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ABSTRACT

Accurate assessment of greenhouse gas emissions is a cornerstone of every climate change
response study, and reliable assessment of greenhouse gas emission data is being used as a
practical basis for the entire climate change prediction and modeling studies. Essential,
fundamental technologies for estimating greenhouse gas emissions include an on-site
monitoring technology, an evaluation methodology of uncertainty in emission factors, and a
verification technology for reductions. The closed chamber method is being commonly used
to measure gas fluxes between soil-vegetation and atmosphere. This method has the
advantages of being simple, easily available and economical. This study presented the
technical bases of the closed chamber method for measuring methane fluxes from a rice
paddy. The methane fluxes from rice paddies occupy the largest portion of a single source
of greenhouse gas in the agricultural field. We reviewed the international and the domestic
studies on automated chamber monitoring systems that have been developed from manually
operated chambers. Based on this review, we discussed scientific concerns on chamber
methods with a particular focus on quality control for improving measurement reliability of
field data.

Key words: Methane flux, Rice paddy, Closed static chamber method, Fully automated chamber
system
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(Annex 1)© SAZLA vlEer A, WL, AZA7
(Monitoring, Report, and Verification)7} 2 ZF53=0] 4
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Z=HAnnex [)& oYzt =7} H1A(NC, National
Communication)?} Z@{78A1R 714 (BUR, Biennial
Update Report)E 7] $H3}E 2HUNFCCC, United
Nations Framework Convention on Climate Change)
of AlEskar ok E7t EluElE 20149 =7F 24
K PHEE B SRR ZEWS Sk, 2015
i A Al sAAE] =7 27 S
F(INDC, Intended Nationally Determined Contributions)
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and Ericksen-Hamel, 2008; Yao et al., 2009; Uprety
et al, 2011; Jeong et al., 2016; Ju et al., 2018;
Khokhar and Park, 2017; Pavelka er al., 2018), &4
74 S AT wjETEel gt arEkol| wol 2
EtHKhalil ef al., 1991; Yagi and Minami, 1990;
Sass et al., 1990; Lindau et al., 1991; Wassmann and
Rennenberg, 1993; Ko ef al., 1996; Kim et al., 2002;
Shin et al., 2003; Zhang et al., 2010; Seo et al., 2011,
Ju et al., 2013; Hayashi et al., 2015; Kang et al.,
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IL 2U - 2| #eY 7|& 58 24

2.1. 7|12 fl2|

AAR = 544 CHy E82 34 71e=A 7FE
g ol §Ha Q= HlAE A A R(closed static
chamber method)’ 2 EFEHo| HlEto] Qli= ARKA
H)E XS CH, S2 Wslod Belag s
= Aotk e e 23 7] 5 CHy 3]
(mixing ratio) 5 A|7te] $r& 7|E3}4 Eq. 19 9
3 ZYA(mg m* h")E AP3ItDenmead, 1979;
Minamikawa et al., 2015). &7]4] V= gHo] i
(M), A= AW LAHF(m?), pP, T)i= FH HE
o] 7154 A ¢e(atm)y} o 2&=(K)ol A 9] CHy
U(mg m”), C= CHy 2| 53] 5%(ppmy), dC/dt=
=7 ARKdY FCF M Wi CHy E30|(F)H] 5k)
of A1%AR1 Aold0)olek. o M-S CH, ) ]
2 H7] & AF7IIHEE 129), Foll 4] W= &5
(2F 24 mg L 20T, 1719, LubzQl v ARE
3} CHL©) We AEAgolels BoN B8Er}

1’4 dac
Fen, = 20 D5 (Eq. 1)

iR SO M= CH, Sel20] 48
ol A2 v f 2% widtof| gt 2 (Tinda, Tiinat)
& mefst, W et 9o et Holt TAja
4= Qlthal 713t} Eq. 29F ZTHFAO-IAEA, 1992;

Xunhua ef al., 1998). ¢]7|4 h= AW {8 =9|
(m), p(0C, 1 atm)i= FEZAEoAe] CH, UE(mg
m?), C= vge] a1} ie(ppmy), dC/dt= 7 A7k
(dt) B2t e W vlet S5k (R n] Ei)o] AP
¢l ZJo)(dC)olrh.

AC 273

mmalz fmal) (Eq 2)

& o3

Fey, = hp (0 G 1atm)

RS 22 B8, S48 AR, F2 A HoA9]
f3h= 550l ¢ f-8-35FKRolston
et al., 1993). i} FAAof|A 2A7FE FYAE
SAY = 2zl digt 19 Hde FAag)skal
2|zt Apdell 717ke: oA S ofok 517 wiiE
of e Aol wE Q191 THdo] WA Sk JHH
O] A HB7] QI3t 71w RA nl7|dehs wiHo]
1990 SHHLE FH3AE Zget AejA S nl=F 7t
2 gt thsf @ 574 7124 NEE7] AZtsE
At Raupach et al., 1996; Lee, 1998). n]7]A}HA]
2 di7] 5 7AlE e AR} 78 n)rde
2RRE FYAE 4SS Wiolth 7o s B
9 719k m7)gekA e AFg A o2 100~1,000
m*9] Bl Je o] tfgt TYAE Zg5h| of
Bol, Yuk o 1 m® vjgte] Yo =

o gL 7R gk £5=0] Webrt Aes] 2 o A
¢l e ARSItk sHARE HSA|LE 9] AdAH]go]

ApejE oz e, AR A4l Belrt Ba

Lror

Table 1. Summary of flux chamber and micrometeorological methods for measurement of CHy4 fluxes from

a rice paddy

Chamber methods

Micrometeorological methods

Principle
placed over the land surface

Short-term changes in concentration of a gas|Trace gas fluxes transported by eddying
species of interest within a sealed enclosure | motion of the atmosphere from the extensive

uniform terrain(100~ 1,000 m?) measured

electrical supply

Possible measurement of small scale in time
Characteristics | and space and no extra equipment required for

Flux-gradient  techniques require  accurate
measurement of gradients of vertical gas
concentration ~ wind  velocity, and  air
temperature above the emitting surface

Simple, relatively inexpensive to

construct,

Non-destructive and continuous measurement

Advantages easy to manage, and suitable for comparison| . .
& Y age, P with rapid response detector (1 to 10 Hz)
between various treatments
. . . Expensive equipment and more difficult
. Intensive-labor and disturbance of a site due p . quip
Disadvantages sampling and measurement procedures than

to chamber installation

chamber methods
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she, S48taLAl sk Aol oo stE= o
2] AEzke] vlaofl= FAEst(Table 1).
AHHL =2 5O z1=35l87 28% 4~ 9tk %
71 ele] CH, 554 AR A3 AHE ol54,
A FHE 0] FHE wolr) s|EHoR Ak 2
AIARRE =of FRA o R ujgE HhE A LHH
O] el A AR AR A |(syringe) 2 57
A AZIsiol A GCR Fato] Bl ol
3 % Ao AL A9 H|8S vwF APt
Aol OlEHAS 97t ARK} B elo] Tiet 48
], 32 AR Al et viEE 597] oYtk
o] Qlrk WhHe| Abs e HAE g4 Y
(closed static chamber)o|49] X5 Al& AF e} 712
aRuEIHu-EE  o]23H4=7|(GC-FID, Gas
Chromatography-Flame Ionization Detector)E ©]-&
g 2bs 240l 7125 FAL AR AFEE A7
Ao HE e o Aoz Zrh=
ot} ol fleiie 7IEA o= A At & A5

sz 3] AR AR AT, Holtl 4%
A9k QAR 72 5w B ALE Zolof it

t“]l':oﬂ*i H]'EEV‘ CH4 é‘;‘é% 1981 vl ]
1o} Ao seoll A A5 WO Sslof wieo]
CH,9] & uj&do]l EIEIcKCicerone and
Shetter, 1981). 1987d &5 18] 9]|A(Griffith) A
=M Aa vE AR whE opilehaa & A
W o2 =35} ul ¢l O m(Mosier ef al., 1989), Y&
ol A= 1988 5B H=ofl 4] MO = CHy HilES
Z24517] A28t Yagi and Minami, 1990). 2%
= x%ﬂ /\]E;‘(H_ﬁ =i \:IA—I /\]/\EN_Q_ 7H|:H—f,—} /\].;,q]h
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ek 24 W2 A(bellows) HEZ2 F7]xo= 7}
HHF ] WRERE 37] ARE AfFete] 2H%)
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ZY 19| A HZE A= 9F 0.05 mg CHy m? h!
2] 1A17F B2 ¢F 0.1 pmol mol' Q] Z7HE0 = wiA
7] =<l 2F 2 umol mol™2] 5%¢] sg5}9ict.
olF migow e A5sh Wl Pejgo] 9)
= A v]Z ALA(IRRI, International Rice Research
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Methane Measuring System)2kal & #] ¢lcl. AMMS
£, Aoly), Zha BAY) 84 mUEY 49
(uni) 2.2 FAE o] glom, I | Q1Hsle] HA2|H
ofe] AN 35 8~128] A ZAo] Fhsate]
75 Ao RE w3 ok v BE ARY HE
3 vl Ae) A wake sjebet 4= glck. skl
A2 8 Al B Hlgo] 28FI S g
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ok AFF A 05 mie] = WAL sk, 2]
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2~
ro

A& 27} 7sshe= AAE 2= 719 A
R 28y 5 d A AlF|Eo] AF
of mls iz ez AHshr] whize]l Hefp v
g g qlon, B Ry AR nF 7k
A9] 1A ¥EA(spatial variability)S =435}
it anbgoz AbgE 4 ik

UE I FHEH AT A(NIAES, National
Institute for Agro-Environmental Sciences)of|A]&= =}

53kel CH, BUEY A2519) 2% Aol 45 3

T

i

o >~

ry:)

HE 1991 38E 1993W7kA] W A&7 7k AR
CH, vij&)ol tiste] BEarsllck(Yagi ef al., 1996). 7k
A 28 Aus A 144 mi(1.2 mx1.2 m), &0]
1.5 m 37)9] £93t Z&|71Y|0]E(PC, polycarbonate)
Pz Az Glen, AHs o' CHy AlmE A5 skl
Ao] 7heRt A H AlAHlo]tK(Table 2). ¥ 72t
717l Z74% CHy viEeo] 54 AuolA o =
2 A= B, ol AIEAFH AlRro] 11A] el
eiElo] A Wit FYA grEch o A vl g

Table 2. Characteristics of fully automated closed chamber methods in previous studies in domestic and abroad

Country of study site

Characteristics of fully automated closed chamber method

Reference

(performer)
- Chamber materials: colorless, smooth, plexiglass 3 mm thick and
aluminum profiles
- Chamber size: Area 0.4 m” Height 0.9 m (inner volume: 380 L) / plot
Italy size: 1.5 x 5 m
(Italian Rice Research |- Top lid operation: pressure-cylinder Schutz et
. . . al., 1989
Institute) - A fan mounted on the inner side of the cover
- Automatic system: chamber-sampling unit with sampling loop-
GC connected to a two-channel integrator, the magnetic valves
controlling the air flow in the system are operated by a microcomputer
- Chamber materials: transparent polycarbonate
- Chamber size: Area 1.44 m? Height 1.5 m / plot size: 50 m’
Japan - Top lid operation: automated shutter driving by an air valve
(National Institute of b P P &by Yagi et
. - A fan was attached inside the cover
Agro-Environmental . . al., 1996
Sciences) - Automatic system: chamber-sampling system(drawn by a metal bellow
pump)-GC/FID, the chamber and the sampling system are operated by
a microcomputer
- Chamber size: Area 1.44 m’, Height 1.5 m
. - Top lid operation: air compressor cylinder
China .
. - A fan was attached inside the cover Xunhua et
(Chinese Academy of . . .
Sciences) - Automatic system: chamber-sampling system(drawn by a sampling pump)-| al, 1998

central computer

GC/FID, the chamber and the sampling system are operated by the

Republic of Korea

Chamber materials: transparent acrylic
- Chamber size: Area 0.36 m? Height 1.4 m
Top lid operation: air suspension

(National Institute of |- Fan installed on top lid and side of the chamber Jeong ef
. . . . . al., 2018

Agricultural Sciences) |- Automatic system: chamber-sampling system(controlled by main control

board)-GC/FID, the chamber and the sampling system are operated by

the main control board
- Chamber materials: transparent polycarbonate
Republic of Korea |- Chamber size: Area 0.36 m?, Height 1.2 m / plot size: 80 m?

(Gyeonggi—do - Top lid operation: electric cylinder Tu et al
Agricultural Research |- A fan was attached inside the cover 2017 ’

and Extension - Automatic system: chamber-sampling system(drawn by a vacuum pump)-

Services) GC/FID, the chamber and the sampling system are operated by the

control program
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[¢)
He
Ll

= 8H(CAS, Chinese Academy of Sciences)
oA Higk Ble= CHy HiE® 342 $13F A3
AR A2 =02 E °F 50 m A 2ol Sl=
AEAL B3H Aol S 243 oz oF 5 m’ ] m
o} 8719 H7t Qe = Al R A7 38R
o7 LEETXunhua ef al., 1998). AF Aol Fo)
AoIA A Z5FE, ARFHE FZ, FEAA Al
g, GC-FIDE E3sh= 7k #44= 553Uk

Manual sampling lina
——

Tempsrature sensor

M =
> ]

AA S8 A Aol datel wet d W
7h AR AF, AR ol ARS] 425 A, GC-FID
B4, A5 153 Ago] Ao EAT A
TH(Table 2).

sfe] AH|S] B ARsE $1%t 71 iE A
313 glonk B R 24 UAhE(aw data)7h A
sl qx) @i, 7Rl CHy A5 24 A2l

Ao AE] 1% A Hhek B olg )
27 B3te g7} At AN Eo] UA ghe A
olck.

(a)

Aur suspension

Control box
- Channel board

Pawer onfoff
Fan an/off
- Lid onfoff
- Auta contral
= Auto sampling line

Back side

(b)

<) Automatic chamber=

5

\ & Auto analysis
— by Gas
chromatograph

Fig. 1. Scheme of the automatic closed chamber(a), the automatic sampling and analyzing
system(b) employed in continuous measurements of CH, emission rates in rice
paddies (adapted from Jeong et al., 2018).
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2.3. MHO| 2 7|& 5§

ool FEEATEUOIN 19936R
of HHF HHHE A-E3to] =o42] CHy vi=
2 S AGE ARSI Sejue) %9 4
H2& AA AH(manual closed static chamber)
87119] (kY] X WA, 0.15 mx0.3 mE &

booolt mlr =
1>
o o |

i)

g 4= 9l w2 0.36 m*(0.6 mx0.6 m), 3=°] 1.0 m
37|19l Zejotad ZatAEH(polyacrylic plastic

plate)} ¢FulE B2 A= o, A Ad F=
70| Zhzl= oF 4590191t Shin ef al., 1995). o] B
0.2 2A7F oujof] oF 30712] RolA ABRE A F5}
o] AZF 30~404 2] AmE 24T 4= okl Aijk
&FItHShin ef al,, 1995). o= 1990t Zu} thA|
oA A=l o] 7hsskal x| HE- HollA A
Holal WHEA|EA7EA] =83 4= QLS TedlE =5
4 Hag Aeol}. 454 HaAEg e 2000
Al SR7HA] &8 7hssh AEAQ] 323k whe
2 AQd=o] 53] HeAl G5 dAlo oE CH, Hf
=5 A Z-8ETHRDA, 2005). E3F =7} Al
iESAl4= 788 CHy Z82 =25 A7) flal 471
B, AE o A9 g A XS fRIE A1

A 457 T A AP o] 1e
REH(Kim ef al, 2013), Bli= f7]& A& 2AAS
ko= Mwrio] AREEATHJu ef al., 2013).
=Y E A stAA Tt FEA] AT s
S A" 2A AF e, 5 AlojH(main
control board), GC-FID& F£A=]o] QIch(Fig. 1).
Wo) AL 9 Eago] o ofad 24e] £
AHE, 712, N=, =o]7F 22 0.6 m, 0.6 m, 1.4m
A7lo|tk Abs A SWHoll= 2AVIAE 5 A3
W B8 7Hstes 2E| ¢l e X(stainless) A2 9
o] Ax|wlo] ek A Ao £ 5T A%
2 7} 7EssteE 27] 2 d(air suspension)
= P2t Table 2). stetoll= Gdeiols] ==
of A T WO R LS 4 JES oo
1714 297 5 ome] o] Sick, A o] LEvst 24
& 9ol LEANE Axsion, AT £43 S0
ol g7k 3 E57(fan) S X5k A
¥ SjZolliz Aofuiazl AA|Eo] YL Hhs ol
A'd H E(channel board)S X5} 7IAA|R A=
@, 3] Al B ), S 27, 287 715 5o
5o Aot 7MsetEs shglck Zzte] Aus

|

[T=] CH1~7
 — | 1
= # CH: Chamber ogm |CH7
(R)
/ \ 1
VACUUM 5m
PUMP (10L) CON F.EIOI Dﬂ-(iGRAM.
e
SN VARIAN GC
(CH4,N20) g, [0 CHS5 CH 4
30 ml
__[ MuLTI PORT | :
200 miSAMPLE HOLD). (15 CH) —
(16 CH) CONTROL | giyP™™ (|5 m
| .| HARDWARE
POWER 1
VACUUM SUPPLY 5m 9m 7.5 m 5.5m
PUMP (6L) SWITCH CH3 CH2 CH1
HUB
Scheme of Observatory Scheme of rice paddy

Fig. 2. Scheme of the fully automated closed chamber system employed in Gyeonggi—-do Agriculture
Research and Extension Services in Korea (modified from Ju et al., 2017).
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7k AEERL, ofojgil # g A 2Rlo] 5
Aojo gz =] qlo] ofz] Jujollx] FAof Hg
A= MEHo] 7Fssith ZF Aol A &Y H Alm
= Aol F1Zol AXE f2AEe] 50 ml vialof] X
e 2R 7FA A RS GC-FIDE o] 838) &34
o7 BA=tH(Jeong et al., 2018a). o] MHo|A &
Aol A& AHH7F 7hset A e A A"IRL -
SAE A Zolo] FAA Al My 1k f12] 9
ol, A 7 &7 A9 zolZ QIR EFAALS

A 4= Q3L 4 35E STHA B &
5 A 5 SE AeE FAH

T3 A7 w7 dolMe = 2ol HiaE 3
H(Shin et al., 1995)¢} A2 =H5ALE et 4
o] i (Yagi et al,, 1996) 4= arsto] Tz
0.36 m*(0.6 mx0.6 m), =°] 1.2 m =7]2] PCAA
£ A= ARl mAf et E40] ks Aks
Al AR FHESIQIk(Fig. 2). 7L AR Al =4
oAl oF 3 m Hojxl 247k EAAZIR] AlmAF
2}Ql(Teflon tube)o] AZAE|o] §lom, 7F7Fo] A|g=
HEZLEQ} 167]9] A5E AYE 4= e e 24
715 AA BA710A AlmE AR Table 2). H
of|A] FA7I(GC-FID)7HA] Al 2}l dol= 2|t 50
m Frojm, A5k A 5E olFH 4= ks el
A ASE7| 2 AT & ARSRITE TR RS S
23], mj3] @74 10~11A4] Alojof] Zlg-gZo} faFx4
71e] 2l8] 200 ml min'¢] AT SLoT | H 30%
7t 2471 AE 32317)(30 ml pyrex 3D QFO 2 XLt
7h oF 1027F °F 30 mlQ] 7}A A&7t AFEo R &
A=lo] GC-FIDOA EAET) 7k A& 2|F 7HE2
Au o] At Lol Al AdefellA 132 RJHT & &
S B 30+ A £ 227 AmE AFste] =
WIS Sk, Alm A3t sAlo Hx 222} 30

S 25 7|8, ===RE Y AR &
=O|& ZAFSIO] Eq. 29) &350 CHy, &84 Hi=
S AH5ktJu et al., 2017).
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Table 3. Comparison between manually operated and fully automated closed chamber methods for measurement

of CHy4 fluxes from a rice paddy

Manually operated closed chamber

Fully automated closed chamber

Scientific concern

easy to apply direct measurements
for very small fluxes on local scale

chamber enclosure effect

simple and relative inexpensive to
construct

more complex and expensive to
construct relative to the manual
chamber on.)

chamber materials
(eq. plexiglass, PVC, PC and so

no extra equipment requiring
electrical supply is needed

extra equipment requiring electrical
supply is needed

simplified extra equipment

labor to install and to remove

disturb the soil

limitation of sampling time and

easy to apply continuous or regular | manual or automated sampling bias
labor sampling without extra labor

or temporal variability

easy to apply in another site

difficult to apply in another site

representative sampling time or
spatial variability
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