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ABSTRACT

Measuring and estimating methane (CH,) emissions accurately is important in rice paddy
field. For reliable estimation, diurnal and seasonal variations of methane must be tracked, and
measured frequently. The closed chamber method proposed according to the IPCC guidelines
is relatively cheap and easy to move, so it is widely used, but it is difficult to estimate
accurate methane emissions due to spatiotemporal constraints such as sampling time and
number of measuring times. In this paper, the diurnal variation pattern was analyzed by
measuring methane emissions four times at two-hour intervals throughout the day during the
rice growth stage. When the emissions for each time period were converted to a daily
time-weighted average, the diurnal average methane flux appeared in the time periods of 8:00
~12:00 and 16:00~20:00. Through our results, we hope to provide useful information about
determining reasonable times of methane measurement to researchers who measure methane
emissions in rice paddy fields using the closed chamber method in the future.
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HIEHCHy) 2] A5~ ISR Global warming potential,
GWP):= 10092 7|02 oS CO,) i} 281
o ZEgt 2471 o)tk (IPCC, 2014). 20219 7|&
Feluet 247ES JHES B Eoke 9F 3.2%
(21.4 HTEE COxeq.) 5 AHAISIAL gloH, o]F 24
7420 54.7% % WEHe R =oflA] HiEEaL Qltt
(GIR, 2023). =of|49] mghe T4 2719 Eh 1]
o] o3t f71Ee] 9714 &l e AH A
Ho| ¥e] F7]x2F(Aerenchyma)S g3, =&
32 Eofol| A EZ(Ebullition) FEIE wjZE= Ao
2 RIEY QJt} (Watanabe et al., 1994; Byrnes et
al., 1995, 1997; Inubushi et al., 1997; Yao et al.,
1999).

wollA sk Hig HiEde S35 St
Hoz:= ZMHTH(Chamber method)d} oft]z-&Ak
(Eddy covariance) ©]7]ARHo] <Qlt}h (Yagi and
Minami, 1990; Minamikawa et al., 2012; Knox et al.,
2016; Runkle ef al., 2018). HHHLE /1A Hxo]
5 WRlel weh rhaarRutEga] 2AH(Gas
chromatography, GC)¥} &)X 714 EA¥H(Infrared
gas analyzer, IRGA)S. & LES 4= Qlt} (Mondini
et al., 2010). 247}~ 4 WHe A9 4
H20f| ue} getAl =], 7taAmntE T e E o8
ok A TRt 7k HEo] Thsstel A4 &
Aof| 4-2]3t (Ferraz-Almeida er al., 2020) WHH, 117}
o A w8l ALl #F9) oo Qlal 4
T2 Aol A5 EAZE ek (Poole, 2015). vt
ofe}, 7k 23 & spAIRntE Teus) 9l A
AA7A] EFeloF sk oA 2%, 7Y, &
5o Hglog o] of=5d 7hs/de] etk (Jennings
et al., 1997). A4 7} BAHL Altjxlo g A5}
b w3 Ao R Fe Wt ghS S o QA
9t (King and Harrison, 2002), A|& 3ZAo|| &5 =
7k Jal Al2"E ST A9 Tk BA7] AL
ol FYU viEo] Thett R AR ddskal H=
2 dudon AEshe BUT 725 7L 9o
H, A7|& 9] FAR47 RS}l (Metzger et al.,
2016). webA], EAL TS0 x|Nt ofe] o] Ha
A golgt 7ixmnbe o] BANE Fo) ik
o SAVlA e AR sl 1 g
2lxel sl 2R ARHNE e Aol Fasich

oA e wgh &S AlsTHA e R Hefet 2
82le.g, BEY 2=, EF ASBIA, pH, =&
1 ol FFE A wh=t} (Datta er al., 2013;
Centeno et al., 2017; Liu et al., 2023). WA, o|&{3t
FFOE BHF Bl wEh viETe YS9
zol B e R SH5A BES T el gl
kA mntE g uE o83t Mo R o7 Fet
ek S-S AR es At 5] fsiAe =
2R} vE viE 54 et 2 A7I9} Sl s
A Q7 QItiHou et al., 2000; Meijide et al.,
2011; Chaichana et al., 2018). =oj|A] w|e}t WAyl
AF AR o Hak= oo F7IshHA 2ol 2thgk
S Uepd 5, oFRe AEsia AAe] e
(Adhya et al., 1994; Satpathy ef al., 1997). 7}~ 2
ohE TS o) §3t vek X S ol o
WiErs Hst ol Hotel RolAd, 24 9
47k Z71ehe 2o wol Felslojof sk, AejAl
7hos BARE ol g3t Aulo] vla) FhARulE 1)
& o8]t Ao 3t W Alzte] 71 HE 1
Qrehd o] Ae]#Ql A AV} ok 4= Qlrtk 60
of 7fe] HgY -5 HESF Aul, 44%2] Aol
shof gk ¥ mghS ZF o, 70%= 24 9Al
Al TIAL Alojo]l 235 AAIRE Aoz gl
(Sander and Wassmann, 2012).

T 0

A A stel T oiEk A o W B4
A2529) Z7o] ATEY] dEo] o o34
ul7}Ahge] oo 1527} o] Fol Al HolckHatala e
al., 2012; Maboni et al., 2021). S}A|TE, of| ] F-EAF
uZAbEe A 8 fA) Bt olgm, BHoR
HHoka U AolA] || gH o dRst

A= o]o} Biti= 31417} 2t Aubinet, 2008). H|=,
Jeong et al.(2018)> gk viETFS A=FaFstr] ik
SHF B 241X 7t 0 & TiAg mntE T u]E o]
&ato] Aw WE5S HABFGANL B e 3
SHERE SA5151 7] wiZe] A4 HskE 45170
+ olg&ol Slslth

A, & Aqte] HA2 AldE] Hilel wkE 21
et =0 A9 wgk s AWHILE A6 ¢1s)
2024w AQui7|7t 5 6 GEE 9L7HA] F 43] 4
AL, HE FA g A 3Nk



Kim et al. : Analysis of Reasonable Sampling Times for Measuring Methane Emissions using the --- 201

AR AEEMAAE S5 o|Are] $IX/et
ATele ) AE = SR 350 50 03" N,
ZE 127° 02' 40" E)oj|A] 2024 0] 3= QItKFig.
D AR A EAe] wgah aRE)s wE A4
ou, MR dzo] 58 F 7heo] 82 AAUT
o3l EoF Mot AA AL 27t 49 259U} 49
2890l AATBHEIL, T4 BHA] gk ool nh Ay
o W RS AAlskch el olof 42 2 64
39l B4 stoick Bkl w A 712k Fek A
Y42 fASATh A =S FECIE 23.7%, Tl
48.1%, e 282%)2, A3 A Eoko] o|slsla B4
£ Table 10] A2]5tsich

2.2. B KHHY e

Aol AR B FE2 eRoR, Q4] A=
30 x 15em(803/3.3m%) 2 6 7] 714 o]3}%
th A= 5228 AEE AHAY7)E(NAAS,
2010)0] 2]73}o] 10aBHN-P,05-K,0) 9-4.5-5.7kg =
AJulstdct.

2.3. HIEL =3
IPCC 7}o]|=2lRI(IPCC, 2006)0f whet Hj213 W

e
R e

H(Closed chamber method)S ©]-835}0] = W 9] F£Q
WEAE A it jEE stelsh] )
sl el7]el 691 259 841 62 269 641, £
47190 79 259 8A1E 74 269 641744, E4712)
8 2991 8AIRE| 89 302 6A7HA], T1a]1 547]¢l
99 1991 8AJRE 99 202 6A|74%] 247k 7HA o=
sl 53 % 128 ojek wlEE Ssislch As
7k, M2, 0l 22 60 x 60 * 140eme] W g
o] £& ofaY AW AHEHAT WL 62 102
of 3213 REEe= HAslth A Yol H= 83
£ olYstdion, = vl w7t & nAEEE 1
AR gfo] 5 Fof AAIZITE i UjEe] B
s g 5ot sYs 2o g fAI8h7] Slsh
e At oF ol 27 o R ofEgs ¢ e
e Azstelen, 7k Alm A5 AE Alelskar
= 2 7skelich 7R AEREeE A W HaE
5719 &ghs fla) At 57 ¢FE ol W(Fan)S
AR =Bl A e A shdoll= el
1714 24w 5o} o fo)] gapidelset =aEo] &
Y 5 TS A Sem?l S FoH, =&
Eo|7} wol o] ti7|& Eed A9l -8 v
2 upglch s Aol oF 30em o] AH|¢12 A 2
o] ¥ AAJsto], F=AL|(Syringe)E A HAH W
gk 250 7hsstes SHlaL W vh= ol 3
Wte] 7] Haks S 4 e E=AE BXst
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Fig. 1. Rice paddy field of measuring CH, flux by closed chambers in Wanju.

Table 1. Soil chemical properties of rice paddy before transplanting

Exch. Cations

pH EC oM Av. PzOs 1. k -1
Year 1 o1 0 (cmol. kg™)
1:5, H,O 1:5, dS m k; mg k
( 20) ( ) (g keg) (mg kg™) < ca Mg
2024 6.7 0.31 24.7 7 51.5 0.3 49 1.5
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Fig. 2. Schematic diagram of closed chamber.
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T = absolute air temperature (273 + mean temperature
in chamber, )

o+ W&k vjEeK(Daily time-weighted mean CH, flux)
S Alikslo] oS wE-g(Relative CHy flux, %)& U
EPdtiMinamikawa et al., 2012).
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Fig. 3. Changes in meteorological variables from June to September in rice paddy; (a) Air and soil temperature,

rainfall, and (b) Eh.
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A (ATMOS 41, METER Inc., USA)E Alg 2%
THPEARE] O] =Rl ARSI, 22 2= AlA
(RT-1, METER Inc., USA)E o] g3} ] ujz oo
AwoRE o 3em $lo] AAslel Sgsleck 2
= 45 =2 tﬂolEiiﬂ(ZLé METER Inc., USA)°]|
IAIZY 7Aoo 2 ZAEFga, dokela Wglslo] AR
3}tk Eh 24 Al /\‘](ORP 40-4-D, SWAP instruments,
The Netherlands)E ©]-&3fo] E9F Z1o] 5~10cm2]
AEkehd A9 9 RS BE5eIch(Fig. 3).

26. £ 2M

71 Mol gt EA0ko] AHEA2 R (ver.
4.4.1)L o]&3}o] Pearson correlation £-415}33 ).

I Xtz A ALS SE

2o ALA] F % 48l0] A 2 B 2412
et 2 W A AR lexce)) TAE 7]

sty ZIB E(Github) UAju|2o] PEE= FF9ct
(https://github.com/HYUN-KI-KIM/2024-24h-CH4).
ISR AbEol| it A2 Table 20] ol vle}

A

64 9U7PA| 9] o et vjETES Fig 4o UEt
Wieh 78S Aefstar Fe FRof High viEwkol
Z“JEHOIE‘JI Xi"qi'i Aol Zrasthe ARYEet A8t
= HAAck 6 4710 4 HiEFol Ald
‘%%2‘11, FLYE71NA A7 = Fof7he 8
dofl Al =30tk ol= A WSl w712 B A
29 7L Hol £ 4= STt wE FrIRAorR
B o] gt HH % 7t 5ol &gt Ul AlmEw,
2o As2A AHEE A= AR 1]
g lEE “41-‘?'—{ AlEA9] B7124E 8l FzolA
o)) 2] 7] wj&Eof|(Nouchi e al., 1990), ¥ AJSo]
wet E7]9k glo] M B4E ol o 4 ik

207 AR PEFE 7} ARk vk vlEego]
S BUsl MEPS ol A= GRY £ Sl
sjofstiat IR AR 715 B Fig. 5ol Lhek
t}h 6€EE 9Y H5FE 8:00~12:002} 16:00~20:00 A}
olo]| B3 1—(§]Aﬂ oo:])_ eERR T, As) oAate} o]
glck(Satpathy er al., 1997; Parkin and Venterea,
2010; Minamikawa et al., 2012; Jeong et al., 2018).

87 712, AL, 42, Eh, U Ak} g
WiZe] APHLAS Table 30 Hejsheich. 7]

Table 2. The format of the uploaded data files in Github

Column Variables Description Unit
1 Date Date of measuring CH, emissions YYYY-MM-DD
2 Time Time of measurement hh:mm
3 Chamber Chamber No. and rep.
4 Temp B Temperature before closed T
5 B+273 Absolute temperature before closed K
6 Temp A Temperature after open T
7 A+273 Absolute temperature after open K
8 T avg Average temperature before and after K
9 273/T 273 divided by average absolute temperature -
10 V/A Chamber volume (m®) divided by base area (m?) m
11 At 0.5 hour (= 30minute) hr
12 CH4 B CH, production rate before closed ppm
13 CH4 A CH, production rate after open ppm
14 ACH4 Rate of CH, gas in chamber ppm
15 ACH4/ At Increase rate of CH4 gas during 30 minutes mg hr’'
16 o CH4 CH, density (= 0.714) mg m>
17 FCH4 CHy flux mg m? hr'!
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Fig. 4. Diurnal variation of CH, fluxes at different rice growth stage in rice paddy field.
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Fig. 5. Diurnal variations of relative averaged CH, flux. Horizontal gray shadings indicate intervals where
CH, flux are close to the daily average at each time window.

Table 3. Pearson correlation analysis between environmental variables and diurnal CH, fluxes for three times
of the rice growing season

Environmental June (n= 12) July (n= 12) August (n= 12) September (n= 12)
variables r Prob r Prob r Prob r Prob

Air temperature 0.27 0.3899 -0.19 0.5461 0.89 0.0001 0.88 0.0014
Soil temperature 0.07 0.8303 0.70 0.0121 0.22 0.4821 0.02 0.0002
Eh -0.56 0.0561 -0.75 0.0046 -0.28 0.3820 0.26 0.0017

Water temperature 0.02 0.9479 0.06 0.8556 0.82 0.0011 0.80 0.4138
Solar radiation 0.37 0.2353 -0.62 0.0326 0.76 0.0039 0.81 0.9414

* 1. Correlation coefficient, Prob: Probability levels
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