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ABSTRACT

Paddy fields are considered one of the most important sources of anthropogenic methane (CH4) emissions.
Drainage of the flooded soils can reduce CH,4 substantially, but rice yields can be variable depending on soil
drainage. Therefore, to reduce this variability, water management effects on CH, emissions and rice yields were
comprehensively analyzed in paddy fields of countries similar to Korea. Here, we selected 161 observations
of water management and 174 observations of rice yields from 28 articles and conducted a regional-scale
meta-analysis of the effects of water management practices on CH, emissions and rice yields in paddy fields.
As a result of the analysis, we found that water management practices in East Asian paddy fields reduced
methane by 60.5%. Water management practices in paddy fields decreased rice yield by 5.8% but there was
no significant. The water management practices of the paddy fields with a high CH,4 emission reduction effect
and no impact on rice yields were alternating wet and dry (AWD), flooding-drainage-reflooding (FDF), and
moist irrigation (MI) practices. Therefore, it is considered that the above three practices can be applied in
Korea. The results of this study are expected to predict CH4 emissions and rice yields generated by water
management practices in East Asian rice paddies in the future and be used as basic data for the development of
national unique coefficients.
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AWD —— -43.4% n(77) AWD Ll -3% n(72)
FDF = =l -40.5% n(18) FDF L 3] -1% n(21)
FDFM —— -60.5% n(27) FDFM i -8.6% n(21)
FWI —_— -64.3% n(3) FWI [ -6.8% n(3)
M —_— -61.3% n(18) MI _— 4.1% n(33)
RF - -79.6% n(18) RF - -18.9% n(24)
Mean —_— -60.5% n(161) Mean — -5.8% n(174)
-150 -100 -50 0 50 -100 -50 0 50 100
Response ratio (%) Response ratio (%)
(A) CH4 emissions (B) Rice yields

A response ratio of CH,4 emissions (A) and rice yields (B) by water management types.
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Introduction

AFIE 0], FQ 2A7}A ] o] kSt A (carbon dioxide, CO,) 5= 410 ppm (+47%) 0 &2 271519117, wet
©] (methane, CHy) 1,866 ppb (+156%), ©FxFe}& 27} (nitrous oxide, N;O) 332 ppb (+23%)7FA] 5753t (IPCC,
2021). ol A viESH= A7 A HlEZES- 5.2 - 5.8 Gt COs eq. yr' & FAE W, AA) vlE7F] 10 - 12%0]] st
T} (Smith et al., 2014). ©]Z- ¥ Al F-22] AlA] 7] vl &2 20301712] 756 Mt COs eq. yr ' 2 571 A 02 5
A5kl Itk (USEPA, 2013).

H Al F-22 CH, HiE 2] 74 siEdoz uiiiae] oo} & g2 ghom, 2 AlA| Q1914 59 &
22%E AFA| R} (Smartt et al., 2016; Liu et al., 2019b). CH, 2] A 7-2+8E2]4= (global warming potential, GWP)+=
CO°ll Hl5f| 28uHo]l o] 2 2|2t sto] m] 2= g gfo] B At} (IPCC, 2014). =2 CH, 2] 8 13359 5 5t
U2 7FEEm, 415t 3H 2740 WEENLO 8BS0l 7]oI$tth (Wang et al., 2013; IPCC, 2014). ©]&{3 o]-F=2 %]
O] H-2 A= kol o9 2Q1 RS m] | A] QRO HA] oA 247k A viE- S Fol= T Wi e =
S 9h 11 Qlrt (Jiang et al., 2019; Liu et al., 2019b).

B (Oryza sativa L)< OAoollA] Anlel= 4] 2FE F shtEH, A AlA 1T 50% o)de] 9a= itk
(Chaudhary et al., 2017). %3 AJA] & AJAFES] 90%-= oFA|ot =7 el AYAHE]H, o] F Fotrlot =717} 33.6%2] H]
S= ZA|BIAL Qlo] 2AIZEA HljEof| A 2] ¢F2 P2 1] X1l Qltt (Papademetriou et al., 2000). Ito et al. (2022)2
“SOMAIOFE =0l A CH, HFE 2] 2F26%4<1 15.8 Tg CH, y ' & &dhe 202 375t 3l B A SR vl A
§2 EO| Lot w22 S8lRS TV 4= AT N,O HiE-E o2 57 HA 12 4= 9)tt (Liu et al. 2019b; Wu
etal. 2019a). S2HE AJ4tell et 05 S5A1717] QoA Bl & AFE-2 E7H s, o]of & CH4 N0 HiE 5
7h Rt ol 4= it (Xia et al., 2017; Wu et al., 2019a). WA, FOFAOFA] A O] 152 2ha A2 fAISHHA &

A7I HiES £017] 1% BabAR] s o] Hastitt (Lee et al., 2023).

2 5714 eoflA A9 CH, Gt (methanotrophic bacteria)©] CHy A3/4d 124w (methanogenic archaea)®] &
&= Algheta, EF4teh H A9 (BhyE 57H1A CH, BlEE S A4A17 1= WAlo]t (Rahman et al., 2013; Sha
et al., 2022). =5 7] WMol = E7P (Wu et al., 2019b; He et al., 2022), 7F&2] )| (Nishimura et al., 2020;
Qian et al., 2022), -2 271 (Wei et al., 2019; Zhang et al., 2019), <=5 (Wu et al., 2019b; Zhang et al., 2021) 5
CHget W o] AA= AL St

o] ¢AtollA] == T o] el st Tl BIHE ffdll A AIAIE dVd o= HlEREAlsHEAY (Jiang
etal., 2019; Liu et al., 2019b), 52O |oFE Tt 02 St HERE A A= 2185 HE QIT} (Yagi et al., 2020). 514
gt ARt =l ot 7|9, B 2 9 FEtiAlof| wet vl E Rl 247 P HilE AR 1L ool EEfA| 1L
(Ahn et al., 2014; Liu et al., 2019a), £3], 5ot |oFe] -9 At 7|52 QI3+ CH, HiE°| H% =111 gtk (Tto et
al.,, 2022). TI-g?t = ol TRk 247k ke gt 9 A RS A A 0 = AL BARE Al AR
7138 =] oJ ¥t} (Camargo et al., 2018; Bui et al., 2022). Z12{L} SobA|okR]| S thito 2 =5 Wa]of tigt CH, vl
21} ge A SEleRS T 0 2 IR Al oFF] BESl] Wb, FoMA|ofR] =ollA] & e Aol ot
£ CH, HIE= 2 edagol] dieh S41%] B717F Fasi.

[¢}
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3 Ao A FolAlolA| 0] B Pl CH, Wi 9 A 4ol nl Al 93 £ <D
AJBHE, o12 $18l (1) ol A CH, Wi 2 2 4o dhat =2 phefo] aakg £3 BAehr, (2) &2 1)
| A 27 CH, Mk 3lao] avhato] 2 B4515t o8l 7 Ak 2] =8 TelS Be 247}
% avhaklo] 7Rsata, F F/WREAS L] 7|2 AR 8 5 9 A0 |,

>

>

291 dM 2 Ho|g $& E AoAE Google Scholar, ScienceDirect, SCOPUS, KCI (Korea Citation
Index) A QI71-S ARE-51] 201056 2022 3 E7kA] H3EH A= sk A7 Ao 2HA =
T= FAAAH 072 Hefstar, A 7]9 == “Water management”, “Mid-season drainage”, “Drainage”, “Irriga-
tion”, “Methane”, “CH,”, “Greenhouse gas”, “Agricultural land”, “Cropland”, “Paddy fields”, “Rice paddy”= A}
Bttt A7 AL thEa 2ol a) Aol sh o] tiEwtut A2l Bl E 53t A9 A b) = v W
S AR AT, o) =7 71 SHE AR A, d) B e BE S ARG A, o) EYFO] S04 21k

AAS AR AFEHN, o] RE S TSk AET ﬁ@g}‘ﬁ‘jﬁ EH_]?TO 2R Fof|A] AARE 2AH7EA

H&2F dlo|el S AFRsT 1802 A ]% H% Digitizer (ver. 2.6.9) 2~ E
Sl 91 25 eIeh 2 eich 2 27 o] A1 L, A1 0 AL, 2
£ D952 kg ha' 2 HSISIQIT & e Bajo ] H, HlE= 4 gtk n|2)= dda B7Fsl7] Sis) 287 &
T 16171 (CH, ¥iE™), 17471 (& 5513 8] T5A5 AREsto] vekZ A& 5385t 3ir.

A S G
9§92 Field, Pot= 251107, 74 1412 Single, Rotation, Double= 72651 0, A917|7F (day)-> <110,
<120, <130, >1302 7-23}]t} (Zhang et al., 2020). =% 7] {2 G g HA7|of B2 ¢ W51 ok
A7 5 7Fd A 0 2 Y 2 =& wAls= AWD (alternating wet and dry), 785G 7] YAH S 2 1 -257Fal4
5}=FDF (flooding-drainage-reflooding), F&-5A7 |0 vi4= & Z{E=stal 724 37l 9 vij4~E WAlsk=FDFM

(flooding-drainage-reflooding-moist), ©]%2} 1152 =071 A1edof|it AA|EE=61= FWI (furrow wetting irrigation),

OE, F
NE
r\=l
ﬁ_4
—_‘-‘,
e
Ak
L
_l
~
O

Table 1. Factors categorized as predictive variables in this meta-analysis.

Factor Specific conditions Levels
Type of experiment Field; pot
Cropping system Single; rotation; double
Experimental Seeding method Direct seeding; transplanting
conditions Duration (days) <110; £120; <130;>130
Number of drainage <1, <£5,>5
Drainage period (days) <10,>10
- Fertilizer types Compound; Mixed; Urea
Fertilizer . 1
conditions Fertilizer rate (kg N ha™) <150; £300; <500; >500
Number of fertilizer input <1, £2,<3,>3
Soil Soil pH <6.5 (acidic); 6.6 - 7.3 (neutral); >7.3 (alkaline)
. Soil C/N <10;>10
properties

Soil texture Fine; medium; coarse
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7o) @A il TR 2[5} 15 em ] ES-E2EE0] -10 kPa o]std wivt 2] w7k
Z=S1= MI (moist irrigation), 7J--Z 7t J4'7H = AAISH= RF (rainfall) 2 72510 (Gu et al., 2022). H|& 532
Compound, Mixed, Urea® -5, H|= F1%F (kg ha')2 <150, <300, <500, >500.0.5 FE23513c) Hlm &
9l gl <1, <2, <3,>308 ;'——Eré}aiu}. Hig= Sl4== <1, <5,>52 ot vi4= 717t (day)> <10, >1022
TE519T} B9 pHE <6.5 (acidic), 6.6 - 7.3 (neutral), >7.3 (alkaline). 0.2 85141, EOF C/NS <10, >10.2.
2 FLESHIT (Soil Survey Staff, 1999). /42 Fine (silt clay, clay, sandy clay), Medium (loam, clay loam, silt,
silty clay loam, silt loam), Coarse (sandy clay loam, sandy loam, loamy sand)Z 2533t (Soil Survey Staff,
1999) (Table 1).

HEHRA o] QFollM Z17] The Ad ATEC] HZEHS 918] ¥H3H]& (response ratio)& AF&51o] ofefie} 2+
2 gt F71E AT (Hedges et al., 1999).

Ln(RR) = In(Xt/Xc) = In(Xt) — In(Xc) (Eq. 1)
A7|A, Xt= = TS AT AR Ao g2 onlslal, Xe= 270 g ofuRitt. Thef, #FH 2} (standard
deviation, SD)7} oF'd @2} (standard error, SE)TF AAH 739, SD+= th23} -2 A A& o]-8-otof Hgkst
At

SD=SEvN (Eq.2)
o714, N RHEE YR, 95% 412177 (confidence interval, CI)- thaatk o] AiFstich

95% CI = Ln(RR) % 1.96S(Ln(RR)) (Eq. 3)

N8 5937 9 Ho EtT7]9] AR R AL EQojollA] “metafor” T|7]Z] (Viechtbauer, 2010)2] “ROM” ¢
S8 Apaalel B R £ TESo}E AFgalo] dlole] AlEe] B 7 2718 BAHon, 95% A7
(confidence interval, CI)-> A @72}tz 7HO| CH, HilE T R & el Alo| 7 e AIA 0 &2 FolRiA] o754
A5tz $loll A= AT} (Zhang et al., 2020).

HHeHER EEE 83 A7) olof|o] -gol/dS ffall thaat ol ¥WlE-a 2 HRIsIITh (Das et al., 2022).

% Change = (¢""®® — 1) x 100% (Eq. 4)
Results

CH, HH%%*EP & ekl 2t E 22l 71Ee at AESe Blalsto] = e E AR T, CH,

HIEERS -60.5% (n = 161)2 F-2l51] ZAaA|7]= A © 2 Uelsdth RF7}-79.6% (n = 18)= CH, HiE 914 &t

]
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7t 7P = A o8 UERE O™, FDF7}F-40.5% (n = 18)2 =& Ta| A 5 g} 7P e 710 2 HAmQict
= pe]of wE A el v Gt 2ok A Hatghol -5.8% (n = 174) 45k 210 =2 LERE o, ol
Sk ajol= Q= 71 © 2 YrERdth thil 7l 2] o] ZHollA RF, FDF, FWIE= 2 53153 18.9% (n = 24), -8.6% (n =
21), -6.8% (n = 3) 2 Fo|n[o}A A7 |= A L= UEdT (Fig. 1).

—
Aog

Water management Water management

AWD —— -43.4% n(77) AWD

- -3% n(72)
FDF — -40.5% n(18) FDF - -1% n(21)
FDFM — -60.5% n(27) FDFM - -8.6% n(21)
FWI L -64.3% n(3) FWI - -6.8% n(3)
MI —.— -61.3% n(18) ML . 4.1% n(33)
RF — -79.6% n(18) RF - -18.9% n(24)
Mean T -60.5% n(161) Mean — -5.8% n(174)

-150 -100 -50 0 50  -100 -50 0 50 100

Response ratio (%) Response ratio (%)
(A) CH4 emissions (B) Rice yields

Fig. 1. Aresponse ratio of CH, emissions and rice yields by water management types. Numbers in parentheses indicate
the sample size and error bars represent 95% confidence intervals. The squares in color in the figure caption are an
overall average value on properties. AWD, alternating wet and dry; FDF, flooding-drainage-reflooding; FDFM, flooding-
drainage-reflooding-moist; FWI, furrow wetting irrigation; MI, moist irrigation; RF, rainfall.

A3 =20 ME CH, HiE & ¥ $EF A9 230 ThE CH, A5 37=-50.8% (n = 966) & 24| 5]
et T ¥ Al A CH, A5 397F-63.9% (n=11 &= WERAAL, o] 22f0] -33.6% (n = 30), =2 Al
H| A]-15.6% (n = 12)= G377 P W) Al 7171o] S71ed-5 CH, 45 a3p7 S71oke 2 o= 24 F Sl

Experiment type Experiment type
field - -51.3% n(140) field — -4.9% n(140)
pot - -50.8% n(21) pot — 6.2% n(21)
Cropping system Cropping system
Single - ~63.9% n(119) Single - -3.9% n(119)
Rotation —— -15.6% n(12) Rotation I — -3.9% n(12)
Double —a— -33.6% n(30) Double - 2% n(30)
Seeding method Seeding method
Direct seeding = -66% n(48) Direct seeding - -6.8% n(48)
Transplanting - -48.3% n(113) Transplanting — -3% n(113)
Study duration (day) Study duration (day)
<110 - -36.2% n(51) <110 - -3.9% n(51)
<120 —— -49.8% n(27) <120 — 0% n(27)
<130 - -59.7% n(41) <130 e — -3% n(41)
=130 —— -69.3% n(42) >130 — -12.2% n(42)
Number of drainage Number of drainage
<1 - -40.5% n(18) <1 —— -1% n(18)
<5 —— -60.5% n(27) <5 — -3% n(27)
>5 - -50.3% n(116) >5 —a— -3.9% n(116)
Drainage period (day) Drainage period (day)
<10 - -40% n(29) <10 —a— -5.8% n(29)
>10 - -52.8% n(132) >10 —— -3.9% n(132)
Mean —a— -50.8% n(966) Mean - -3% n(966)
-200 -150 -100 -50 (1} 50 100 150 -50 -30 -10 10 30 50
Response ratio (%) Response ratio (%)
(A) CH,4 emissions (B) Rice yields

Fig. 2. A response ratio of CH4 emissions and rice yields by experimental conditions. Numbers in parentheses indicate
the sample size and error bars represent 95% confidence intervals. The squares in color in the figure caption are an
overall average value on properties.
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TREof| glojA] Zuk= CH, HIE 75 B71-66% (n = 48) = UEREY, 0]9-2 -48.3% (n = 113)2 BA =it H]
& Slpoll I CH, vl B 80k <5914 -60.5% (n = 27)2 7P S} =2 21 0= Uehton, <14
-40.5% (n=18)= 7P Gxpp e 210 & yepgdt vl 7172 >102 1 -52.8% (n = 132)2] CH, A5 2371 91
Ao, <10901A4 -40% (n = 29)9] CH, = &7} Q= A0 =2 LpERTh

AR 2730 W2 A SBFEE 3% (n = 966) 2 H-0J51] 1HAsHe A0 2 UERdT ZE AHNA 6.2% (n=21)
S71IAAL, BE A= -4.9% (n = 140) sk A o2 YRt vl 8171 >50014 -3.9% (n=116) % &
F8lgo] 7h wo| ZAst A, vl 7170l <1094 -5.8% (n =29)2 >10 (-3.9%, n = 132)°] H]a}]| & =85 74
e 710 2 YeRth (Fig. 2).

HIE X0l 02 CHy tiE 2 & 2 H|E 230w CH, HiEE0] -54.2% (n = 433) Fom|skA &
A5l= 702 et Q4 B2 £9 A -57.3% (n=78)= CH, Hl& 75 a7} 7P =okoL), 23} (-46.7%,
n=42) 4 S35 (-46.7%, n=32)2}t-F-2Ju]gt 2lo| = Glis A 02 eyt vl & Foledol w2 CH, #iE aafe]l
A >50001141 -60.1% (n = 24)2 7Fg =9kou, fofujet 2oli= glis A o2 BAEGI Hlg ¢ Sl4o] u=
CH, " S| A=33] oA LA T9I6H= Z10] -78.6% (n = 6)& 7F3 a7} & 7 0 2 Yttt (Fig. 3).
H|7 270 2 4 $813F0] 749 29% (n=462) 2 45H= 7 0 2 JeRd AT G0t 2loli= gigict Autdo g
H|g 2700 wkE A eleo] fofgh 2to|= glglou, HlE £ 31471 <2014 16.2% (n = 15) 37Iol= A o=
LFER T (Fig. 3).

Fertilitzer type Fertilitzer type
Compound - -46.7% n(42) Compound L] -3.9% n(48)
Mixed - -46.7% n(32) Mixed - -4.9% n(48)
Urea - -57.3% n(78) Urea u 1% n(66)
Fertilizer rate (kg hal) Fertilizer rate (kg ha')
<150 - -51.3% n(80) <150 L] -3% n(51)
<300 L -46.2% n(54) <300 L -2% n(78)
<500 <500 B 1% n(9)
>500 = -60.1% n(24) >500 = =6.8% n(24)
Number of fertilizer input Number of fertilizer input
<1 - -47.3% n(33) <1 L -5.8% n(33)
<2 = -69.3% n(3) <2 L] 16.2% n(15)
<3 ] -43.4% n(81) <3 - -3% n(78)
>3 —— -78.6% n(6) >3 - -3.9% n(12)
Mean —— -54.2% n(433) Mean -2% n(462)
-400 -300 -200 -100 0 100 200 300 400 -350 -250 -150 -50 50 150 250 350
Response ratio (%) Response ratio (%)
(A) CH, emissions (B) Rice yields

Fig. 3. A response ratio of CH, emissions and rice yields by fertilizer conditions. Numbers in parentheses indicate the
sample size and error bars represent 95% confidence intervals. The squares in color in the figure caption are an overall
average value on properties.

EQ EM0| M2 CH, S ¥ % 281 £ E40) w2l CHy HE30] -54.2% (n=281) foJok7 74
Sh= 7o 2 vehsith EFpH7E>7.391 delA] ElA -53.2% (n= 18)2 CH, 75 B3P 7Fg &3ko ™, pH
<6.5%0 1M EolA] -5.8% (n = 18)2 CHy T5 &7 7P Wkt C/N HIE©0] >100014 -60.5% (n = 48) = CHy
A= TP o R F3lon, BEACl HE A9 R 245 CH, IS A7t 52 2102 Uit (Fig. 4). EY
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S0l TE & el -4.9% (n = 366) -5 sk A o= Ut E pH7FAMI S ESNA
-6.8% (n =24), -7.7% (n = 48) 2 F-O|oHA] 7HA561 21, C/N H-&0] <1014 -3.9% (n = 102), EAJ2 AE A
ol & 8kFo] -15.6% (n = 15) TASH= A0 & YedTh (Fig. 4).

pH pH

Acidie . -5.8% n(18) Acidie — -6.8% n(24)
Neutral —— -41.1% n(57) Neutral — -7.7% n(48)
Alkaline —— -53.2% n(18) Alkaline B — 3% n(60)
C:N C:N
<10 —-— -42.9% n(75) <10 - -3.9% n(102)
>10 —-— -60.5% n(48) >10 _—— 2% n(48)
Texture Texture
Coarse _— -62.5% n(14) Coarse L) -15.6% n(15)
Medium — -60.9% n(45) Medium - -4.9% n(30)
Fine e — -78.6% n(48) Fine L E— 1% n(39)
Mean L e — -54.2% n(281) Mean —— -4.9% n(366)

-150 -50 50 -50 50

Response ratio (%) Response ratio (%)
(A) CH,4 emissions (B) Rice yields

Fig. 4. Aresponse ratio of CH, emissions and rice yields by soil properties. Numbers in parentheses indicate the sample
size and error bars represent 95% confidence intervals. The squares in color in the figure caption are an overall average
value on properties.

Discussion

CH; &% CH,q= 3714 27004 /718 o2 2 /g 2o, 71-2al 2 Ha] vhe|2]o} (fermenta-
tive bacteria)2} CH, A/d J1A||9t (methanogenic archaea) 0.2 745 B3t n] A& 1 of| oJ5) AJAJH T (Conrad et
al., 2012; Ji et al., 2022). & Ta] TP EF A4 718498 WAdsto] CH, AF4Te] 7]4to] Bl thelst J}mﬂ &

= & 5 Ut (Jiang et al., 2019). o[ AollA] =2 P E F0l CH, HIES 9F60.5% 7] A5 o = 20 =
UERATH (Fig. 4). Gu et al. (2022)2] &1 Ao}l 77.3% K k= Wokz]k g ¢Lo] Axlel 50.3 - 52.0%1#} el
(Jiang et al., 2019; Liu et al., 2019b), ‘F'FOFA|of T9]<] HEREA] A1l 35%H THE =30t (Yagi et al., 2020).
Kim et al. (2012)2 2 Eol|A] & ol wE et siE=ke 71 A}, S0945 AR 739 °F48.1%, SRI
(system of rice intensification) 7]&2 2-830-2 o F 76.8% HIet HETFS THAARITHAL A5, 2 Aol A

St -FALREFDF 714:0] 40.5% 3117, SRI 7]&3t -FAFEMI 71%0] 61.3%<1 24 7HQHet uf, Hh2l 4=
-i}OW UARE, g2 AR A 02wk iRl 2 oA Hagol| siidsh= 71%4 et = |
17} 79.6%% 74 7AFsHH SRI 7] ;JM] TEL QUL S Aoz AT AJAES e Tl BE
CH, HiE-2 827104 24710l o] 2= TAlol S o] 571 4| CH, HiEZ2] °F 85% & i}llﬂﬁ} (Wang et
al., 2020; Gu et al., 2022). “gA[F==e} Bl wst] 27| F9te] & Feli= CH, A/ TP ol IA) 92 1|4 CH, vl
ZE AAIE 4= Ut (Li et al., 2018; Wang et al., 2020). & AoA = ot & ] B 5 BV 5 521717}
2] A L] P45 oFA] Y= RF7F79.6%2] CHAE AZ5HAL, MI (61.3%)= 102 75 it =2 Ao 2 1
EPSTH (Fig. 1). AWDE a2t 21525 WHE0l: 724, MISHRARHA]EE X 4971 A B3-S 71502 4-6
emeh= o G Ao S o Algctsl 7| wiiZel FDEMYF 2 2to| 5 Holz] g2 710 = wekect. u)
2hA, S S 22 0] IR 8RS T Efslal 3|21 WHE 48T et Qlrkal Ik
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27| B tAlof| 4] =20] .8 4=90= CH, A4 1AITH0] CH, S ALISH= d] -f-2l8lth (Wang et al., 2020). 2 <
TrollA Tl At 7|0 = Al 717ke] <1102] CH, B A1 8= 36.2%, >130-2 69.3% = AHll 4471501
Holl et CH, ¥iE5 3= S7161Th (Fig. 2). o= Al 713to] S71ste] whet & e 711t T3t 57 ohe A
CH, B& A7 8117} 57 Foke A 02 whekech, @ Al 717t 5 vl (<1) 9 ohgHi4= (=2)°] thghIPCC
7|24k 40%2F48%°1Tt (IPCC, 2006). ©] Aol A TAuliao] 73-¢-40.5%2 ARl R o m, thgulie (<
5)9] 7 60.5%= 10% oA =7 LFEFT). )%= Jiang et al. (2019)2] THUHl4= 33 3% H ot 17, ThEHll4 73% 1.
= sttt @A 9 9 ohsaliss o[ HlES] iR IPCC 7]E452 0.6 0.5220 ], ©] AT-5 HFF O FolAlofA]
9] Thduflae= A 7| 2GS FAI5kE] ehsala-o] -9 H Y] S ARt

H] 5= CH, S0l 93RS PIX= 583 84 T sh=a, PuHA 0 2 AJH[SER] 92> 73-9-of HIaH AlH|SH EFe]

= T W Al A] o] m 2t .2 3 Atof| H]of| FREli= H] 50| o] A7] whioll -63.9%E CHy 745 B 7Pd &3t
31, 22 ol Aol -15.6% 2 AF3 0] RolRl= 2 ERISHAT (Fig. 2). SRR & Aol A= dAga=<l
Y A2 Tet B TS AR AT ko] Bt oFol Hlg FQlo & FQlgke| k2 CH, HiE Bh= 37| Yeht
oFo 7 o g et o= Liuetal. (2019b)2} Lee et al. (2023)2] A7 Ao} GASHA LrEldth thak, v]& &
3120 QlojA] 33] o]Ako & LA BEQISh= 73$--78.6%E CH, A% a7} 71 & A 02 Yepdtt o=

ghoFol A =g YAof| F9JolH 220l 58 4= Sl S 2ot th] F &2 Aot 5] f-2ol 719
Fo} (Dong et al., 2017; Nie et al., 2019). WA, 2HEA0-50f Z]Z 0] H] 7 EA% T S Q5|9 BA|SIS=% CH, 7
2o FQ3+ a9lo g whehHr,

A
§i

I o
>/

ne

b o

A EE IAETE =0 A FAE A dheel o T A3 W
Hlo] Erk(Nie et al., 2019). BHH, == = w=ollA WA= WG 9 A4 BlR 0| &S S0l 5L st
= Z%9 4 Qlth (Dong et al., 2017). o|2{Rt o|f-= of 2] = v Pl Ao & pelg A mo| = =5

= 8RS 9F 2.4% -Fol5 A E7IAIZITE AL 1A (Gu et al., 2022). Nie et al. (2019) HAl oA =5 )7}
TS 5.5 - 27%7HA] S7HARITAL B 161101, o]@F -FARSHA| Zhang et al. (2021) A A oS 24% 57t
AlZIetal HATsHode SO o tVd 02 =& Tefoll TRt ekt dit JA] 9] 2E vz = & 45
o1 28% S7Iohe A 0= BRIt (Yagi et al., 2020). 12{H o Aol & Bl E 5ot 2 otafe] frofet
2ol= ¢t (Fig. 1). ©1= Yang et al. (2018)2] A+ A}t fASH| LRI =g T/t 2827 AA1E 7
3, Ao] £8F 74 Glo] WG ARS RS 38%7HA] =4 4= AT (Lampayan et al., 2015), =& | 7HE &2 X
P2 A AR 7 e AEHAE A SRS 22%7HA] AR 4= Itk (Lampayan et al., 2015; Zhang et al., 2021).
H ZfjulollA] 0]} & 25712 & H= A Aof 7R Izt Al7]o]H, 2 A51S] RF= 7390 9&sh= & e
Hal o g2 Ax AEHAZR Q)| & 2lafo] -18.9%7HA] AR 71 0 2 AZFE T (Lampayan et al., 2015). &= Gu
etal. (2022)2] RF -32.4% X Th="2x]qt, 77 oFo] 22| 9k 71 0 2 mh=t}. Lampayan et al. (2015)-2 & 3] 7
A= SR A3 A HA 15 em Z o)) EGJollA] EGRAEIEo] B7t S8 HE AEYAE {1V ARfel=

-10 kPa KT} fzolok tttal B VSISt ©fi=-10 kPa ©]sk= W AjHl] A| CH, A=oll= abA{o] 2|t ¥ 4=8tofl= of

kﬂr‘
:

=
P& I 4 ths 242 2ufdit) =04 CH, HilE-2 247100 2 o] F01 2|1, ofuf ¥ AJ5of 213t ¥
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T Q7 g (Wang et al., 2020; Gu et al., 2022). T2hA] 54 SA A= 7] EA7|9F 5557100 H4 WHE 55
B S GAISHHA CH, BlEEE S0l Tl Weke: Al oF Tt (Gu et al., 2022). 2], =CllA] CH, Hl
= A 1% == v AR Aol digh At ofsh, Thliel =2 dAI 710l o5l CH, HilEh
st A A S7sIHAL HATskGIT) (Baek et al., 2023). BHH, 24720l sl & A2 43 245}
A9t CH, W& d4sial B 47 [eta ke SVl 2102 YERIT (Gwon et al., 2022; Baek et al.,
2023). o Aol 4] CH, HiEda E0|HA] & el dFa ] 2|7 o= & e A2 M1, AWD, FDF =2

2 Uehdth (Fig. 1). 0] % 27191 54710] & ¥el7} /K5 e Bl MI, AWD 410 2 9% 158 Slet 37}
70 RS AR

B Aol B AR 8 S8lao] FASIAIL, e AR Srleke Tt et e Asle] A9 B4
A1%lol] u]s] 713 9 295 50] 8 2.9lo] Tk Alote] L, T 1 ui47} Golstol g pelt ol 2ol A
o G = PRl e 4elee] o T B8 Wi, B 1) 915 9 R, 1e)1 el pelo] )
o} Jiang etal., 2019). BEREA] 23, v 9147} 571845 4 4lago] 7hashe 210 2 LeRieh. whel, vl 7]
el <i0uch SIERES %—7}6}% CIEie ohir B e 7359} 2l Qe 7o 2 P, o

>
N
)
g
e
o
>
39,
-
9
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e
)
2
27
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=2,
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Conclusions

& Aol iz SOMAIOFA ] =9] CH, HllE T, & &=l nlAls == w9 dda T94 o= Aotk A
Sl HlEREAe AASHAH. 11 B3 =olM & B E 288 741 B w#e FrAIsHiA CH, MlE®he ©F60.5%
O

5G4 9 A0 Uehdth HoFel =8 7]/l % AWD, FDF, M1 7148 CH, HE3& 91202 7144]
71 b, 4 AT 7ol 50129 2ol 1ol glo}- 8117} 7Rs .0 2 Wik, whebd, eF 2 el ]
ulme o o woEel sl Tela 4 ol hk N,O HlE H GWPE Tefgh 2 e sl45e] ke o]ol4]
A1 22100 AV SISIc whebd BN e et & ) 7@4 BHEag R0 2 pa o] a7
Ak g Ty o] 28] /K5 tu, CH, WhET A5 S8tk Ao SahAe] 2 el 71 A o
ol A AR o] AR SR 5 912 A0 S
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