWP higher than GWP lower than
Knacc ypoBHS Boabl Mrn 6onbLe Mrn Huxe Mrn éonbwe Nrn Huxe
2+ 20 25 23 25
3+/2+, 3+, 4+/3+ 8 22 10 18
4+ 5 12 6 10
5+ -5 18 -2 8

Need for research and development

The GEST-approach in general needs further substantiation by field
measurements of gas fluxes. For many vegetation types the GWP is
just estimated, based on their similarity to other vegetation types
(Couwenberg et al. 2008). In other cases the number of empirical
data on their emission characteristics is very low.

Regarding the open questions in N,O-emission characteristics of
peatlands, further research is necessary as well. Both the driving
force that controls the amount of nitrous oxide emissions and a
way to quantify these emissions have to be identified.

The methodological approach presented here is ready to be
applied in all peatlands of Middle- and Eastern Europe, following
regional calibrations, and after further adaptations even globally.
As mentioned before, eco-sociological species groups just have
regional validity, e.g. for the north-eastern German lowlands. If
an adequate calibration is missing, they have to be defined anew
for the individual survey area. In this case, surveys on vegetation
and abiotic site factors in the field have to be carried out in order
to identify ,vegetation forms‘ and the abiotic site conditions they
indicate.

Moreover, calibrations of actual GHG emissions of peatland
vegetation forms‘ are needed for regions beyond temperate
Europe. This would enable a wide application of the methodology
of estimating GHG emissions from peatlands presented in this
study.
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[MoTpebHOCTb B ganbHEnLWmnX nccne-
O0BaHMAX 1 padpaboTkax

B menom konmenumsa GEST HyxjpaeTcs B maabHeiIIeM yTOd-
HeHMM IIpY IIOMOIIM VI3MepeHUII ra30BbIX ITOTOKOB. Il Heko-
TOPbIX BereTalMOHHBIX THUIOB cooTBeTcTByomuil IITTI owue-
HIUBAETCs] Ha OCHOBE M3MEPEHNII BBIOPOCOB rasa Ha CXOXMNX
BeretarmoHHbIX eguunnax (Couwenberg et al. 2008). B gpyrux
CIrydasx KOJIMYeCTBO M3MepeHuit, nexamux B ocHoBe GEST eme
O4YeHb HE3HAYUTEBHO.

HeobxopmMpl Tak)Xe AajapHENIINe UCCIEKOBAHMS 10 OTKPBITHIM
BompocaM BeI6pocos N,O, KoToprie 651 O6BACHUIN, OT YeTO KOH-
KPETHO 3aBUCUT KONMMYECTBO BbimeneHuti sakucu N, O u Kak ux
KOJIMYEeCTBEHHO BBIPA3UTh.

IlpencraBieHHass HAMM METOJO/MOTMSI MOXET OBITh IIPUMEHN-
Ma B 1eoM Aist Bcex 6omor Lentpanpuoit u Bocrounoit Espo-
1Bl U 3a ee mpefenamu. Ho 1y sToro Heo6xonyMa peruoHanbHast
KOPPEKTMPOBKa.

Kaxk 65110 CKa3aHO BbIIlIE, SKOCOL[MA/TbHbIE TPYIIIBL BUJOB MMe-
0T JIVIIb PErMOHATBHYI0 IIPUBSI3aHHOCTD, HAIIPUMEP, K CEBEPO-
TepPMaHCKOJ HM3MEHHOCTH. TaM, Ile OTCYTCTBYET COOTBETCTBY-
omas KannbpoBka, HEOOXOAVMO ee 3aHOBO OIPENeIUTb IIOf
KOHKPEeTHBI MccnefyeMblil paitoH. IIoMrMo 3TOro Heo6XoxuMo
CKOMOMHMPOBATh CHEMKY PACTUTENIBHOCTY Ha MeCTe C COOTBET-
CTBYIOIIVMMU ITapaMeTpaMy oO0bekTa. To ke camoe KacaeTcs U Be-
TeTALMOHHBIX QOPM.

V1, HakoHel], HEOOXO[UMO KanmnOpPUPOBATh TAKXKe IMMCCUOHHBIE
XapaKTePUCTUKY OOIOT B 3aBUCUMOCTY OT MAKPOK/INMATIIeCKOI
30HBI.



Case study Zehlau peatland

In the frame of the project,100 years Zehlau - climate relevance of a
bog in Kaliningrad region, Russian Federation‘ an assessment of its
present relevance for climate and recommendations for the future
management of the peatland in order to minimize greenhouse gas
emissions were envisaged.

With an area of 2 600 ha the Zehlau peatland is one of the largest
peatlands in the Kaliningrad regeion. The bog was designated as
natural monument 100 years ago and was one of the earliest protected
peatlands in Europe. However, the ecosystem has suffered from
anthropogenic pressure since that time. In the beginning of the past
century an active drainage system still crossed the surface of the
peatland. In the meantime the drainage channels have been filled up
completely and the drainage of the area has (almost) ceased. After
world war II the Russian army installed a military training area at
the margin of the peatland. Parts of the peatland itself were used as
target area for military training. Moreover, several fires raged through
the peatland. During the latest in 2002, approximately 80% of the
peatland area were affected.

Already 1929, Gams & Ruoff published a comprehensive study on
the bog and its characteristics. In addition to the vegetation, they
also explored the peat deposits. The study gives not only detailed
data and maps on the vegetation in this time but also representative
cross sections through the stratigraphy of the peatland.

In July 2010, a survey on vegetation and climate relevance was
conducted in the Zehlau peatland. Along ten transects in North-
South direction, and at intervals of approx. 500 m, ,vegetation
forms® were mapped. The cover of dominant species as well as
the micro-relief of the surface (distribution of hummocks and
hollows, cover of open peat soil and muddy hollows) were mapped.
The resulting map of ,vegetation forms* (Figure 3), by assigning
characteristic CH, and CO, emissions, enabled an estimation of
the emission characteristics of different subareas of the peatland. It
has to be taken into account here, that in the frame of the project,
a regional calibration of ,vegetation forms® was not feasible. Data
from north-eastern Germany were used as an approximation.
Using the GEST-approach, the climate relevance of the whole
Zehlau peatland complex was estimated.

Table 4 shows the mapped ,vegetation forms‘ and their assigned
emission characteristics. On the sites covered by three of
the ,vegetation forms’, the rate of CO, sequestration by peat
accumulation exceeds the emission of CO, during decomposition
(plant respiration, decomposition of dead plant tissues). Though
they act as a CO,-sink, in relation to total climate relevance this
effect is overcompensated by emissions of CH, at the sites. In total,
all of the assessed ,vegetation forms® have a positive GWP, although
on different levels of magnitude.

Altogether, the Zehlau peatland in its present condition emits
roughly 23000 t CO,-equivalents per year.

NMpumep 6onoTa Llenay

B pamxax npoekra «100-netue Ilenay — xammarudeckas 3sHauu-
MOCTb BepxoBoro 6onora 8 Kanmmunurpanckoit obmactu, Poccusi»
Obl/Ta OCTaB/IeHa Lie/lb — MCCIeOBATh aKTyaJlbHYI0 KIMMaTude-
CKYI0 3HaYMMOCTb 6ojoTa Llemay u paspaboTaTs peKOMeHAALNN
/151 Oyy1ero yIpaByIeHus C LeIblo CHIDKeH st BBropocos I1T.

ITnomaznsio oxoso 2 600 ra, 6onoro Llenay siBisieTcst ORHNUM U3 ca-
MbIX KpyIHbIX B Kannuunrpazckoit obnactu. 9to Bepxosoe 6o-
JIOTO CTano oxpaHAeMon tepputopuy 100 nmeT Hasajy M IOSTOMY
ABJIAETCA OGHMM M3 cTapeiimux B EBpomne oxpansemsix 6omot. K
HaYasIy MPOIITIOTo BeKa 60/IoTa mepecekaso MHOXECTBO OCYIIN-
TETIbHBIX KaHaB. Termepp OHM y>Ke IOTHOCTBIO 3aChINAHBI, II03TO-
MY 3Ty TEPPUTOPMIO MOXXHO Ha3BaTh (104TH) HeocyureHHOIL. Ilo-
ce Bropoit MypoBoit BOJTHBI COBETCKON apMIell Ha Kpato 6omora
ObII CO3aH IO/NUTOH, ¥ IIPU 3TOM HEKOTOpPble YYacTKM 00I0Ta
CIIYXXWIN MULIEHBIO 11 o6cTpena. Kpome Toro, Ha 60o/mote Heop-
HOKPAaTHO BO3HMKA/IM IIOXKapbl. Bo BpeMs mociegHero moxxapa B
2002 rogy moctpagano okono 80% teppuropun 6omora. CerogHs
6omnbias yacTb 6070Ta lles1ay COOTBETCTBEHHO AerpajupoBaHa.

Eme B 1929 rony Gams & Ruoff ony61ukosanu obumpHoe nccre-
roBaHye 06 3ToM 60o7oTe. [IOMIMO PaCcTUTETBPHOCTH, OHM MCCIIE-
[OBa/IM TaKXe M OTIOXKeHMs Topda. Takum obpasom, Ha Cerop-
HAITHUNI OE€Hb MMEKTCA HE€ TO/TIbKO HO,T_IpO6HbIe BereTalMIOHHbIC
MaHHbIC 11 KAaPpThl T€X BPEMEH, HO TaKXX€E€ I I/[H(l)OpMaTI/IBHbIe IIpo-
¢dubHbIe pa3pesbl 6omoTa.

B nione 2010 r. BBUAY ee KIMMATIYeCKON 3HAYMMOCTH Obla JC-
CIefloBaHa pacTUTENbHOCTH 6osoTa Llemay. Bouto mposeneHo kap-
THpoBaHMe GOPM PaCTUTENILHOCTH BJONb 10 CeBepO-I0XKHbBIX OT-
Pe3KoB Ha paccTosHuu okono 500 M gpyr ot fipyra. B aToii cBA3U
ObIIN 3aperNCTPUPOBAHBI TPe0O/IafAOLIIe BU/IBL U VX IIOKPBITIE,
a TaKyKe CyllleCTBeHHbIE 60/IOTHbBIE CTPYKTYPbI (KOMIIIEKCHI KOUeK
n HOHI/I}KCHI/H‘/‘[, JonAa CBO6OI[HI)IX OT PACTUTETIBHOCTN TEPPUTO-
puit/Mo4akuHel). B pesynbprare nmonyumnace Kapra ¢popm pacTu-
tenbHOCTH 60710Ta Lenay (puc. 3), npefcraBisomas pacnpeserne-
HJE€ Ha IIOBEPXHOCTU XAPAKTEPUCTUK MECTHOCTY, PEIE€BAHTHDBIX
IL/Is1 pacTeHMit. DTO B CBOIO OUepe/ib fe/laeT BO3MOXKHBIM OIIpefie-
JINTD pa3fenbl MEXAY SMUCCYMOHHBIMU XapaKTEPUCTUKAMU 60HO—
Ta. 3aperucTpUpOBaHHBIM GOpPMAM PaCTUTEIBHOCTY OBUIN HpPU-
IMCaHbl MX OCOOEHHBIE XapaKTepUCTUKM 10 Bbi6pocam CH, u
CO,. 3mecp HeOOXONMMO YINUTHIBATD, YTO B PAMKAX JaHHOTO IIPO-
eKxTa ObIIO Hele/1ecOOOpasHBIM IIPOBEAEHIE PErMOHATbHON Ka-
mubpoBKy GOPM PaCTUTENTBHOCTH. VICIIONB30BaMNCh B KaueCTBE
IprOIMKEeHHOI BeTMYIHBI JAHHbIE [I0 CEBEPO-BOCTOYHOII ['epma-
Hun Takum obpasom, meropmka GEST - (tumer Tepputopuii mo
Bpibpocam III') m03BO/IsIET IIPOBOAUTD OLIEHKY KIMMATHYECKOI
3HAYMMOCTH BCeli TeppuTopun 60mora.

Tabmuia 4 moka3pIBaeT 3aperucTpUpOBaHHbIE GOPMBI PACTUTE/Ib-
HOCTY C X COOTBETCTBYIOIIVMMM IMUCCUOHHBIMI XapaKTEPUCTN-
Kamu. Bcero 3 Gopmbl pacTUTEIPHOCTI MMEIOT OTPUILIATE/IbHBIE
sHayeHus BpI6pocoB CO,. DTo 0O3HAYaeT, YTO HA ITUX YYACT-
kax cekBecTp CO, mpepbimaer 61arofgapsa HakomleHNIo Topda
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I Blanken

Mineralbodeninsel
Vegetationsformen

787 Wollgras-Kiefern-Gehdlz

4 | Wollgras-Birken-Geholz

| 5 | Waldkiefern-Torfmoos-Rasen

116 Torfmoos-Kleinwasserschlauch-Schilf-Ried

|7 | Gruner Wollgras-Torfmoos-Rasen

| 8 | Grine Torfmoos-Schlenke

9 | Griine Torfmoos-Schlenke Flark-Komplex

6l Bunter Torfmoos-Rasen 0 500 1000 1500 2000 Meter

Figure 3: Recent (2010) distribution of ‘Vegetation forms’ in Zehlau peatland. 1: open water, 2 mineral soil; Vegetation forms: 3 Eriophorum-Pinus-
wood, 4 Eriophorum-Betula-wood, 5 Pinus-Sphagnum-lawn, 6 Sphagnum-Utricularia-Phragmites-reed, 7 green Eriophorum-Sphagnum-lawn, 8 green
Sphagnum-hollow, 9 green Sphagnum-hollow with flark complex, 10 red sphagnum-lawn

Puc. 3: AktyaneHas (2010) kapTa dhopm pactutensHocTy 6onoTa Llenay. 1 03epua, 2 ocTpoBa ¢ MUHepasibHOM No4sor, GopmMbl pacTUTENBHOCTY:

3 NyLLMLLEBO-COCHOBbIN Nec, 4 nyLunLeBo-6epesoBsbI Iec, 5 COCHOBO-CarHoBbIN KoBep, 6 charHoBO-My3blpHaTKa-0CoKa-TPOCTHWIK, 7 3eM1eHbI
MYLLUMLEBO-MOYXKMHHBIN, 8 3e/1eHbI CHarHOBO-MOYaXKMHHBIN, 9 3e/1eHbI CharHOBO-MOYaXKMHHBIN Flark-komnnekc, 10 necTpbii charHOBbIN KOBEP
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Table 4: Vegetation forms‘ oft he Zehlau-peatland (Assesment in July 2010) with corresponding Global Warming Potential (GWP) and total
Greenhouse gas emissions in t ha™y" CO,-equivalents (values after Couwenberg et al 2008). 5a Pinus-Sphagnum-lawn, 5b Pinus-Sphag-
num-lawn with bear peat hollows, 4 Eriophorum-Betula-wood, 8 green Sphagnum-hollow, 9 green Sphagnum-hollow with Flark complex, 3
Eriophorum-Pinus-wood, 6 Sphagnum-Utricularia-Phragmites-reed, 7 green Eriophorum-Sphagnum-lawn, 10 red Sphagnum lawn

Tab. 4: Dopmbl pacTuTensHocTu 6onota Llenay (coctasneHo B none 2010) ¢ cooteeTcTBYtowwmM M (GWP) Beibpocamum Il 5a & 5b cocHoBo-
carHoBbIv KoBep, 4 NyLWNLEBO-6epe30BbIV 1IeC, 8 3eneHbIN charHOBO-MOYa>KMHHDBIN, 9 3eneHbI charHOBO-MoYakMHHbIN Flark-komnneke, 3
NyLUNLIEBO-COCHOBBIN Nec, 6 ccharHOBO-My3blpYaTKa-0COKA-TPOCTHWK, 7 3€MeHbIV NyLUNLEBO-MOYaXXMHHBIN, 10 NecTpbiii carHOBbLIN KOBEP

. CH, (t ha'a™ CO, (tha'a™ GWP (t ha'a Emission (t a™
Vegetation form WL class Areaha CO,-Equ) C0,-Equ) CO,-Equ.) CO,-Equ.)
3 Wollgras-Kiefern-Gehdlz 4+ 154,2 0,5 9 9,5 1.465
4 Wollgras-Birken-Gehdlz 4+ 691,3 0,5 9 9,5 6.567
5a Waldkiefern-Torfmoos-Rasen 4+ 849,5 0,5 9 9,5 8.070
5b Waldkiefern-Torfmoos-Rasen 54/44+ 153.9 2 5 7 1077
m. Schlammschlenken
6 Torfmoos-Kleinwasserschlauch-

Schilf-Ried (Lagg) 6+/5+ 140 1 0 1 140
7 Griner Wollgras-Torfmoos-Rasen 5+ 5,9 5 -2 3 18

8 Griine Torfmoos-Schlenke 5+ 501,8 10 -2 8 4.014
9 Griine Torfmoos-Schlenke — Flark 5+ 185,1 10 -2 8 1.481
10 Bunter Torfmoos-Rasen 5+ 0,4 5 -2 3 1
Sum 2677,6 22.833

This characteristic emission regime is owing to the substantial
disturbance of the peatland, e.g., by the frequent fires caused by
visitors especially in dry years. Stimulated by that, large areas of
the peatland are covered by ,vegetation forms® with high CO,-
emission characteristics, e.g. the Pinus silvestris-Sphagnum lawn
and the Eriophorum-Betula-grove, both having a GWP of 9.5
t ha' y' CO,-equivalents. Although pristine peatlands can show
weak net-emission characteristics of CO,-equivalents, the recent
values for the Zehlau peatland are significantly higher than those
of pristine peatlands of comparable type (GWP <0 to 3 t ha' y*
CO,-equivalents).

Based on these results, the question arises, how a suitable
management of the peatland in future may influence the emission
characteristics and reduce the current emissions. For that reason
a management scenario aiming at minimizing emissions is
compared with the continuation of the status quo and with a
scenario of further degradation.

The management scenario aiming at minimizing emissions
assumes an undisturbed development of the peatland in future and
models the corresponding changes in GHG-emissions. Thatimplies
a management of the peatland that would have to prevent any
drainage measures, consequently any fires, and any mechanically

soigenenne CO, 13-3a PasIMYHBIX MPOLECCOB PA3IOKEHNUA (Ibl-
XaHUsA PACTeHMI, Pa3/IOKEHME OTMEPIIMX JacTell PacTEeHUN U
1.1.). OHaKo Ha 3TUX y4yacTKax 6omor ymasmmBanue CO, upes-
MepPHO KOMIEHCUPYeTCs OBOMbHO Gonpummu Bhibpocamu CH,,
TaK YTO UTOroBblii pesynbrar 1o III'TI ABngercs momoXxurenn-
HbIM. Takoxe 1 Bce Apyrue GopMbl paCTUTENLHOCTU MMEIOT II0JIO-
xurenbHoe sHadenue I1TTI, XoTsa u B pa3snu4HOI CTeNEHN.

B nTore MO>XHO KOHCTaTUPOBATh, 4TO 6010TO Llenay B HacTosIIee
BpeMA BhIOpachiBaeT exxerofHo moury 23 000 T CO,-sKBUBajIEHTa.
OTO COOTBETCTBYET CPEIHUM €XErOLHBIM BbIOpocaM 0komo 2050
poccuitckux >kmreseit (BBIOPOCHI Ha [AyLIY IO COCTOSHMIO Ha
2007 r. 11,2 T a* CO,-axBuBanenta; http://de.wikipedia.org/wiki/
Landerliste_CO,-Emission)

TaKI/Ie OMUCCNOHHBIC XapaKTepI/ICTI/IKI/I ABIAKTCA CIeOCTBUEM
3HAYNMTENTbHOI HAPYIIEHHOCTH 60/I0Ta, B Y4CTHOCTHU HEOHOKPAT-
HBIX [OXXapoB B mpounutoM. C Tex IOp Ha OOIIMPHBIX y4acTKax
6omora npeobnagarT GOPMBI PACTUTEIBHOCTH, aCCOLUMPYEMbIe
C BBICOKMMIU BBIOpOCAMMU CO,. K HuM npuHaIEeXUT My MUIIEBO-
6epe30Bblil KyCTAPHUK ¥ COCHOBO-C(HArHOBbIE IIYCTOLIN, KaX/[bLit
¢ mokasarenem IIITI B 9,5 T ha'a’ CO,-sxBuBanenra. OnHako u
pactyugue 60/10Ta MOTYT MMETb C/1abbIl IIOTIOKUTENbHBLI GaTaHc
BpI6pocos CO,-skBuBanenTa. Ho akTyanpHble BHIOpOCH 60mOTa
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disturbances of the peatland surface, e.g. by intruding with
motorized vehicles or use as a military training area.

For this scenario it can be assumed that the peatland vegetation
will regenerate to a great extent within a few decades. This will
be connected with a shift of vegetation forms (also of the site
conditions). In particular the green peat moss lawn will extend into
areas now covered by the Pinus-Sphagnum-lawn. Table 5 shows a
forecast on the potential future ‘vegetation form’ distribution after
complete regeneration of the peatland.

Ilerray HAMHOTO BbIIlle, 4YeM y PacTYINX (=HEeHapYLIEHHBIX) 60/IOT
cxopnoro tuna (IIT'TI <0 go 3 T ha' a*! COZ-SKBI/IBaHeHTa). B Ha-
cTosllee BpeMs 3TO 60/I0Ta OKa3bIBaeT CYIeCTBEHHOE HeraTMBHOE
BO3IeIICTBIE HA K/IMMaT.

Tenepb BO3HMKaeT BONPOC, KaK HOBIUAOT B OyAyleM IPUPORO-
OXpaHHbIe MepPbl Ha 9MICCUOHHbIE XapaKTepucTuku 6omnora. ITo-
MMMO OLIEHK] aKTya/IbHOI K/IMMaTHN4eCKOil 3Ha4MMOCTU 6omora
Ilemay 6bI1M pacCMOTPEHBI 1BA CLIEHAPU .

Table 5: ‘Vegetation forms’ of the Zehlau peatland after complete regeneration with corresponding Global Warming Potential (GWP) and total
greenhouse gas emissions (values after Couwenberg et al. 2008). 5 Pinus-Sphagnum-lawn, 8 green Sphagnum-hollow, 9 green Sphagnum-
hollow with Flark complex, 3 Eriophorum-Pinus-wood, 6 Sphagnum-Utricularia-Phragmites-reed, 7 green Eriophorum-Sphagnum-lawn, 10 red

Sphagnum lawn

Tab. 5: Dopmbl pacTuTensHocTu 6onota Llenay nocne nonHow pereHepaumm ¢ cootsetcTaytowwmm MM (GWP) Bei6pocamu M. 5 cocHoBo-
charHoBbI KoBep, 8 3eNeHbIi charHOBO-MOYaXKMHHBIN, 9 3eNeHbl ccharHoBO-MOYaXXMHHbIN Flark-komnnekc, 3 nyLumLeBo-coCHOBbLIV Nec, 6
charHoBo-MNy3blpYaTKa-0CoOKa-TPOCTHUK, 7 3eNeHbI NyLUMLEBO-MOYaXXUHHBIN, 10 NecTpbI carHoBbIN KOBEP

. CH, (t ha'a™ CO, (t ha''a™ GWP (t ha'a™ Emission (t a™
Vegetation form WL class Area ha CO,-Equ.) c0,-Equ.) CO,-Equ.) CO,-Equ.)
3 Wollgras-Kiefern-Geholz 5+/4+ 922,5 0,5 3 3,5 3.229
5 Waldkiefern-Torfmoos-Rasen 5+ 422,5 0,5 3 3,5 1.479
6 Torfmoos-Kleinwasserschlauch-

Schilf-Ried (Lagg) 6+/5+ 140 1 0 1 140
7 Griner Wollgras-Torfmoos-Rasen 5+ 505,3 5 -2 3 1.516
8 Griine Torfmoos-Schlenke 5+ 501,8 10 -2 8 4.014
9 Griine Torfmoos-Schlenke - Flark 5+ 185,1 10 -2 8 1.481
10 Bunter Torfmoos-Rasen 5+ 0,4 5 -2 3 1
Sum 2677,6 11.860

As aresult of the regeneration of the peat producing vegetation the
water storage ability of the peatland will improve which will lead
to a wetter peatland surface. The areas with low GWPs (up to 3.5 t
ha' y"' of CO,-equivalents) will enlarge from currently approx. 150
ha to nearly 2 000 ha. At the same time the areas which today show
high GWPs of 9.5 or 8 t ha' y' of CO,-equivalents (in total more
than 2 300 ha) will decrease, to less than 700 ha. It can be assumed
that the annual emission of the peatland will decrease about nearly
50% to approx. 12 000 t of CO,-equivalents.

A management scenario continuing the status quo assumes
an ongoing disturbance of the peatland leading to its complete
destruction, and models the corresponding GHG emissions. This
would apply if, e.g., the peatland would be drained for agriculture
or forestry, or for peat extraction for energetic or horticultural (peat
as substrate) purpose. Ongoing frequent fire events would finally
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B mepBOM clLieHapumm paccMaTpUBAJICH BOIPOC, KaK M3MEHSTCS
BoIOpocel I1IT" B ciyuae, ecnn 6071010 B OynyieM OyneT CTUXMIt-
HO pasBUBaThCsA. TO CTb, €C/IM IPEKPATATCSA MEPHI II0 OCYIIEHUIO,
OyIyT HellpecTaHHO IPeNOTBPALIATbCA HOXKaphl U OYAYT 3ampe-
meHo usnyeckoe paspyueHne 60IOTHON IOBEPXHOCTH, HATIPU-
MeEp, TPAaHCIIOPTOM MJIVT BOEHHBIMU YIECHUAMU.

PaccMarpuBast [JaHHOE PasBUTHE B JOITOCPOYHOIL IEPCIEKTIBE,
MOXXHO IIPEMIIONIOKUTD, YTO 3HAYNTEIBHOE BOCCTAHOB/IEHNE Pac-
TUTENBHOCTY 6OIOTA IPOU3ONET B TeYeHNE HECKOIBKIX AeCATH-
neTuit. ITo 6yeT CBA3aHO CO CMEHOIT GOpM pacTuTeNnbHOCTH (U,
COOTBETCTBEHHO, CBOICTB MecToobuTanmii). Ilpexpe Bcero, yBe-
JINYUTCA IJIOIIAOb 3€EHBIX HyHII/II_[eBO-CCpaI‘HOBI)IX KOMIIJICKCOB
M OTHOBPEMEHHO yMEHBIINTCS IJIOMafb, 3aHIMaeMasi COCHOBO-
charnoBbiMu KoMmirekcamy. Ha Tabmmia 5 mokasaHo pacmpe-
feneHye B 6yaymem GopM pacTUTENBHOCTY B CTydae IIOTHOTO



also lead to a total mineralization of the peat body by oxidative
decomposition. According to type and intensity of disturbance,
the time span till the complete mineralization of the peat body,
meaning the complete loss of the peatland, would vary between
decades and centuries. Thus, the potential emissions from the
whole peat body were taken into account here, regardless of the
concrete time frame.

According to the peat cadastre for the Kaliningrad region, the
total volume of peat in the Zehlau peatland amounts to 91 million
m® (Olenin 1952). This corresponds to a wet mass of approx. 100
million t (DIN 1055-2), of which 95% are water. Thus, a dry mass of
peat of 5 million t can be assumed, of which slightly to moderately
decomposed Sphagnum peat forms approximately 95%. The
remaining are alder carr and phragmites (reed) peats that can be
found at the base of the peat body (Gams & Ruoff 1929). A complete
destruction of the peatland would lead to the release of approx. 2.6
million t carbon mainly in the form of CO, (9.5 million t).

The models presented rely on the assumption that basic site
factors, e.g. ration of precipitation and evaporation, experience no
substantial changes in the future. They do not take into account
possible effects of climate change.

BOCCTAHOBJIEHMA 60/IOTa, IIOCTPOEHHOE C YYETOM COBPEMEHHOTO
UX pacIpeseNieH .

B pesynbrare BoccTaHOBIEHUs TOPGOOOpasyoleil pacTuTeb-
HOCTM YJIy4IIATCS. BOXOYAEP)KMBAIOLINE CBOICTBA 6O/IOTA U II0-
BEPXHOCTD €ro CTaHeT (ojee BIKHOI. [l TeppUTOPUIL C HU3-
kuM yremwuiomuM 3ddexkrom (r.H. GWP - Global Warming
Potential - o 3,5 T CO,-a3xBuBaneHTa Ha reKTap B rofi) AOMKHA
Bo3pacTu co 150 ra Ha cerogHsALIHMIT MOMeHT jo 2 000 ra B Oyny-
weM. B 10 5xe camoe BpeMsi IIOIa/ib TEPPUTOPUIL C BBICOKUM yTe-
nnsomuM spdexrom (8-9,5 T CO,-aKBMBaNEHTA HA TeKTap B IO
RO/DKHA CHUSUTBCA B0 700 ra. B o6meit cymMe mpeRnonoXnTeb-
Hble OLIEHKM JAI0T COKpAlleH)e TOXO0BOI IMUCCUN TTAPHIKOBBIX
rasos (B nepecuére Ha CO,) c moBepxHOCTHU 60/10Ta MOYTH Ha 50%
(12 000 T CO,-3KxBUBaTIEHTa B TON).

Bropoii cueHapuit paccMaTpuBAaeT, K KAKMM IIOCTIECTBUAM [IPU-
BefieT IIPOJO/DKEH e HapYIeHMsI 60/10Ta, BITIOTH A0 IIOJTHOTO Pas-
pytuenns ¢ Touky BoioOpocos I1T. 1o 651 ponsouIo, K HprMepy,
B CIy4ae OCyIIeHMst 60/I0Ta B Ce/IbCKOXO3SIICTBEHHBIX I JIECOXO-
3AJICTBEHHBIX Le/AX MM Bobbran Topda. IlocTossHHBIE TOXapbl
TaK)Ke IPUBENU OBl K MUHEpPAIU3aLMUU BCEro TOPQIHOro Cros,
T.e. IIOJTHOMY OKJC/IMTETbHOMY Pas/IoXeHN0. B saBucumoctu ot
po;qa VI UTHTEHCMBHOCTHM BMeUIAaTe/IbCTBA BpeMeHHbIe OTpe3KI/I oo
HOJIHOI TOTepU TOP(SIHOTO CI0S 3HAYUTEIBHO BAPbUPYIOTCS, U
IOTOMY MX TPYJAHO IPOrHO3MpoBaTh. [losToOMy npuHuMancsa Bo
BHIUMaHMe IOTEeHIMaI BEIOPOCOB CO2 NPV MMEIIMXCA 3amacax
tTopda Ha 6onore Llemay, 6e3 ydera BpeMEHHOTO acIeKTa TaKMUX
BBIOPOCOB. B 3aBMCHMOCTY OT MHTEHCUBHOCTY HapyIeHus 60/10-
Ta [I/I51 IIOJTHOV MMHEePANN3auuy TOpQsHOTO CI0s MOXeT (= HoJI-
HOE YHIYTOXKeHe 60/10Ta) MOXKeT IIOHAKOOUTHCS OT JECATKOB 10
COTEH JIET.

O61pem 6onota Llenay, cormacHo TopdsaHomy Kagactpy Kannunn-
rpajickoit o6mactu, coctapmser 91 mma m® (Olenin 1952). Jto co-
orBercTByeT Macce B 100 mnu T (DIN 1055-2), B KOTOPOI1 Comep-
JKaHMe BOABI COCTaB/seT OK. 95%. Takum obpasom ocraercs 5
MJIH T CyXO0I1 TOpSHOI MacChl, B KOTOPOil HEMHOTO UM yMepeH-
HO Pas/IoKMBIINIICSA charHoBblil TOpd cocTaBnsger 95%. [Tomumo
9TOTO, Ha IHe 6OJI0Ta 3aJIEraloT TAK>Ke IPEBECHO-TPOCTHUKOBBI
top¢ (Gams & Ruoff 1929). ITpu nonHoM yHU4TOXEeHUM 60I0TA 13
9TUX BUOB TOp(da BEICBOOOAUTCS IIPUMEPHO 2,6 MJIH T YIIEPOJa.
B ocrnosroM on 6yzet B popme CO, (ok. 9,5 M7H T).

O603HaYeHHbIe BBIILE MOJE/N IIPENIIOAATaI0T, YTO B IMPEABUIN-
MOM 6ynyu1eM He NIPOM3OMIET HUKAKUX TSXKKUX M3MEHEHUN B
K/IMMAaTN49eCKOM BOZHOM banaHce 60/10Ta, T.e. He IPOM30IIAET 3Ha-
YU TEe/IbHbIX MI3SMEHEHUI B COOTHOLIEHUN OCagKOB 1 I/ICHapeHI/IH.
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Summary

The GEST approach (Greenhouse Gas Emission Site Type)
presented in this brochure in principle enables the estimation of
climate relevance for peatlands or peatland complexes, by using
vegetation as an indicator (proxy) for emission characteristics.

Intact growing peatlands emit mainly methane (CH,), while
disturbed and degraded peatlands are strong sources of CO,.

Despite emitting methane intact peatlands do not only preserve
the carbon store accumulated over millennia in their peat body,
they also can be carbon-sinks if new peat is formed and the CO,
sequestration rate overcompensates the CH,-emissions.

Beside a general introduction of the GEST-approach also its
application in a case study in the Zehlau Peatland, Kaliningrad
Oblast is presented.

The results of the estimations and scenarios in the case study
clearly demonstrate that a consequent preservation of the peatland
would minimize its Global Warming Potential (GWP). Though
emissions, especially of methane, would still lead to a positive
GWP, it would be significantly lower than under the present
strongly degraded status quo of the peatland. Also a scenario of
a complete mineralization of the peat body, though without a
concrete time horizon, yields a significantly higher GWP than
that of consequent conservation of the peatland. Thus, active
conservation of peatlands can safeguard their ecosystem services
such as preservation of biodiversity and water storage, and can help
to mitigate climate change. The establishment of protected areas
and wetland management are suitable instruments for long-term
conservation and regeneration of peatlands.
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BbiBoabl

Ipepnaraemas meropnka GEST mias onenku Bei6pocos IIT' mpu
IIOMOIIN paCT]/ITeIIbHOCTI/I IIO3BOJIACT O€/IaTb BbIBOABI O KJIMMATIM-
YeCKOI 3HAaYMMOCTH BCETo 60I0Ta MIM KOMIIIEKCOB OOTIOT.

OueBUAHO, 9TO pacTyiiye 6010Ta B OCHOBHOM BBIJIE/SIIOT METaH
(CH,), a mapymeHHble 6070Ta ABMAIOTCA MOI[HBIM MCTOYHMKOM
Co,.

HecmoTps Ha BBIfje/ieHMe MeTaHa, pacTymue 60moTa ThICsAYerne-
TUSIMU He TOIBKO COLEPXKAT B CBOEM TOP(SHOM CI0€ aKKyMYy-
JIMPOBaHHbIE 3aIaChl YI/IEPOAA, HO OHN TAK)XKe MOTYT CIYXKUTD 1
JVI CEKBECTpa YIZIEPOJia 110 Mepe 06pasoBaHms HoBoro Topda 3a
Cc4yeT I/I36I)ITO‘—IHof/'I KOMIICHCAlIUU BI)I6pOCOB METaHa CBA3BIBAHU-
eM yrekucnoro rasa. Berbpocst CH, o6sogHeHHbBIX 60710T 6a3u-
PYIOTCA B OCHOBHOM Ha IPUCYTCTBUN ,HO60‘{HI)IX BI/IJIOB‘.

ITomumo obuero omucanust merogonoruu GEST, takxe mpep-
CTaBJIEHO €€ UCIIONb30BaHMe /I OLEHKI KIMMaTUIeCKOM 3HAYM-
moctu 6onota lenay B Kannuunrpapckoit obmactu.

Pe3yHbTaTbI TpeX COBMELICHHBIX paC‘{eTOB OOKa3bIBAaKT, YTO IIO-
ClIefjoBaTeIbHbIE MEPHI [0 OXpaHe 60/I0Ta MO3BONAIT MUHUMU-
3MpOBATh €ro BO3feiicTBue Ha KaumaT. OZHAKO, ero BbIOPOCHI
METaHa TaKXXe HpI/IBOHHT K OTpI/IHaTeTIbHI)IM IIOCNEeaCTBUAM IO/
kauMara. Ho Takue nocnefcTBust ropasio 6ojee He3HAYMTENbHBI,
4eM B CTy4ae COXpaHeHM st 60JI0TOM CBOEro HapyIIeHHOTO COCTOs-
Hus. TakoKe B crydae, eCy IPOU30I/ET NOMHASL MIHEPAIU3a LIS
Topda, ga>ke 63 KOHKPETHOTO IPOTHO3a BPEMEH N, MOXKHO IIpef-
HIOJIOXKUTBH, YTO OTPULIATETBHOE BO3[EIICTBIE Ha K/IMMAT ObI/I0 Obl
ropasfo 6ONbLINM, YeM B C/lydae HEBMEIIATENbCTBA B PA3BUTIE
6oora B OyayIeMm.
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