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MR B & B BUS [ SR 2B 2 P22 2 & (Intergovernmental Panel on Climate Change, |PCC)
AT LB AR AR HE G T B EE - R T KR E RE B EAARTHEANEERX - Hh2FTRS
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HET G I FHBE R BE & (Bhattacharyya et al., 2012) 5 JE S S - HIEQRE#HEEESG K
EHE T FEGE Y HEI & > 7K o3& B ER FH [ 81 14 ¥ RE (Al ternate Wetting and Drying, AWD) & {5 B e
PR A A TE AR KD > T R = R AR Y PR (5555 > 2000 ; Gaihreet al., 2023) > &
G BREZ L 7E 34 (Global Warming Potential, GWP)HYHARL » 4REFIZE(K T 77%8 FER - Horf SCLARE
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EER A " BR115E ) (B EERET > 2024) EHHEFRNEE T FFEEECR),

" RECERE(AWD) ;. ~ TIETTEEE(CN) , ~ TETER R AERREREER(CN+SR) § SFEEEEE 5 CFEy
Fa 88 FH SR U RE R 4D - T RE (R 455 cmi@ - AWD B IR % - £45#5 cmZR % i EZ 2 -15 cmT
B CNR#E eI AEs cmRFHEEZIEH » IEHE A —RUEREH » HEEKKE L8
o RAEREUHERT ; CN+SREETTEBIIEREERER ; FRCN+SRYM ~ 20247 —HH{E 2 AWD
g Heg Ry 2mE A5 -

B A AT RE R B FR e BRI - (AR S F B LETER » o BEE - —iB ~ B KRR
20237 _HATERE R =3 ZEN & P,Os ¢ K,O » 48Jji I & #5265 : 115 © 110 (kg/ha) » 20244F —HAfE
N : P,Os : KO - Jiff F & %255 : 60 : 80 (kg/ha) » {f<# HH el /KA A= e R U0 B S fige S B T E » i
PSR L Z BT EHMHEE - 20230 /KiE —HAfE - 8H 7H /Kigfdf 22 20234 11 H 22H Uy
& HAEFREOI07TK 5 20244F—FA1F » 2H 20H L £ 20237 H 8H UL E » 4845 KRB
139K »

— ~ KIEHPIRHEERE R E

ASHHF 5% (5 FH 2% Bf 2 % (Static Closed Chamber Method)4s & #8752 A 8a 0 i 5 - #E1T/KRgH
FHGE BRI 3 2 (Zaman et al., 2021) o {2 #8755 20888 70 17 68 7T & 00 B Be (CH,) ~ — &Lk
(CO,) K. 7K (H,0) (Li-7810, LICOR, USA) ; x5 77 AR %L (Wassmann & Aulakh, 2000 ; 5 £
Bl > 2023) > ZKFEH B HE 3 R 2 — R K EtE g R o > BE N0 7R SRR Ak
BiC & 7K A TT R BE P BE B A MR /KRS (38 F I R e & 7K RS T TR BEB% 51 £530 cm x 30 cm > BE5T )
THERAEEREE F30 cm x 30 cm > S EAMKKIEERIAZR - FHARSEZTEHE - &
%30 cm ~ 60 cm K290 cm > THE =60 ~ 90 cm&f > N ERER E — 5V /NRVJELRS o 1R Bh E N A e 1S
HE—) - RESMELNSD —EBBETEN > EHES Lt > ELEAA=ERAEEL
EAENREEZm AR T EET R AR SR REREIIEY - FhRIENE
B SR ROKEE MR B e - stEAKXAT ¢

VP(1—-W) dC

Fluxgas = ooy 273.18) dt
)
V : Chamber Volume, m® P : Pressure, Pa
R : Gas constant, Pa m*/k/mol = 8.3144598 S: soil area, m?
T : Temperature, ‘C dC/dt : slpoe, pmol/mol/t ; ppm

W : H,O mol/mol Flux : pmol/m?/s
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Fig. 1. Design of chamber.
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FHe RIS 72 S PE A H 8L - SR & 9% 12BE i 1% 1y /KA HH H b FE (B - AT 8UR /K AE 5 H
FPEHR IR AR & (R (RS > 1998+ Jiang et al., 2016) » 4K/t H 6] & 5 0 4 H OfF 22 1115
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(Fa+Fb)XDab

EMi = 2

2)
EM; = e B B /KRS H e ARCE » kg-CH ha™
Fa= HAM a HEYH B H PR E - kg-CH4ha *day ™
Fo= BAM b HEYH B HHFRCE - kg-CH ha tday™
D= % aHZ b HEAEAYH#
= EmBES EHNEE

KHHFE2FIPCC 2019:T RS - AKRH PR A EGT R AR - BlIPCCHER A
#.5.2 (Equation 5.2) > E Ry HGEFERUA 755 > HARKLT ¢

EF;, = EF. x S, % S:px SFx SFx SRy (KE)

EF = & H#ER % %((kg-CHha day ™)
EF. = EARGE > FEEE  RHARE 2 EREE Rt EARGE(EL32 Fi
0H1.22 » 7551085 °
SF, = FEREHGE  RKBEEEAEEGE > FEEE = 1 BITERSFEIEK
H{E=0.71 ZXH/KENHEGOER - AWD)E{E =055
= HAERTH EEEEEGE  FRUEERECRNEE30H » 3 /1 4% /4 30-180
H %805 2.41 K180 H £50.89 411 il i H B By R 1F 8 i SBSEiﬁzﬁ/E{%ﬁﬁw%OSg
= TR GE SR A > IPCCHEERE -
SF, = JKFEMmfE GRS HIEE I (58 > IPCCHEERRE -
SF, = AHEYIRNIIE B GE > STl

Ho Gy InE B (%% (SFo)A =41 » IPCC5Fd Equation 5.3 :

SFo = (1 +ZROAi X CFOAi)
i

(={rm)

ROA = ARYIARIIE - TR A » HERDURESTHE -
CFOA; = (5% ; IR ERT30H NEIFFA L = 1.00 W _HAMFHMEEE T 5 MR
FAREEE 30 H A& A (4805019 —HIEHEE H X HEx2FGE0
HERE (585 550.17... 55 -
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v TIREIRIERE

Foft - RUBR B R TR SRR B R AR Ry 2 T R R I B 5 2 3 Rk CHI G 4R 5% 72G600)
ZKAGHH ] 2 7K AL 40 55 o FH FET 2 B 1 38 1% B —FTFL 2 65 PV C/K A /KB 48 £ /30 cm» 15 cm
L 1T > 15 cmis i T > A B HELT HH 878 3 B R 3 2 i RORK A = S > 5esfokpr - +
e LEFEEA A TR EE BB FEE A (Lutron YK-23RP, Taiwan: Soil ORP Sensor :
SWAP instruments, ORP 30-1-BNC, Netherlands ) » /538 58 & — 2 DL b BT 0 GBS P &5 —ff
P

FEREET
—  KIEE R HAURR

& ET ARTFE 3 (Kriiger et al., 2001 ; Le Mer & Roger, 2001) » 7KFgHH FHIGEHER £ EHRE >
— Py ifs /K A E RS i R AH SR 1 - AT 2 8 % BA =0 RAS 70 M0 DU E 7K R A= R R HR e 9
B E - AEGERE R KEHEREEKLYI0H % » HESLEREALZ W NEERER
AREE > MRIBWFEER & > LIS LB R B AL Z# F-150% -220 mVHS » 7Kg I 7 & A & 00 B e HE
& (Qian et al., 2022 ; 5&55 » 2024) < FEFCHMG NN > £I1E20°C DA b - B ek g 2 g i - & £
BOREAE34.5205C /ity » e BRI & 2 B i - & 72 PR S F b BRI S & BH 8 T [ (Parashar
et al., 1993) - &I FHIEHE S b FERBEREHEIRN - A FEBERGEE - FEE
B (CRERE AT & A HETER > MR (AWD)AITETTRZIR K 1% » I BRI B E (K
(& =) FEMHEDERE T - [E1T# L (CN) R bR i B (CN+SR) BE S fH AT - HARE
RAEARE > PR EARAEZRES) -
Z TREREIE T KERNRIEHER

AU P RS S E A - B T RERECR), - THECERAWD), -~ TE
TTREBE(CN) , » CRRyHRALFCRERT - BRIGE H ELUSHE AT & 49 10H HE /K7y iEz ok - HiR T ml A8
OR¥F5 cmiy 7K Az 48 % 3 CN Ry R AL 22 e FH AT » 35 AT BE Or¥5r 5 emiy 7K (i 4 JFE - I FH 1% PROEREE 3 -
#KS emig 0 B E L REAFGK 5 AWDSHEIL10H 1% » PR e JE R liZ 2£-15 cm > [ 78
R EWHERT— 2 A o FELER - 2023FHYEE " HME - CREEINE 5676 kg-CHzha™t » CN A
346 kg-CH;hat » AWD %167 kg-CH,ha™t ; 1F 20244F 1Y 5 — BAE F » CFAYHE & & 317
kg-CH ha™t» CN A 76 kg-CH, ha™t » AWD 538 kg-CH hat (FF—) » /KigH FIEHER LR AR &
AET > HEHEEEFEG > EFEARSEEER > ARERMEVIERZERSH R » HIt
HENE AR PS> ECREHEF > HHENZHEENE R TE25
kg-CH,ha day™ LA F ¢ Z“HAfERiHA » BIBEEH AT - FF@&EENEH T - HE PR E a2 15
kg-CHha day L | » “R&E ECF ~ CNEXCAWDEH » WHa KHE S = #T HHEE > 723
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TTAEEBEE 2 ROKIR » HRBFER > S(LBFEM LT > P el T f£F—
HITET S - B IIE K H e H R E - CREREUKH I EHRBUR = - CNH X -~ AWDRAK -
ALK FE F B ] &R B /KRS FE FROGE DRI &2 AR T 1 72 22 o 355 DR /KK RS FH 1790 5 58% 157 48
A VHE i HH e R TS s ] R B 1 1.5-9% (5 > 2000) -

SLIETTERL(CN) > R KR B )% - BAHBEHE L - TERNEHEE - K
I 1 R O B B KBS AV ER 5 - 1A 1 B RE BRI - FEE IREE ECF - CN > AWD
AR ZERVEETTRN > BAREEA o M H AT R ET R BT B - A TR E AR R
AT PR R o R RE A B R & s 4ET
= TS ERE RIS R R

TEMETT R (CN) R AEFR R BR (CN+SR) i 2 > Sl & 45 57 - CNBE #2023 25 ~HAEIN BRI E
5346 kg-CHshat ~ CN+SR %27 kg-CHjhat 5 20244F 55 — HA{F CN & B 0y HE i & 5 76
kg-CHsha™t » CN+SR %55 kg-CH,hat (R —) - THIREEE NAVAE 2 /KIEHTP R b 21
B > B BRAEAR R DB > RTRCD B AR R 0 s AE R EUR B R 2 E A AR R E R E
HE BT EHPER10%LL T - BURTERERS bR o 8 R e - i — ~ ZHIFBRIEAY
EREEHEARE  R—HffEES -  MERBYES  “HFEEK  BEREREX - HILE
NEEAEA A ERIBEREA R - — KIS —ERY 2 EE e m e A T8N R ZHE
HIBFE A B & = — I - B A28 BUR TR FE S 2 4B O 7K R HH B e HE 0 360% » S B 4Y
19%-1100%(37 Bd 55 » 1998) - Rk ABHRARZERIN » SIEEEHA T IFRIRIAEZ£ > 40
IPCCE[E 2 A FEIFSFRENFE A T Y482 B (IPCC, 2019) » Z & h g & - —HI{FUFELI(E6 H
R RTH BA) > B T HIERVSERAE T H N RI8H BA) - RE DIRE 2 RS EN R A L 378 KA
2 IR BARRELE A N > —HIE R EREECR —BA{E /KRS H B b4 Bery iR o —BAFUR
FERFRTRE 2 1L H R’ iR —FATE 2 122 H f > B UCRE DR 2 AR B A - 05 ] B A /K Fa L »
AR Z2M A DL L > ZHAfE B E EE R ED > B LB A L2 iR B L
R R T IZRRERE S - T 1T I REZKEERE » B —HAMERTAY ROREEF (R 2078 » H e
SR EETER o B—BATE AT EA B e BRI - EEI4-5 R fORF S > BIREEMES g 0 B
DI FRFE YRR A - Bl A KEHEH AT aE - WAV Z CREE B - [EIEH®4-6 AR > hA
5 kg-CH,haday tDL LHERE » (35 AEGUERE R - THEAARFERG » FiIiER
& » {#1 kg-CH,ha tday 1Ll FAYHE & -
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Fig. 2. Alternate wetting and drying (AWD) and continuous flooding (CF) methane emissions,
water level, redox potential, environmental factors (temperature, rainfall), and field

operation timing via applying two different irrigation models as AWD and CF on rice
paddies.
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Fig. 3. Conventional irrigation (CN) and conventional irrigation with straw removal, (CN+SR)
methane emissions, water level, redox potential, environmental factors (temperature,

rainfall), and field management timing in rice paddies.



58 EE RN RS Fias s — NI

v IPCCEt BT AZRERFHBRER TN LLE

TRIZIPCCRT AR VIR BEI GG T e m - /KA e &5t E 5 7A— (Tier 1) 2 & HHE UG #ET
F7 R B AR AR B B E B AR B E TN I B A5 B« BA U AT FH 1 A R 8 B4 8 7E1IPCC
2019 AT LS R RS TR > 5 0E T (Tier 2) B s EL N 5 A —(Tier 1)ELHE o E 175 i 19y
HE B KRR S (GBI E B 7T - AR ERFHEEIPCCIA 2 58 » BIUIA T E A %
B KRR B R 119E > TIEE AR T B 2 GER T TSR AR KE L E
BB, ZBEGHE - NG 1198 R - B H SRR SRR BT EARGEBUER R R
BE1.32; EMEHEGE - KEBEABEREHEZR > CR AL CN2FERHE/K0.71  AWD
5% F50.55 5 dh ERith G HHE R E 0 BN 8 B30K » R EHE B AL “HIfFHMEHE - fBE
HE AT HHERT30H N EIHEE A T CFOA 2% 51.00 » —HAfERSIE A HHEE B30 B &I A 1+
CFOA 3t /50.19 ; 31 H M H BRI G EUE R » FeLLEEHHERE - —BAfE139K » ZHAfE107K >
PR S EE S IER N E - WEIHE R —FR o K& B HBEE 2 88 2 BN & PR E
IPCCHy % — st B E M T IE B 2 2 4R M B LRl - SR 7514 #{81.0514 ~ R® = 0.7890 : &% " +
BRI AREOKEmE GRS, MIET A —51.05 -

F—  AEEHENZ KRR E IPCC A —stEZ Bk E
Table 1. Methane emissions from different management measurements of rice and methane
emissions calculated by the IPCC Tier 1

Treatment- Calculated Messurement
year- SFw  ROA™  CFOA” SF, Valuer

Crop season (kgCH4/ha)

CF-2023-2 1.00 7.40 1.00 351 496 676

CF-2024-1 1.00 3.94 0.19 1.39 271 317
AWD-2023-2 0.55 5.50 1.00 3.02 234 167
AWD-2024-1 0.55 4.92 0.19 1.48 181 33
CN-2023-2 0.71 7.40 1.00 351 352 346
CN-2024-1 0.71 5.27 0.19 151 152 76
CN+SR-2023-2 0.71 0.00 1.00 1.00 100 27
CN+SR-2024-1 0.71 0.00 0.19 1.00 101 5

*|PCC 2019 Tier 1 method; EF.=1.32; SF,=1.00.
**Refer to Formula 4 of thisarticle.
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Fig. 4. Methane emissions from rice paddies under different management practices and methane
emissions calculated based on the IPCC Tierl.
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FIMER 2R TS eme EFZRDL > AR D B GEFRBUE30%LL | - fEZ B e &S - HATZ%
SSK R HH P B R 2 AR R TR AT R B - Ry o0 2 /KR Y PR e Pl 2 Z BT
TR DRI R R LA - Sy TR T O O A U DRI Ry - 3 02 B8 1 /KR FH R B R R
s B RN — - AITER ERRE R v AR RS bR - ] DUA SRR (/KR e pk i - EREAH
MMAZ RS2 ERRE > SRIER TE8E T 250 > Eu g E R ELRDE - IR EFIER
AR -

AFTFRE RS A FEVERE R - AWMEMRIRAREREZERT > BHUKMEHB Bk
Rz 5% HEEIPCCHE M at R Z MNP & - SR 28 /KR HE R G RE - Bk B AT
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DR ZEEE R T TS S R TRANE S - Har A F HEEHE Z B E - S RIIPCC
BT TR > ASBITZE 51 A &5 2R o] OR R AR IR PR (A Bkt e Bliat | 2 2% 057k - RAA LLgt
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R 4 5 S D 112 -14.1.1-F2- C() U S B A2 - U B -
ZER

1. EsRR - BHRERE - JEEET ~ A5RT ~ BRI - =AY - SRS - 1998 o R4 E S G SR
FRIERAS 2 A B RN B - RIZBENEEYAEZFE > 121-140 -

2. SREEYT ~ BRiE - 2023 - /K HBG &N TT% - fGE@EEESEN - 1230 2-5-

3. SREEST - BB - FER - 2024 o FI ] RS B EERETKH 2R = RARHEY - fCEEREE
afo0 127> 2-7 -

4. PRESES ~ ERE SRR GG MEE - SZEGR GHRR BIREE ~ EipE - sREREL - 2019 -
ZE PR e E N BUE R - tiPVE AR g - 2B RIS - 2EEET
FEEEFE

5. EE ~ HIUA - 1998 - GIEREKH IR H RS C R e B T - fLE@REEN RS
5 e - 16 > 41-58 -

6. =LA ~ MRELE - BERSE - 2000 - £HTEOKBIRTSOE MR 28 K H AR 2% - +
IREAEREY > 3(3) -
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| nvestigation of Methane Emission Factorsfrom
Paddy Fieldsin Central Taiwan®

Cheng-Han Yu 2, Chong-Yi Liao ¥, Yi-Chien Wu * and Zhi-Xiu Guo ?

ABSTRACT

The greenhouse gas emissions from agricultural activities are mainly divided into three
categories: carbon dioxide (CO,), methane (CH,), and nitrous oxide (N,O). The methane produced
during the rice cultivation period is one of the main sources of agricultural greenhouse gas
emissions. This study investigates the effects of three irrigation management types: continuous
flooding, conventional irrigation, and intermittent irrigation on methane emissions from paddy.
The survey results show that in 2023 second crop season, the emissions for continuous flooding
was 676 kgCH,/ha, conventional irrigation was 346 kgCH,/ha, and intermittent irrigation was 167
kgCH,/ha. In 2024 first crop season, the emissions for continuous flooding was 317 kgCH,/ha,
conventional irrigation was 76 kgCH,/ha, and intermittent irrigation was 38 kgCH,/ha. One of the
main reasons for methane emissions during rice cultivation is that under long-term flooding,
organic matter is reduced to methane, and the longer the flooding duration, the higher the methane
emissions. For the same crop season, the overall methane emissions from rice paddies were highest
in the continuous flooding treatment, followed by conventional irrigation, and lowest in
intermittent irrigation. In this research, conventional irrigation and straw removal treatments, the
emissions for conventional irrigation in the 2023 second crop season was 346 kgCH,/ha, and was
76 kgCH,/ha in the 2024 first crop season; the straw removal treatment was 27 kgCH,/ha and 5
kgCH./ha, spectively. The straw removal can reduce methane emissions by 90%. Additionally,
according to the IPCC default method for calculating methane emissions from rice cultivation,
which is applicable in this study, the local expansion coefficient for clay texture and Tainan No. 11
rice is approximately 1.05.
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