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Regional scale inversion of CH4 emissions from rice paddies based on atmospheric concentration observations. YANG
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Abstract: Jiangsu Province—one of China’s major rice-producing regions—was selected as the research area. A
high-precision CHy observation system was established at a height of 50m in Taizhou City, central Jiangsu, and the period
from 20" May to 31% October 2023, covering the local rice-growing season, was used for analysis. Paddy CH, flux was
retrieved at a 10d scale by coupling an atmospheric transport model with an optimized inversion framework. The main
findings are as follows: (1) The “bottom-up” approach based EDGAR prior inventory exhibited neither distinct temporal
variability nor emission peaks for paddy CH,; fluxes, inconsistent with the observed peak emissions during the
tillering-booting stage in July~August in Jiangsu, which should be constrained and calibrated by using atmospheric CHy,
observations. (2) Inversions revealed that both Taizhou City and Jiangsu Province experienced peak CH, emissions in early
to mid-August, followed by a gradual decline. The peak fluxes reached (966.6 + 104.6) mg/(m?-d) and (1182.9 + 128.0)
mg/(m*d), respectively, which were (3.27 + 0.35) times higher than the prior estimates. (3) Over the entire study period,
the posterior mean paddy CH,4 flux for Taizhou and Jiangsu were (307.3 + 40.5) mg CH4/(m*d) and (376.7 = 49.7) mg
CH.,/(m*-d), respectively, (1.37 + 0.18) times the prior values. These results indicate that the prior inventory substantially
underestimated both the magnitude and temporal variation of paddy CH4 emissions.
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Table 1 Monthly average concentration contributions (x10°)
from different emission source categories simulated based on
the prior emission inventory and their percentage shares of

the total contribution

Hes 6 7 H 8 H 9 H 10 A
- 246.3 230.6 173.2 111.2 38.0
:
' (54.0%)  (49.9%)  (482%)  (383%)  (17.7%)
155.2 147.0 122.2 119.3 126.3
b 3 b B
(34.0%)  (31.8%)  (34.0%)  (41.1%)  (58.7%)
. 30.9 58.8 47.5 419 25.9
W
(6.8%)  (127%)  (132%)  (14.5%)  (12.0%)
2.1 1.6 1.5 2.6 5.9
Ji X
(0.5%) (0.3%) (0.4%) (0.9%) (2.8%)
S 21.9 24.0 14.7 15.1 18.9
Lt
(4.8%) (5.2%) (4.1%) (5.2%) (8.8%)
psyill 456.5 462.0 359.1 290.2 215.1

1 WIR,6~10 H AR50 1 FE 3 I EAA AT W
(1) ABARAAIE, 3X 22 T CHy HEBOR A%
Ernpowy NI NP RO/ S SS vk 19 =3 1) N 112N
JATHE L R ) ) e ] s ) i EG v R DR A AR o AR A
S GNF I sgm ] i footprint FBHUAN R AE A5
M CH, HEAE 6~10 H IR B BTk 43 71l b (246.3,
230.6,173.2,111.2,38.0)x 10, 5 H4L, CH, 5 4 184 41
LB R 54.0%. 49.9%. 48.2%- 38.3%. 17.7%.

B 4k B A FE DTk 3 ) A (155.2,147.0,122.2,
119.3,126.3)x10 °, 7 HLiE £ 34.0%. 31.8%. 34.0%.
41.1%-58.7%. LA b5 idt—20 A B 13 B A FH N
B AT RS M CHYy IR B ARL I = 414y, H.
P S T 3 I H AR e o bk, S 50
B CHy HEBC A BN H AL, 1T ¥ 5
rh 7 I Ak B R A AR A IX AR 5 LS CHY
HEFBO LEAS G B S I3 B RURk I, R CH, HEik
M iZ e T 42F,6~10 H IR 37000 24.9,28.3,27.8,
24.3,18.6°C, i TR E 16.2°C,HIL L SE ) 5T
Mk R FLLLIFE 6~9 H Nz &, U 7~8 HLIEAR,
I CHy HEBC 2 5221 DTk R, 7 6~10 HREE
188 78 43 91 4 (30.9,58.8,47.5,41.9,25.9)x107, |5 EL K
6.8%- 12.7%-+ 13.2%- 14.5%- 12.0%. K r] %042
TRDULIN Sty AR CH R B ARk 2 DL =Pk
YRR AR A ORI (i Tl YRR REIX
25 W EE LT WRE-STILT #5288 78 3k [ Hgr b
X T, RIRAHIE I S ARV IR 3t Bt W
TERTIN B 3T HETBCIE S AR AR 5 7 1 7 5 L &
FANTA], BA b 22 S 32 S DR Ll v RARE IR IRk
F, U R A . CHY () 32 B0, K = A
1 4 T 2 A7 A R IR, IR I S EOCRG L $9 3 Ak
2 R g T B HE IR, DR L R O AN TR 3 X RS,
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Table 2 Monthly average CH4 concentration contributions
(x107) at the site from different regions simulated based

on the prior emission inventory

DX 6 H 7H 8 H 9H 104

G 21.3 222 8.7 5.6 8.1

P ifﬁ:il 9.6 10.9 1.1 0.6 0.1
ki 1.1 1.0 0.2 0.2 0.0

VLI 3499 3282 2873 251.8 176.9

ZRMI 175.9 163.7 160.9 170.4 110.9

R 7.4 3.4 5.6 25.6 13.4

BT 22.8 29.1 3.2 2.2 3.0
T i 24.8 17.8 5.6 3.8 32
T 17.4 14.8 13.1 4.2 2.7

Eisil 26.3 28.9 36.5 5.0 3.9

gl 38.0 39.3 47.8 14.8 11.9

M 24.6 21.6 9.0 15.7 22.4

JrA X3, 456.5 4620  359.1 2902  215.1

MFE 2 W] LA HH VL IR48 A CH, HETBOE A2 Ul
MEETTERIE, A 6~10 H 4 B 5Tk T(349.9,328.2,
287.3,251.8,176.9)x 10, 5 H AR X 3 (& 3 1
] A I LE B 2 A 76.6% 71.0%. 80.0%-
86.8%~ 82.2%. H1 T WL Ik pi A7 T~ M iy v 5, DA okt

Z& N T 5Tk 43 5 4 (175.9,163.7,160.9,170.4,110.9)x
10 7, 7 SRR P EE A9 A 38.5% 35.4%. 44.8%.
58.7%- 51.6%; H 528 M T #3817 A iifE 6~10 H
I3 BTk T (161.3,154.9,120.8,71.3,60.5)x10 7, i &
TIHRIK 35.3%. 33.5%. 33.6%. 24.6%K1 28.1%.
MR N TIT B J T FE T30 1T 1) CHL R BE 7 Bl ml
PEFZEMTI I CHy W FEU I3k 55, B B 21 2 M A
JEA BT 0 2 A T, H L RATE 6~10 H Tk
KB TR FERANE ) 71.1%- 68.9%- 78.4% 83.3%-
79.7%. ik 8 A ¥ A% H RO & T AR & 1.25%
10*km?, 5 JE (YT 95742 45 8 FH R I AR (4 44.4%. A
AL S AR VL 5 A8 T R R S X
WA AR CHy R BE 1) 32 B X HE R S 3 4
TR RZE AL AR X S8R [ CHy HEBURFAE. LA,
FE M M B E 7 T RRTIART A 6 )7 km®, %) 245km
(1) 2458 DX 5l R skt AR 7 2 N T R P82 D R X 4
RS 45 W] 70%~80% 134K 5 184 T #1153 ik ok 1
T LU 54 Hpes, 2420k 250km Py (1) DX k. A,
FEPERJRTT . YEHR R LT WL T . YLPE P
(S I VN 1Y o S S < S 7 N ) B 22
P18 022 p) b gl BURT g Hw b T R I A
AR B e
2.3 FETUREEWI A CH, HE R S

3 ET 10d FHRIEHEIRFEE CH, HRUE 8 RIEREXT L

Table 3 Comparison of 10-day averaged prior and posterior paddy field CH, emission fluxes and correction factors

5 6 6 6 7 7 7
- H H H H H H H

8 H 8 H 9 H 9 H 93 10H 10H 104
A o I o I S A Y I = L L I

I S L N e L O
2
) 2209 308.8 308.8 3088 2853 2853 2853
S
MBI
L2706 3779 3779 3779 3491 3491 349.1
L

KIE 0.63 0.15 0.67 0.82 0.92 1.30 1.33

295.7 2957 1782 1782 1782  52.6 52.6 52.6

361.9 3619 2185 2185 2185 65.1 65.1 65.1

3.27 2.14 2.51 1.20 1.10 3.85 3.10 0.85

FH (£0.11) (20.07) (20.10) (20.11) (£0.12) (£0.16) (£0.18) (£0.17) (£0.36) (£0.24) (0.29) (£0.18) (£0.17) (£0.52) (£0.47) (£0.33)

I 1402 457 2065 2525 2623 370.8 379.3

966.6  633.0 4479 2138 196.5 2022 163.0 449

Bl (£23.4) (221.3) (#29.0) (#33.1) (#35.1) (46.5) (£51.1) (£50.8) (2104.6) (271.2) (£51.9) (£322) (£29.7) (£27.0) (+24.4) (*I17.1)

L7 171.8 560 2527 309.0 321.0 453.8 464.2

11829 7746 5492 262.1 241.0 250.6 202.0 557

Gl (£28.7) (£26.1) (#35.5) (240.5) (#42.9) (£56.9) (£62.5) (£62.1) (+128.0) (£87.2) (+63.7) (£39.5) (£36.5) (£33.4) (£30.3) (+21.2)

T HEHGE 1 A s mg CH/(md), 455 ) 2 AN 3 P .

Ui BTIR, TR R, 3 A B R R v —
S I 11 AR A A, AT M A 98 S 387 ¥ e LR L ik
A7 R 73 A, AR SORE R 2 2K(2~3) 6 5 H
CHy AT S35 207 vk AR BEAE H RS A T %
RS IE R 8,52 3 H R B BB AR A

(s, ok 1 9 Bk DA R D S 30 ok H R EE B 1Y
W K 10d PR TR IE KA IR 2 A
PRI IE R B i A5 R ONER 3 T RLE
EDGAR 550 HE O 5 A 2 (1IN (0] AR LA,
TR AR ZR N T B L IR 448 (1 P38 s i { R AT 6~8
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AL FEH CHy 1A 5 = (B ILAE 8 H i,
43 ik F) (966.6+£104.6) F1(1182.9+128.0)mg  CH./
(m*d); HLAE 6 FH LART 10 H RAE S BARA, Bk
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Fig.5 Comparison of observed and simulated daily average
CHyconcentrations
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B ) 2R L A0,8 ) Ay B R K /D, g A
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BUCHE T 18 B HE RO

AHF A T VT AR X Sk ) CH, HEC 2 B
LU TR 2o A 5 3 AR R AR Ak BT S 0 HE A
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R 224 b 55 8 ok i) — 350 1, 0 2 i 2 PO R I8
DRSSP UL 0 SE 56 50 A1 158 W I B FH CHL HEIRC
TR HURE RS 35 W K PR B s i, = 2E
58 4 1)< LIRS, Ol P T e AR T
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F K = A b DX 300 ke 4 4 v 1 g e W 2, KRR N
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Fig.6 10-day averaged meteorological variables during the
study period
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Fig.7 Comparison between prior and posterior CH, fluxes from rice paddies in this study and previous observations in the Yangtze

River Delta, where the date indicates days after rice transplanting
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