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ABSTRACT

Methane (Ch) the second most potent greenhouse gas in terms of contribution to global warming. Natural
sources of methane includes wetlaadd other freshwater ecosystems, oceans, natural gas seeps, biomass burning, and
termites. However, the contribution of other natural sources should not be underestimated. @otestiehsource is
wet forests, i.e., forests with soils under conditiohsonstant or temporary waterlogging. Unlike peatlands, forest
ecosystems exhibit greater diversity and variability in terms of phgsiemical (e.g., nutrient availability, acidity,
redox conditions) and hydrological factors (including periodic floodind drainage), complicating their study. The
magnitude of methane emissions from this source remains uncertain, but fluxes from wet forestydodsignificant.

The aim of this study is to assess wet forests as potential methane sources, conBeles@agdnal variability of
observed fluxes (case study of a mixed forest in the Moscow region).

Measurements were conducted from 2019 to 2022 at a wet forest in the Ruzsky District of Moscow &xrlas
the settlement of Dorokhovo. The study site (55R8436°23' E) is located 67 km west of Moscow's city boundary. The
soils of the study site are UmbBleyic Albeluvisols (soddypodzolic gleyic soils) with silty clay loam texture. The
vegetation is presented by a mixed forest dominatedlbys glutinosaQuercus robur Acer platanoidesAsarum
europaeumandMercurialis perennisThe longterm mean annual air temperature and precipitation for the study site
are 5.8°C and 688 mm, respectively.

Twelve field campaigns were carried out in different seasomsim&n campaigns:-24 August 2019, 85 July
2020, 1611 and 2930 August 2021. Autumn campaigns—25 October 2020,-40 October and 6 November 2021.
Winter campaigns: 9 January and 26 February 2022. Spring campaigridaBch 2022 and-28 May 2022. Methne
fluxes were measured using the static chamber method. At each measurement point, 2 to 4 chaantbeptoyex,
with 2 to 19 flux measurements taken per chamber overhm@4period, which were treated as replicates. Four gas
samples were taken in gyges during each of-80 minute flux measurement. Methane concentration in the gas
samples was determined by gas chromatography. In 2022, gas concentration inside of the chamkaswrad m
directly using a portable infrared gas analyzei7810 (LFCOR, USA). Additionally, soil temperature and moisture,
pH and electrical conductivity of soil water, as well as water table level (WTL) were measured.

Seven points were chosen on a transect from the point Swl_1 with the average WTL of 31 cm amle the
suiface to the point Swl_7 with the average WTL of 11 cm below the soil surface. The median methain8wil 1
and Swil_3, points with the best drainage on the transect, was close to zero, while the maximexceéided
1 mgCxm?xh™. At the downslope poinSwl_5, the mean WTL was 15 cm below the surface. Unlike the upslope
points, no methane consumption was observed here; the median emission was 0.5>hgCwith a maximum of
6.8 mgCxnitxh™. At the further downslope point Swl_2 (mean WTL = 0 cm)ntledian emission was comparable to
that at point Swl_5, but the maximum emission reached 20 mg@xmFinally, at points Swl_4, Swil_6, and
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Swl_7, where the WTL was between 5 and 11 cm above the soil surface, the median flux ranged foom 1.4
4 mgCxm*xh™, with maximum from 13 to 1BigCxm?xh™. A relatively strong correlation was found exclusively
between the median methane flux and WTL £R?63). For all other investigated factors, the coefficients of
determination did not exceed R9.27. Furtherme, the raw data (prior to median calculation) showed no significant
regression dependence with any of the factOrs. results correspond to the published data on methane emissions from
wet forests in the temperate climatic zone and the southern taggisfaf Western Siberia. Similar median emission
values were also observed in a tropical forest in the Congo River basin, although the maximuon ealiss$ there
were several times higher.

Therefore, our findings indicate that wet forests in the Mos@yion can be a source of atmospheric,.CH
Because of the cold seasons of the Moscow region (and, more broadly, the European part of Ralasiglyswvarm,
methane emissions during the autuwinter-spring period likely make a significant contributits the annual flux.
Future research should focus on: rfigre precise mapping of wet forest coveragein@®stigating the mechanism of
methane transport by trees and plants in wet foreststu@)ing the spatial variability of methane fluxes across
different types of wet forests, (4uantifying the relative contribution of diffusive and advective methane transport in
mineral soils, and (5)nderstanding the functioning of methanogenic communities under relatively limited (compared
to peatlands) avaitdlity of carbon sources.

Keywords: methane fluxes, climate change, waterlogged forests, swamp forests, seasonal fluctuations, seasonal
variations.
ljbgylu_ khdjZs_gby
<FH-<k_fbjgZy f_I_hjheh]lbg_kdZy hjl]ZgbaZpby
L}-1_jz]jzff wd\b\Z¥?d|dhf;
MI-m~_evguc ihlhd
M=<beWTL)— mjh\_gv ]Jjmglh\uo \h~
IB>—iezZf_gdohgbazZpbhgguc.”_|_dlhj
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ljh[e _fZ2Zjgbdh\h]h wnn_dlIZ

KhklzZgh\ \ ZIfhkn_j_ \eby_| gZ nmgdpbhgbjh\Zgb_ wdhkbkl_f b it
| _ fi_jZImjm A_feb \ Ihf gbke_ aZ kq_I| _kl_kI\_gghlh iZigilhdbkhylb wnn _o
| _ fi_jZImju \ gb'gbo kehyo ZIfhkn_ju ih kjZ\g_gbx k |_fi_jZlkhhfb ieZq
baemq_gby gZ[ex”Z _fh]khrbomod Mafoktéval974 c. 317,330. G_dhlhju_ JZau 1Zdb_
dzZzd \h”yghc,2Zj m]e _dbkeuc,]Z& 2@, &+jy® *"jm]bo dhgp_gljZpby dhlh
Zlfhkn_j_  g_agZgbl _evgkl qileehdZkeh\h]h PéemgnghdjZzkdgbZizahg
brms _]h hl a_fghc ih\_joghklb gZ]j Ihc ijboh”ys ¢ kheg _qghc wg_j]

AbZiZahgZ WIh kihkh[kI\m | m~_jZgbx | _iez \ ZIfhkn_j_ b ih~~r _j~Zgb
ij ~ eZo ijb]lh~"guo "eyWA yZaiib m\ _edlgb dhgp lghjZiZjgbdh\uo ]Zah\ \
Zifhkn _fi_jZImjZz iezg lu fh° | ihAgylvky kebrdhfjZalktdjjhieaduzy

k\yvaZzgglk baf g fibdebfzlzlIZzdbdZd baf g gb_ dhebq_klI\Z hkzZ”dh\ \
himklugb\Zgbx beb aZ[hezZqb\Zgbx hgjZaelbmgedqgj_gb_ dhebqg_klI\Z wdklj
ihl]h"guo y\e gb[Semehpwetal, 2018]

;hevrbgklbtkkke ~"h\zZlkehtky \h fg gbb qglh ghkl bafy g gb_ debfzlz
bf _gghh\ur_gb_ kj_"g_c I|_fi_jZIlmju ijba_fgh]l]h kehy \ha*fhiKaZijbf_jc
bg"mkljbZevgmx k\ijeodmgh k m\ _ebg _gb f dhgp_gljZpbbb/ hidkd2Z m]e
Zlfhkn _j[Albritton etal., 2001 Ilh ~Zgguf <k _fbjghc f_|I _hjheh]bg_kdhc hj]
dhgp_gljZpbyh&phkezZ k SSP ] *h SSP ] qlhj\*iheZ]Z Ik
dhgp _gljZpbym&21 gZoh”blvky \ ij_" eZo hl Ah SSP Ilheh\bgZ \k
hklZz _Iky \ Zlfhkn_je | \ Ih \j_fyjaZdneh\bgZ ihlJehsZ Iky hd_Zghf kn
jZklbl_evgHBéndinetal., 2004.

Lzd __kvfz Yyhxjhev \ iZjgbdh\hf wnn_dIl_ bljz_I f_1Zg Ohly \
dhgp_gljzpby f_1ZgZ ]hjza~h f_gvr_ q_f 26kqpglydjZ mpoyp BL2 Jeh[Zevgh]h
ihl _ie_gby i§bf_jgh \ Jda, bihwlhfrdezZf™ 1Zg¥ nhjfbjh\Zgb_ iZjgbdh\h]h
wnn_dlzZ khklzZ\eyhl \ _ebgbgu ijbgylhc “ey "\mlitbbtkdn andle 2pB1]Z<
gZklhys__ \j_fy kj_"gyy dfigiZogdjZ@bfhkn_j_ ij_ \umpml[IPCC 2023 HgZ
fZeh azZ\bkbl hl \ukhlu hl ih\_joghklb A_feb " |jhZhi ZdZauukl+h
ijbf_jgh az f_kyp i_j_f _rb\Z _Iky ih \ukhl_ >:DUQHFN @
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Jhev jZaebgguo wdhkbkl_f dZd bklhgqgbdh\ f 1ZgZz
< ZlIfhkn_f_1Zg_ h[jZam _4kk ihkimie_gb_ \ ZIfhkn_jm kqblZ_Ilky j_.
\u[jhkh\ k a_fghc ih\ Kaag,Kisdyow, 2004 >ey fhgblhjbg]Z wfbkkbb iZjgbdh\u«
bkihevamxlky jZaebqgu_f |h*u ZgZebaZ baf g gbc \ bkkkeZ\"h¥ZAfh&ncju
*OREDO &DUERQ 3URMHPWq [®&3Zdylglhe avfbkkbb f_1ZgZ-\ i_jldh"k
ihfhsvx f_Ih~"Z h[jZbhgdheb ak ijbgpbihf f_Ih”"Z fh gh hagZdhfblNdag gZijbf
Laurseretal., 1996 Heinetal., 1996 Glagoley Sabrekoy2012 @ H[{sbc ihlhdué&+hp g g \

576 L]1h* ijb wlhf a-]lhR] ijbohébkyZ Zgljhih] _ggu_ bklhgqgbdbcKj ~g_
h{t f wfbkkbb -\ 11 [hevr_gZ ,4ib]k§Z\g _gbxjkhfh - 1][Saunois
etal., 2020].

F_1zg bf__I fgh  _klI\h _kl_kI\_gguo bklhqggHKeddh\Kiselybk,f2004kje49; >

Anderson et al., 2010]:

X <h”rglthehlgu_ m]®jymjigcrbf kIl _kI\ _gguf bklhggbdhfxitkyXlgZghy\ey
[hehlgum]h¥y ihlhd &+ ih\_joghkllhjaahp_gb\Z _ Iky ijbf 3jigh \
231L]]1hA [IPCC, 2023. <Z guf bklhgqgbdhf f_1ZgZ [hehlzZ 7~ _eZxl| ih\
\eZ ghklv ZgZwjh[gu_ mkeh\by Z IgdgbgqgZletihlhgb s kI\Z dhlh
ijhbkoh”bl \ mkeh\byo g_"hklzZldZ dbkehjh~Z

X Hd_Zg0-17 L]JhA F_1Zg _kl_kI\_gguf h[jZahf h[jZam_lky \ hd_Zg_ fbd]
dhlihju_ "bddbkehyo “hgguo hleh  _gbc 1Zd b g_ihkj_~klI\_ggh \ \h"

X lj _kgulh”u LJhA H[jZah\Zgb_ f_1ZgZ \ ij_kgh\h”guo \h~h_fZo ijl
"hgguo hleh  _gbhod”_ \ ZgZwjh[guo kehyo ~bfbdlbg_kdbo.b f_jhfbd

X L_jfblw LJhA <~ _emMdb gZk_drfhul[s_kifbdjhhj]Zgbafh\ kihkh[guo

Jem[hdtbchobfbq_kdhc i_j jz[hld, jZls |logBikddh gu_ m]e _\h~u ~h [he
ijhkluo kh_~bgagldblhjuo f _IZgh] _ghLizaipb IZg
X lh>Zju- L]h*® < ijhp_kk_ ]hj_gby f 1Zg hEZaq iltkegtld klhjZgb:

[bheh]bq_kdh]h fZI_jbaez\ddkKgh\du[jhku f_1ZgZ \ghkyl ih*Zju \ kZ
ljhibg_kdbo e_kZo

lhkdhevdmb[he _ agZqbfufb _klI_kI\_ggufb bklhqgbdzfb Z IBgZ y\e
ih\ur_ggh_ \gbfZgb_  bk&eflure\ m” e fghghf Matthews,Fung,1987 Bartlett,
Harriss 1993; Glagolev Shnyrey 2007; Sabrekowtal.,2011. L _f g_f g g _evay g Vdeigp® gb\Zz
b “"jm]bo ijbjh”"guo bkliMggpbdia gbo fhiml [ulv ba\eaZhggdgu, | e ekXkZ
ihg\u dhlhjgdoh”~yNkynkeh\byo ihklhyggh]h beb \j_éZgghphKhlgeZingh
NZgguf ORPSHUNRMY|HE&Z Ih@hqg_ggu_ e_kZ ihdju\zZxl ijbf_jgh | _jjblhjbb

HAgZdh \ hlebgb_ &l kjgwehlwdhkbkl_fu bf_xI [he__ jZaghh[jZagu_ &
0ZjZdl_jbklbdb k Ilhgdb ajobblyg nbcibah IZdbaZl#&Rdh [b]Zl_evguo \_s_KklI\
dbkehlghklv hdbk\ekklkl&Zgdhhbl _evgu_ mkeh\by b ]b”jheh]bg_kdbo nZc
i_jbh”bg_kdh_ aZzZlhie_gb_ b hkmr_gb_ glh nHehf dwkkibdol Dbgdnd agb _
’\Zggh]h kahngdZ ’thckrb’bellhy ihn thgl‘hkhu AklzZ\ey _likyhdd ba ihqg\
i_j_m\eZ goggukh\ fhlml [ulv kms_klI\ _ggufbhkéhwghim flykke ~h\ZIl _eb
h[jZlbeb \gbfZghb gbljevgiafova et al., 201OGIagoIev et al.,, 2017; Mochenov et al., 2018
Davidsonetal., 2024. Kms _kl\mxl| hI’\_evgu_ jZ[hlu >*D@FLithV\ysD_@ths_gth)]>e
f 1Zzgz ~_j_\vyfb HN2gzZdh mqg_Ihf wlbo n&ZdihfhhekZflZ qlh ba[ulhqggh
m\egd ggu_ e_kZ g_ fhlml kgblZlvky wdhkbkl_fZ1fikid gewe m hie[ j& akhk Ely be
ihlehgb_ f _1ZgzZ \ ihg\_ hij_"_ey_ Iky fbdjh[bheh]bg_kdbébghjhpulkkZfb
ih"\ _j° _gh \ebygbx k_ahgguo dhe [Zgbc nzZdlhjh\ \g_rg_c kj_"u < klyab
bf | bkke_~h\Zgb_ \gmljb]h~h\hc ~bgZfbdb ewkblgkZkihyslZgpZBgbeg_ ~h\
y\ey Iky JZkgthIJba[thqgh m\eZ g gigdub idl kiipbZevguo bklhggbdh\ f
mqgq_|hf k_ahgghc baf _gqgb\hklb \ _ebgbgu ga4[2xiiBf fuo khlh&idhgh]h e kZ
Fhkdh\kdhc h[ezZklb

H, T?DLU

Baf _j _gby ijh\h”*bebkv \ ]] ogZqzZkld_ baJulhqgh m\eZ g ggh]lh e kZ
jZchg_ Fhkdh\kdhc h[eZklb [ebakihkh pughoiphh_~ _ gh ihe_\uo \u_a”h\ \
\j_f_gZ 1h*Z : & _Ih&\]mklZ S5th "D xey 1K~ Z b k, Z\lmklZ
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1h~zZ  Hk: Zyvx hdly[jy Ih~Z hdly[jy b ghyl[jy 1h"ZygABfnchb

n_\jZey ]h~rz : «_kghtzjlz ]h~Z g_h[oh”bfh hif_Iblv qlh \ wlhl
| _fi_jZImjZ \ha"moZ ihgf#0ZeZlkAd "dqlh wlb baf_j _gby kdhj__alkffphd\ _Ikl\m
l1Zzd™ - fZy ] iWasovetal.,2023] Dexqg_\hc madBhK 1, 36°23'\ ~ jZkiheh  _g \

df d aZiZz”"m hl ]jZgbpu\] FhfkdZ KKA hl *_e_agh”hjh'ghc klZgpbb >hjh
< jZchg_ bkke_"h\Zgby ij_h[eiz™Zdtlletu jgihd\WIb ihg\u nhjfbjmxlky \

jZ\gbgguo b J]Jhjguo h[eZklyo x'ghlZ_"ghc ihveadhkglu_gidndfbo\bhcehhcgh
rbjhdhebkl\_ggufb -fho\lygbklufb b 1jZ\ygbklufb e_kZfb ij_bfms_kI\_
kmlebgbkluo ihjhrZo >6KBokMmNeRaY.,, 1987 Ihg\udexqubd mqgzZk4dh\gh\h
ihfahebklu_ Je_ _\ZIlGleyi8 RIEdlvisols}, kj ~"g_km]ebgbklu_ jZa\blu_ gZ ihd
kj_"g_km]ebgbkluo hleh®_gbyo fhsghklv ih\_joghklgh]h hj}Zgkf_kdh]h
WIib ihg\klj_gzZxlky \ x'ghcclZahgh \ f_klZo k gbadbf j_ev_nhf beb gZz
jZ\gbgZo k iehobf ~j gz  f ]~_\j_f ggh azZ” _j b\Zxlky ih\_joghklgu _\t
h[jZzamxlky ih® [hehlgufb kf_rzZgduZbydihlolu\tb e_kzZfb gz Iy _euo |]jnm
[Sokolova et al., 1987

Jb.1 F_klhiheh™ _

$ mqzZkldZ baf_j _gby
highkbl_evgh ] Fhkd\u
% mqgzZkldZ 6ZB

& \k_o lhg_d baf _j gby
gZ mqgqZkld_6ZB

Fig. 1.Location:

A) of the measurement site
relative to Moscow;

B) site Sw_1;

C) of all measurement
points on the site Sw_1.
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JZklbl _evgikMklzZ\e kfZrZggufeZ ghljZ\gefkhkAlnus glutinosa, Quercus

robur, Acer platanoides, Asarum europaeum, Mercurialis perendiZkiheh™ glbg Oaf j gby
ij_"klzZ\e _glblkdz
ljb \u[hjdhgdj_Igub jbbd _evguo iehgZ"Mmdkke_ "m_fhc | _jjblhjbb mqgblu\

jZaebgby \ fbdjhj_ewms _kI\_6gw _hp _gdb wfbkkbb f_1ZgZagZaqbkele\by o
jZaebgbokM=<GZ mqzZkldu6ZBZedZ dZ(lhgZ d baf_jihghgh\ JGIb k.
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Jbk. DX gZ |lhg_d baf_j gby

M=- kj_~ghlejh\_gjmglh\uo (\hkf gb _ ih\_joghklbl.ihgyZijbfagZq_db=<=-5kf
hagzZzqz_l qlh \h”"Z klhyeZ %fkjurrgihfh_g@ghklb ihzihjh\_gv [hkup \h" kf
hagzZqz_l qlh \h"Z KfihgeZig¥Z joghklb jhqglu

Fig. 2 Transecbf measurement points.

GWL - average groundwater level (in cm below the soil surface; for example, a GWlcof means the water was,
on average, 5 crabovethe soil surface, while a GWL of +15 cm means theerais 15 cnbelowthe soil surface).

>Zggu_ ey i_jbh~Z ihe_\uo jZ[hl k ih ]h~ bkkj_~giHgh]lhe
20181 h~ h kj_"g_f_kygghc |_fi_jzZUbk RHAhlaffifozZhkZ2dk\[ueb ihemqg_gu k
f | hklZgpbc ©Fh Zckd?2 REEOIYMRFKIH\Z <>GO0O?2 b nmAkghMge glgyy
ki_"g_lh”rh\Zy | _fi_jZImjZ \ha”moZC KNkDZVYBeZ\ 2019 b \202 ] -
khhi\_IkI\, 94 b7.7°C | _ ZghfZevgh \ur_ ghjfu Z \ - bb 18\
ij_"_eZo ghjeudhlhju jbh"hI®"_evguo e_| oZjzdl_pddbhfhellov f hl: ghjfu
gZijbf_N ~_dZJ[j_ ] Z 1Zd"_ yg\Z20208 nkj\jZe f _kyqgZy |_fi_jzZImjz |
khhi\_TkI\_ggh gZ °C\ur bghjfu gZijhlb\ n_\jZle~Z [g2 °C ZghfZevgh
gb™_ ghjfulbd e _Igbo kj_~g _kmlhqgguo | _fi jZImj e |hf ]h~Z ijbr_
ZghfzZevgh ij \ukb\ gh¢imZgX Hhgm bxgwr_  ghjfu gZ). < hkgh\ghf

| fi_jZImju \ Thau ijh\_~ gby blkkze bXidexghgb]frzZ [welb_ ghjfu
Kji_~g _fghlhelhakYyZyffZ hkz~dh\ khlgl ZAp\eZl16 ff) Zh ]h~2019]
~545ff gb'_ ghjfu gZf,6 2020]-842ff gb>_ ghjfu gz ,2021]-768 ff b

20221 - ff DjZcg_ \ed'joudh fZc bxdvbxev [h*"Z kmffZjgh \ wilb f _kypu
\uiZeh ff hkz~rdh\ ijb kj_~g_]lh~h\hc ghjf_ azZ wlhZc b ibkkew” [uebff
ZghfZevgh \eZ g__Kphgyuih Z\]Imkl ]h~rZ \uiZzeh kmffZjgh ff hkz~dh\
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Fig. 3. Average monthly air temperature according towh& H27509and27612weather stations for 2019

2022 compared wittohgterm average values (192918)
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Fig. 4. Average monthly precipitation accordingtte W F H27509and27612weather stations for 2019

2022 compared with lonterm average values (192918)
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F?LH>U

KIZIbg_kdbc dzf _jguc f_Ih~

M~ _evgu_ ihlhdb f_1ZgZ [ueb baf_jklgubk ikdiiZ¥vxgh]lh f_(UikB).
Hkgh\Zgbkpthgdh\Zdeh g j Z\ _xs_c¢c Xkeb\j aZeb \ ihghemdg q f aZz
fbgml ~h gzZzqzZez Wafhjuglhd\_ebjh\zZlv \hafms_gby \hagbdrbabfihlb \j_a
hkgh\Zgby dzZf j mklZgZ\eb\Zeb g _ihkj_~kI\_ggh gZ kg_ ] klZjzZykv fbg
kg_"gi]ihdjh\ZAZI_f gZ hkgh\Zgb_ mkdZdzZpmbkiledvah\Zeb ieZklfZkkh\L
dZf_ju ihdjulu_ khegp_aZsb]dptc fiadjoxdboo d&2Df0168f% ijyfhm]lhevguo
0.0306f* 1jZi_pb_\b2@08d3f°). <iZau hkgh\Zgby aZelk\ZeXZ EAPinazl\hja ~ey
h[_ki_q_gby ]_jf_Ibggh]ZfdhglBEdikKgth\IZgitby {ahf qglh[u gb gyy qZklv dZf
\f_kl_ __ dhglzdlZ k tiugBE\Zglhpmf _gZ § \H m__gZ f kf IThlhf \ hI\_jklib_ \
\_jog_c gZklb dZf_ju \klZ\eyeb j_&b@pbtmysijb[dmjiazgl|fZktkdlym [kc
ey hl[hjZ kihd_evx ihke_"mxs_]h JZahojhfZlh]jZnbg_kdh]h < kZ2elgazZ \ e:
dh]”"Z mjh\_gv ]jmglh\uo \h” [ue \ur_ mjh\&kyZi\Wtbe\w \ Rk mM\gZghZy \<shqg\m
jy® \u_a~rm\hgp jgpbby 1Zaz \ dzf_j_ baf_jyeZkv g_ihkj_"klI\_ggihb\ ihe _\
ihfhsb dhzZgZebazlhjz kf gbdzf_ ljmM"\&kIZAeydjmRdih hrghc ]Za ihklmizZe
]ZahzgzZebazlhj Z ih “jm]lhc \ha\jZsZe&ky\B}jdg¥ 6\ Zf_ jm

Jb.5 Fkgh\zy "ey d:
Z [ bmpbgdh\Zgghgc klZeb
\ ba g jZ\ _xs_c klZeb

Fig. 5. Collars for chambers:
a, [) made of galvanized steel;
¢) made of stainless steel

Jb.6. KIZlbqg_kdbc dz

f_ IThr\ ~ _ckKebhbZ]Zah
\ucZgZeb aldddrj/ i h

dexq_g d d¥Mhjf mk _

q_gghc ibjzZflopdNZz dZf_

ju g_ ih*"dexqg_gu d JZahZgZe
IlhjmhI[hj ijiHkms _kl\ey _Ilky
ijb ihfhsbijbp_\

Fig. 6. The static chamber method

in action. On the left, the Licor

7810 gas analyzer is connected to a
chamber shaped like a truncated
pyramid. On the right, the chambers
are not connected to the gas
analyzer, and samples are collected
using syringes

Iljib baf_j gbyo gZ dhgdj _Ighc |lhgd_ jZaf_sZehkv hl Nh dzf j <

ijhba\h~"behkv hl bdh j gbc agsq ghguo ihMBhdhlhju_ jZkkfzZljb\Zebkv
dzq_kI\_ ih\IhjghlKhZah\ujh[ ~eihke ~mxs_]h eZ[hjZGZdghlhp gljZpbec
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ijhba\h~beb \ rijbpu h[t_fhfjzZ\gbhlklhyfbf_glu \j_ftgh t, btz <jfy
wdkihabfttp khklZ\eyeh

o 9% fbgml ijb mjidhgygblyti\ur_ ih\_joghklb,ihg\u

o 20+ fbgml ifgh\g_ \hfuh\_joghklb ihq¥u Mf gb™ _,g
o 45 fbgml ifgh\g_ \héwm[ k f

Kh \j f g f \ dzf_j_ ijhbkoh”beh bafjZpbgb JZdZgp\uoh”ys ]h ba ihg\u
gZh[thI ih]JehsZ xfhllh djb\hc baf_g gby dhgp_gljZpbb \ugbkeyeb m~_e
hibkZgh \ >*etBAl.JEOOOHY

:gZeba dhgp _gljZpbb JZah\

< 2019] b e_1hf2020] bkihevah\Zheloynbpbjh\Zgguc g £ Ohi]F-4»
(©0jhfZlh]jKKKJ hkgZselBy ieZf_ghhgbazZpbhggl _dlihjhkdzq_klI\ -]ZaZz
ghkbl_ejypwf_gyeky \h~hijh*ZgZ dhlhjh]lhy&kakfg\Ebg Bkihevah\ZeZkv dheh
"bzf hf25ff b ~ehglf aZihe@ygbj[_ glhf ©OKh\86-200 mesh L _fi_jZImjZ
dhehgdb fK \\h” ijh[u Hkewyseky q_j_ i _lex hI32KkARf Hk _gvx ]
baf j gby \ ebkkfgkh]jZo: <LHOJHF@FZghf_L]hkkay IB> >bZf |j dhehgdb

ff "ebgzZz f I_fi_jZImj3B0°C, ]Zghkblve\h*hjh” kdhjhklv-ihltedZbg
Khj[_glhf ke®lhebkh(@®100 mesh H[t_f \\h~bfhc i+h[u fe DZ ~"Zy ijh[Z ]ZaZ
dzf jdgZebabjh\ZeZkk\Nhjghklyo ba dZ ~h]h rijbpZ [jZehkv ~ey ZgZebhas
ijh[ ey jZkq_ Ih\evbhHZeZkv kj_"gyy dhdik glyXpby bkihevah\Zeky
ojhfZlh]j«djbklzZ5060.2 — | _dlihj IB>ghkbl —eZahtebgZ dhehghd*bzZf-1j

ff khj[—gﬂorapak$0/100meshl fi_jZImjZ dhehgd&h[t_f \\h~bfhc ifh[k%

>ey dZeb[jo)dbzIh]jZnkilhbvah\ZezZkv kf_kwv \IlZaghddhg o_ g bj Zp.8O + 0.0],
5.00£0.01 b .84+ 0.01ppm K G(National Institute for Environmental Studies, Japan).

Abfhc b \_kghd dhgp_gljZhHEgRij] ~ eyebkv g _ihkgh~kldzf j_ ijb
ihfhshhjlZib\ghlh bgnjZdjZkgh]h ]ZBWBIEbGARNjKR: QZklhlZ baf_j _gbc
—1=p h[t_f hilbq_kdhe @lddkfu kdhjhklv ih7Bd& fbg | _fi_jZImjgu_ ij_~_eu

baf j gb25++40°& ~bZiZahg baf_j gbZpbthgfp ldbE ~h SSP ih]j_rghklv
1-g_ [he_ _ SSE

Khimlkl\mxdbaf j gbZjzZf_Ih\hdjm > Zxs_c kj_"u

GZ baf _jbl _evguo iehsZdldEggufb ~"ZlgbdzZfb ©7+(502& D52922LL % X W W
©'$//$6 6HPLFRQGXFWkWaT KRG _fi_jZlmjihg\u gZ ]em([Bb0y B,d5(T15)
bas kf Z 1zZdZlfhkn_jdzlf gZ \ukhlf gz~ ih\_joghklvx <ke@\whklv ihg\u
hij_~_eyeb | _jfRkIEhgbf f_IhadZfd hg hil8m,2009. Ijb mjh\g_ klhygby \h”u \
ihg\_\ ~"bZiZakd=+ kf hl[bjZeb ijh[u \h”u \ dhlhjuo baf_jyeb ihd
we _dljhijh\h~rghklb (& b S+ k bkihevah\zZgb-f_ihZlzIb Qddt29j Gonfigo
©+DQQD ,QVWUXPHQWV?2 KR:

J?AMEVL:LU

<LZ[e ijb\_~jgrihdZaZlc\ejhylghklgailoij ~ ecmgbd_eVymhhlhdzZ f_1ZgZ gZ
bamqgz_ fhf m8iZkld 2019 ]] DzZd fu \b”bWwlh@EgzZkld bfms_kI\ _ggh
gZ[ex""Z |ky wfbkkby f 1ZgZ Bkdexq_ g®wB B\&@wxlkyglhagddhjpdd g gh
g_[hevrh_ ih]JehGH,gbWIh h[yykRBpojZkiheh _gb_f ev:mqgzZkldbeylky
gZb[he__ "~j_gbjh\Zggufb kj_RbehkkZewvghd”"Ze gghkllgzkliHakehlgdgiZ] h
k_\_jghc hdjZzbg_ aZ[hehd&kjigfdhble enjkXY gv klhygby-ehMNehk lggdhg i _jbh~
khklz\ey | b kf khhi\Jblk)\ _ggh

H[jZlbfky d ]jZnbdzZf k_ah\dbk@liJok/).ZGZ IhgwB B gZ[eadttvay Idh _
ihlehs_gb_ f 1ZgZ ellhf§_j_a ]h” [ueh k~_eZgh g_kbthlkveahl 2u]_ath\
\ kgorl] gZ ~Zgghc lhqd_ gZiéexdZ¢&dpadbec.&k gemedkk ggbc i_jbh?
gZ[ex”"Zeky g _[hevrhc jhkl k iZz" gbglZagzadlglhx[jyh”*Z \ h”"ghc ba ~\mg
ijhkljZgkl\_gguo ih\lIhjghkl_c[weZ midZ&ldjZz walHkhklby ~hofICxfx g Z
\h \lThjhrdl ~hoflexf2x g
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LZ[ebpZdhdzZazl_eb jzkij " @H;ogdy MdZ3nld aX kv _jbh” gZ[ex” _gbc

Table 1.Descriptive statistics of CHlux in the Sw_1larea for the entire observation period (2QD22)

AgZqg_gkCH4,
201 Sw 11l Sw 12|  Sw1l3 Swld4 Swl5 Swlil6|lSwlil7

flCx f“x q

Fbgbfi -0.061 0.0C -0.04¢ 0.50 0.014 -0.03 0.42
1°d\zZjlk -0.01¢ 0.0¢ -0.017 0.7¢ 0.13¢ 0.2¢ 2.13¢
F_"bz 0.0C 0.31 0.01Z 1.9: 0.5: 1.3¢€ 3.9(
3°d\zjlk 0.05] 2.87 0.7t 8.07 1.9¢ 7.3¢€ 5.7¢
FZdkbf 1.1¢ 19.5: 1.37 18.2¢ 6.7¢ 16.5¢ 13.4]
n 55 58 53 24 55 38 20
>Ze _ ih j_ ev_rkm Ygbal lhgdZ &ZEvw gZ[exN2bhyhgme firhihlhd

f 1Zzgz V1. _q_gb_ ijzdibq_kdbk\lgwid ]had 6ZB B [ueb azZmifkeyl\Zgu
\ukhdb_ agZq_gby ihlledZjbflZgX ghy[j_ \ HhgEc ba ~\mo ijhkljZgkI\_ g
in\lhjghkl ¢ gZ hgeZkhdf q _gZ wibkkby f 1ZgZ RICxf>@hZ \h \lkjht

Aho flex 2 g
GZ Ilh¢uB B gZoh”ys cky gb”  ih kdehgm hibkd@dgpawe&iddbkkbyg d
f 1Zgkze 1Z .ihlhk_gv .< HklZevgh_ \j_fy ihébadbe d .genexh&d 1 2

bf eh f_kuh e glKQ e Ikhk ggbc i 2487, Z 1Zdhlghkbl _evgh [hevrb_ ihlhc
hk_gvx ] K_ahgguc wflb’kkbbllgdlSZB B hledxgZ[hevrbfb ihlhdzZfb e_Ihf I
hk_gvx hdheh f]JCkhf?xq khhil\_IkI\_g@Wh [ueZ kZfZy gbadZy lhqdzZ j_e\
fZdkbfZevguf h[\hAdbkh LfhgdwB B Sw 1l 7[ueb jZkihehgZgth~ghf mqgzZkld_ k
mjh\g _f ]Jjmglh\uo ‘the'vghlA[l g _gb_\k_]Jh k_ahgZ gZoh”b\rbfky \ur_ ih\_
(ihwlhfm hgb [ueb jZkkfhlj_gu JYf._kligh gZ

< ijhp_kk_ ZzgzZebaz k\yab ihlhdh\ f_1ZgzZ az\bkbfZy i _j f _ggz
i j f ggufb \ dzq_kI\_ dhlihjusvThukiSmiZel& 7ZIfb 7 ~Zggu_ [ueb
ij "\Zjbl _evgh h[h[s_gu iml_f jZzkq _1Z f _~bZggobc agiygd gteZ \_kv i_jb

ijh\_~ gby baf_ j gbc AZI f [ueZ ijh\_~ gZ h[uqgZy ebg Zd®iZVyZgZj bkkby
dZ "hc ba g_aZ\bkbfuo iMfZehkwduy\bZvhygmgkh | _kgmx k\yav f _ChZgguo N
lhev&WTL (R°=0.63),Z\ hklZevguo kemqgZyo dRWOAAD pjb wllhf bkohrgu_ ~Zggu._
"h jZzkq_lzZ f_~"bZg g_ ihdZaZeb agZqgbfhc j_]j_kkbeélg[dhoZaddhhlkbfhklb k

H;KM@>?GB?

JZkkfhljbf kguadh@h” wfbkkbbg#ZlHgd 1 5 yleyxs_cky \ g_dhlhjhf kfuke
©kj_~g_c? ih mkeh\byf mgezZligggd® B dIv 1 3— M=< klhbl Jem[ _ qg_f g:
SwB B Z gZ Bwqd20Sw 1 6,Sw_1 4, Sw 1-7[eb”_ d ih\_joghklb GEBwU_ 5
ijZdlbgdb \kz e_1lh ]Jh"BEGipuethdhedpme Dh]"Bk_gvx ] \h~Z klZeZ
ih~"gbfZlvky \\_jo ih ijhnbex ihlhd aZdhghf_jgh gZqgqZe jZklb Fu fh _f g
wfbkkbb ~h Zij_ey (baakhhZkmlkl\by kbevguo b ijh~he ' bl_evgudefhjhah\
Ohjhrh ba\_klgh glh h[jZzah\Zgb_ f 1ZgZ fbdjhhj]J]ZzgbafzZfb \ agZqgbl _evg

| fi_jZIlmjhc kf gZzZijbf_j >:LHJHO Kirschke®8UDG @-aBd_iehc hk_gb b
gZgZeZ abduzkbevgh g_ hoezZ ~"ZezZku kg _HphbEdgu n_\jZe _ ] knhjfbjl
\ukhdbc kg _"guc ihdjh\ I|hesbglic hidhlrjuc \uihegye jhev | _iehbaheyll
j_amevlzl_ | _fiihpfhmjzZzgZ ih\_jopih&Zbohlv b gbadZy gh ihghhbkha®g¥seh

mkeh\by "ey f_IZgKRC \ghd[j_-1°C\ fZjl_ b-55C\ Zij_e _

H[jZIbf \gbfZgb_ g3wBh&dmdhlhjZy \_kV_kkgggc i gEh2dl_jbah\ZeZkv
mjh\g_f klhygby \h~u [ebadbf d ih\_joghklb ilg\ahbgh oy édtkkdp b] KeG
NZgghc lhgdb ihg@dbpreky ihdzZazUDb&kgufez]lh”rZjy fhgblhjbg]lm mjh\gy Kkl
\h~ u gZ wlhc dthkyd fu fh™ _f \b” Iv glh \ gZqgzZe] hWkK*HRureZ gZ ih\_joghkl
khanrz\zZy [eZ]hijbylgu_ mkeh\by ”"ey f IZgh] _gh\ B ~_ckl\bl ]Jevgh g
gZlex"Z _|ky ZdIib\gzkQ@kfbhtkkbywyghklb gZ wlhc lhgd_
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Jbki. K _ahgguc oh” fhllZayy\ gz bkke "m_fuo mgZzZkldZo

A_e _gu_ fzZjdiHpehs_gb, &HZkgu_ fZyd\yO_e_gby &+gu_ fZjd_ju™_e_gb_ b
ihlJehs_gb, EBrem[u[ehdmjh\_gv klhygby\\htddZevgu_ hlj_adb h[hagZqgzZx|l ~h\_jt
bgl_j\zZe

Fig. 7. Seasonal variations in methane fluxes at the study sites.

Green markers represent Cuptake, red markers represent Ghhission, black markers represent @&rhission ad

uptake, blue blocks represent water table, and vertical bars indicate confidence intervals.
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< _ebgbgu MI hl fbgbfZejywdzjhbey.061"h0.014f]& f?xq ihemq_ggu_
gZ jZkiheh™ _gguo \ur_ \ j_ ev_n_ lhqgdZo[éZ&dBbdméxBa®yzZgq gbyf ihlhdZz
gZ[ex”~"Z\r_]hky \ Z\lIhfhjnguo ihgq\Zo ebkIFkbgdliB6.650h0.005 f]Cx f?x ¢
[Ambus Robertson @ khkgh\hlh e kzZ>\ 1k bGO4Y f]Cx f*x ) [Aronsonetal., 2012]
b e _kh\ \ DZyiB4y-0.008f]Cxf’xqg@ >$GDPVHQ .LQJ @ gh g_kdhevdh
Ibibgguo ihlhdh\ \ ~j gbjh\Zgguo ihq\Z®.020 \k®0045F& btx g) [Ambus,
Christensen, 1995]<ijhg _f \ ihke_ g _f kemqgZ_dhwnnbpb_gl \ZjbZpbb khklZ\e
LZd glhdlbz_kdb fghlb_ agZqddeyokvjkkgZrbf "bzZiZahghf LZdbf h[jZal

kdZzazlv qlh ihg\u \halur_gguo mqgzZkldh\ bamg_ggh]h gZfb i_j m\eZ g_
ihlehszZxl f_1zZg ijbf_jgh IZzd ~_ dzZd Z\lhfhjngu_ ihg\u e_kh\imykh\gghl]h
Baf j gbc hkms_kl\e _gguo bf ggh \ i j m\eZ'g gguo e _kZo d

\uiheg_gh g_fgh]lh beb kigEfhbE\\hgyghkebrdhf fghdbo im[ebdZpbc L _f ¢
f g_g_dhlhjh_ kjzZ\g_gb_ ijh\_klb< mZ[hédhghgghf khkgh\thjfh&_ tkygkly

\h”*u dhe_[Zeky”hb kf \ rl Gwvx _jkbBronsonetal. [2012] \ e Idhk ggbc i_jbh~
gZ[ex"Zeb ijzdlbg_kdb gme_ WwWZgghyhdbqgdZ ih mjh\gx klhygby \h~u
khhi\_IklI\m _| B B qbXkgZ ~Zgghc flhZe@ khklZ\beZf]Cxf?x . Wlh

~Z  gZ ihjy*hd [hevr_ q_f kj_"gbcflChfPdy) gzZ[ex”~Z\rbcky \ ljhibg_kdh
i_j_m\eZ g_gghf e_km \DEkkKaZdhqd_ g_ aZeb\y_ 6ht A\jmhice lThgd_ dhlhj
\h~"hc aZeb\ZezZkv kj_(3g39d]Cxi{FRd) [Bartheletal,202d m~b\bl _evguf h[jZahf
khhi\ _lklI\h\Ze f _~bZg_ ihemq_gghcSwZ 7gZkfcLApely.dGh fZdkbfZevgu _
ihlhdb\ IjhibdZo b gZ azlZieb\Z_fhc b gZ g_aZlZieb\gghhcj Nugd2b ki
khhi\_lklih\gg b\ [Badlgletal., 2023 fzZdkbfZevgh_ agZq_gb_ gZ[ex™Z\r_
(19.5 flICxf?x g — g Bw 1_2).

HArgZdh baf_ Arogdopetal > @ b | _f Bhmheletal [2023 \uiheg _gu ]JhjZa”h
X'g_ g_~_eb gZrb Ilhwihfm bgl B kigiz\gijgb kIl s b k j_amevlZ
im[ebdh\Zgg[babidsonetal., 2024] b hk h [ _ g dButlersetal.,, 2023 ihkdhevdm hgb Yhemqg_g
jZkihehguo gZ rbjhl_ hdkehkhtfI\_IkI\_aggfghehqg_gghf o\hcghf e_lkim \ DZg
e_kZo EZI\bb _ev@thd dvj abydnjh\gx klhygby \h”u \ e_dg& 4k pbh »
lhqdb ijbf_jgh khhI\_IklI\m®W IgZrtb$w 1 5 (d kh Ze_gbx \ pblbjm_fhc jZ[
baf_j _gby ijhba\h”"bebkv ebrv \ eMhglkeovgujbhhlhdb f_1ZgZ khklZ\eyeb h
1.6 f]ICxf?>xg gh h[eZz”"Zeb kms_kI\ _gghc \ZjbZ[_evghklvx —dhwnnbpb gl \

K mq_|hf wlhl]h hdZau\Z |ky glh ihemg_ggu_ gZfb \_ebgbgu m~*_
khhi\ _TklI\mxI| ~Davigadnetal. [2024]. < EZI\bb gZ g_hkmr _gg Batlersgtak 20Z3) >
k hdly[jy ] ih bxgv ] wfbkkby f 1ZgZ \ kj_~g_X1lkhRIACe’sd qlh
ijbf_jgh khhlI\_IklI\m_1 ihlhdZf gZ gZrbo gZb[he_SwHh[¥HSg 1g6§ uro™ §lZgdZ o
gZ eZl\bckdhf mqgzkld_ \h*Z \ | _qZgtbaf\k Ybci kbhyez \ kj ~g f gZ ]
35+3 kf 1h]*"Z dZd-rmugZkh\_joghklb ilcGgddhg_p hif_IBfp_celhifbibggu_
\_ebgbguaf j gguo gElb&s \iheg khihklzZ\bfu k j amevlIZIZfb ihemqg_ gt
bamqgzZ\rboky g _kdhgbthbe kdAhieb\Z fuo e kZo gZ | _jjblhjbb AZigZ"ghc K
k Glagolevetal., 2017 Glagolevetal., 2018; Mochenovetal., 2018). Ijbg_f kebh\hjblvehlg
hk _gghgZq githybdZ ihemq _gguoSwZ 6K@H5 fICxf?xq) Itke ~nmhlf Iblv
glh tth[gu_ \_ebgZdex"Zebxkds _ \ e-hllg_ggbc i_f@Zh» g_ \ e_@gZokZZiuo
Zdlb\gul lhgdb aj_gby wfbkkhke il b@&dpZ\gmljb[hehlgud AZiZZghc Kb[bjb
Kj gZijbf_jBohketal, 2007; Glagolev,Kleptsova 2009 Davydovetal, 2021; Sabrekowtal.,
2027).

HI* evgh h[km~bf h[gZjm  _ggmx gZfb rd hyjf bedokbb (b KHh<k\ywafZgg
k\eZ ghklvx ihgdhlhjZy hdZaZeZkv agZgbfzZ Ihevdh ijb h[h[s_gbb \k_o j_
ih Thgdzf gZ[ex”~_gbc ind ff 1BEg_| ihal\hebeZ \uy\blv k\ka\Z d -l [ h
nZdlhjzfb [_a wlhc i.h¢hhgi\dpZ[hZo kf g ZijbfMgore-Dalva,1993; Glagolev,

2001, Zona etal.,2009 Manderetal.,2011@ hlf_gZ |ky \_kvfZ gq_ldZy klyav mR_evgh]
mjh\g _Khikgby \A~thehlZoh \_j_m\eZ g_ggkdo ijhib\ h byZigbhnjj eypby

2<ith_f \ e_kZo d gZklhys_fm \j_f_gb \uiheg_gh _s_ hlghkbl_evgh fZek"ba¥_¢Zgbc ih
dzdbh h[sb_ \u\h”u _s_ jzZgh KijZ\_~eb\hklb jZ~bfhjf \Bbtfersqtldh, gZ@&b[ueZ h[gZjm _gZz

\_kvfz \ukhdzy dhjj_eypbykwhikkdbf BiGnglh\uo \h"
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eb[h [ugl  _eb[mkmlklI\h\A&Aronsonetal., 2012 Davidsonetal., 2024. ljbgbgu wlh]h
"h kbo ihykgu<hafh gh_ h[tykfih'ggh ~ZIv gZ hkgh\_ tkhhhgZéehg _dguo
[Glagoley 201Q j 11411 gh 1Zf hgb ijbf_g gu d ijhkljZgkl\_gghc \ZjbZ[ _evghk
ijbf_gbf bo d \j_f gghc baf _ggb\hklb D gzklhys fm \j f gb rbjhdh
hibkZgb_f \ha”_ckl\by nzZdlhjh\ kj_~u gZ whlekkbixebyd\&h\gZAy fnhjfme
Wibkkbfy NZdkhfe NZdbhj. ]Myfo—g_dhlhju_ nmgkdpblgZijbfErplking, Crill,
1994; Caoetal., 19%; Glagolevetal.,1998). < |_gq_gb_ hlghkbl_evgh g_[hevrh]lh i_jbh";
dh]~Z fu bamqgZ_f a2NVbkkkiblblvh]l dedh]iNZdlhpfhHZqg_gby ~jm]bo nZdlhjh\ f
[ulv hlghkbl _evgh ihklhyggufb beb ih djZcg ¢ f_ j_  baf _gylvky g_
gZklghklb imklv bamgZ_Ilky \ebwdNZdligjhygy whtlukbx f_1ZgZ \ I_q_gb_ f.
WIihl i_pbhj f gb o0ZjzZzdl_jgamlHkydh mjh\g_f \hMdMiZdh ohebqg_kI\hf
f 1Zgh]_gh\ \ ikNXdIxj dZdhcl|_fi_jZlmjhc ihg\u \ keh_ h[blZgby f_1Z
(«kNzdlgj b I ~ Ilhkdhevdm f_IZgh]_gu jZafgh Zxlky ddbhbblh[dW\g kIl f_"e
hkglghf gZ 1Zdbo ]Jem[bgZo dm”Z | _fi_jZImjgu_ \hegu 1Zd _ ijhgbdZ
aZiZau\Zgb_f |h \ | _g_gb_f _kypzZ fth §H&dkjgkcandy f; dN & d kh Bconsg,
ke _~h\zZl_evgh wfbkkby [m~_|I A ckl\bl_eyvdhdhmgdppbcghkzddihZ |
hdZkhkyhlghkblgkeviukhdbf Gh \\_"y \ ZgZeba "Ziggu' mxs fmb fihkkypm
0ZjZdl_jbamxs_fmky ~jm]bfhbagZgkgbfyflzgt]l gh\jZImjdu m _ g_ fh  _f
ijbgylv ihklhygkl\h f_BNEZgbgpfs NZdEhjGZijbf_jmklv \h*Z klhyeZ gZ g_dhll
Mjh\gb ijbwlhf gZ[ex"Zehkv hij_~_ e _ggh_ agZqg_gb_ wEkbkkligbb rmhjhégy m
\h~u gbl_o Jem[bg gZ dhlhjuo h[blzxl f IZgh] _gu ijb\_~ | d ]b[_eb ag.:
ihwlhfmdh]~Z \h"Z hiylv ih~gpbM\éy [bhfZkKkZZgh[jZamxsbo fbdjhhj]l]Zgbaf
[m~ | kh\k_f AMpmklec *h\ZIl_evgh kh\k_f Ajm]Jhc [m"Q_ | imehvkk bym¥} g Z
gZlex™_ghcf kbevg__ azZ\bkbfhklv wfbklicoblthd NZ dlhjd_ hklZevguo nzZdl
ijbgbfzZxsbo kzZfdlagy_ agZzZy _ jgmygu_ i _jbh~ru \jKf2rgh]lhc klhjhgu \ kemq
Zlj_1bjh\Zggh]lh jZzkq_1Z gZijbf_j gZ hkgh\_ f_"bZg fuxdfinfi_fgkZpbHxkv ©\
jZaghgZzZijz\e _ggh]lh ~ _ckl\by jZaebqguo nzZdlhjh\ b \uy\le _gby h[s_]h
gZijbfi_k M=<

JZkkfhlj_\ lhqdb baf_j gby bf_xsb_ jZagh_ jZkiheh  _gb_ \ j_ev
m\_j _gghkkdXazZlglh Jh*"h\hc \dezZ”~ ba[ulhqgh m\eZ g _gguo e_kh\ \ Jet
f 1ZgZ 1j_[m_Il ijbklZevgh]lh \gbfZgby d *Zlyg htffmj Dtdlth qlybldrby\g Z
\hafh'guo i_jki_dlb\Zo bkke<Hihjy¥Xuwpdy g h[oh”bfZ IhqgZy hp_gdZ e
jZkijhkljzg_gby azZ[hehqg_lygsovetal,K RI2B@ -kihjuohldjuluf hklZ _|ky \mijhk
f oZgbalfiZzgkihjlZ 1ZgZ_j_\vyfb b jZkl_gbyfb aZlhie iglgklgZgklkhgghc
baf _ggb\hklb ihlhdh\ f 1ZgZ \ jZaebgguo IbiZzo\d&{hehfbggma bé gigh\] h
dhg\ _dib\gahjhghkz f 1ZgZ \ fbg_jZevguo ihq\Zo nmgdpbhgbjh\Zgbb khh
\ mkeh\byo hlighkbl_evgh g_[hevrh]h \ kggudgbgithm\EfbjJaghZkZ ~hkimig
mJ]e jh~Z

A:DEXQ?GB?

< oh”_ j_r_gby ihklZ\e _gguo az”~zZqgq ih”I\_j°» gh qlh bafulhggh
Fhkdh\kdhc h[ezZklb fhlml [ulv bklhggbdh\f Zhfkikmiejngbd ZKdGwIlh [ueh ihdZz:
g_fghlhgbke_gguorgg[iZlgdbeh]l]bgguo wdhkbkl_f \ "jm)bo qZklyo ieZzg_lu

Mkeh\by m\eZ g _gby \ebyxl gZ wfbkkbx f 1ZgZ \ baJulhggh m\eZ g:
mjh\ _gv \h~u \ ihg\_ | _f [hevr_ wfbkkby f 1ZgZ g _f \ur_ \eZ ghhklv | _f
| f[eZ]hijbylg_ _ wmKeW\d 1Zgh] g aZ b om ™ _ mkeh\by ey f IZghljhnbb
[hevr_ wfbkkby f 1ZgZ

BaJulhggh m\eZ g ggu_ e _kZ yl\eyxlky \Z guf bklhggbdhf f 1ZgZ
\j_fy d kh Ze_gbx g_ mqgblu\Z_Iky \ j_]bhgZevguo b Jek[XZéyghokhp_
highkbl_evghc fy]J]dhklvx debfZlZ Fhkdh\kdhe\jhlieZkibhcbgZjlb IJN wfbkk
f 1ZgZ \ hkalgfg\ k _ggbc i_jbhhylghzl kms_klI\ _gguc \dezZ” \ _]h J]h*h\hc i
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JZ[hlZ \uiheg_gZ \ jZfdZo ]JhkmZZikdbyggmdgbk!l_jkI\Z gZmdb b \t
h[jZah\Zgby Jhkkbckdhc N_”_jZpbb | -fZONbabqg_kdb_ hkgh\lu wdheh]b
nmgdpbc ihg\ | _ogheh]bb fhgblhjbg]Z ijh]jghdBkim” @jikRA\eg bl aB”Zg
Fbgbkl_jkI\Z gZmdb b \ukr_]h JhkKabkdgoby N_"_jZpb0B-2022 gZ
hjlZgbazZpbx gh\hc fheh”_"ghcEZ[W)jZlhjbyp bamqg_gby ijh-RjjZgkidhggh
baf _ggb\hklb m]Je _jh~rgh]lh [ZeZgkZ e _kguo b [hehlguo wdhkbklI»f\ kj_~g
X]hjkdhf JThkm~ZjkI\_dggpfbimgb \ jZfdZo j_ZebaZpbb gZpbhgZevgh]h ijh
mgb\_jkbl_lu?

\Nlhju \ujzZ Zxl bkdj_ggxx [eZ]h~"Zjghklv Fhg_d&mMihjk\X ® = [ BgklbIm
e _kh\_ "~ gby J:G hdZazZ\rbo kms_klI\_ggmx ihfhsv ijb ijh\_~ gbb hI® _ev
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