$398 $H3W o B % o R Vol.39, No.3
2026 4F 3 H Research of Environmental Sciences Mar., 2026

XGBoost 5 SHAP h[E#HERiAEE CH, FiKER
Bt 2= 93 %0 A UK Bh [E
hER, IR, KEET, BEEH, 2 K

Lo SR R2E 2= B, S 5EBH - 550025
2. M ke, St SRBH 550004

TEE: N BT R I BE (CH,) FEHk 8 1 i 23R8 A S OK ) R T, 1 ek FALAR 2% S R T CH, Bk 8 i) Al SR AR AR
TE I FER b XF CH, AL 4 B HEAT 1 23 ] 2 S Ay 4 LA B Nk ) 4 0 A1 253 6] 20 A B8 78 , B3 B WAL 2 >0 M TR T fif B e 2 2% 1) dge
[, 51 A Shapley J:f# B 71 (SHAP) 2 Wi 434 1T CH, AE ik B 3R 3h R F A T B0 AR FEML . 25 SRR M. OFE AT 98 DL R 2
> i #H XGBoost (eXtreme Gradient Boosting) F 4 B fi i, MR 4E L AP ag R 80, 3405 AR AR 25 NS 44 246 XF iR 22 43531 4 0.964
4.78x107°, 3.11x10°, 22019—2023 4F-{A[FF 24 CH, FEME A ¥ A — @ M KA1 mnvE, 255 T 258 L7,
FhZEihg & 2= I IR, H BT MR N 0.756 8; 25 (0] 434 IS 2 H S EE R Z 1M, YRBUAVETRAL ., Fis
FAR BB = 1 A A RRAE . (2 m M TAT I | AR B o RS BRI 2 UR HE B B 25 ) CHL, Mk ) 3 AN E A, Kb, 2 m
Hb TR R T CHL, e B AR T 1) ), T AT 4 I T ARG GRS 7 ) £ . iR S5 B R U A g W R (R E T CHL, AR EE Y 7,
T 750 B ST A R HE O 5 3 28 1) KU 28 B [RIREAT B F CHL AR E W TS o WP R, 2019—2023 4R34 CH, FE ik & R (4R
RERAN R, A2 2 m HO TR | ARAE A v T AR 5B 0 e VR s i 5 DR 3 ), R B S A 2 Ml sl RRAE S5 25 )43 5=t o
KR HBERE VR s B SURRAE 5 43 W) 434 s SHAP; 3K 8l X F-; XGBoost

hE S FES: X705 XEHS: 1001-6929(2026)03-0590-12
XEkFRER: A DOI: 10.13198/j.issn.1001-6929.2026.01.04

Revealing the Spatiotemporal Distribution and Driving Factors of Methane
Column Concentrations in Henan Province Using XGBoost and SHAP

YAO Yiling', SUN Junying’, ZHANG Xianyun'~, LU Jiamin', GONG Sheng'

1. School of Mining, Guizhou University, Guiyang 550025, China
2. Guizhou Second Institute of Surveying and Mapping, Guiyang 550004, China

Abstract: To comprehensively investigate the spatiotemporal characteristics and driving factors of methane (CH,) column concentrations
in Henan Province, an estimation model for CH, column concentrations was first constructed based on machine learning algorithms. Based
on this model, spatial continuity estimation was conducted to characterize the temporal characteristics and spatial distribution of CH,
column concentrations. To overcome the limited interpretability of conventional machine-learning models, the Shapley Additive
Explanations (SHAP) method was applied to diagnose and analyze the relative importance and interaction mechanisms of driving factors
influencing CH, column concentration. The results showed that: (1) Among the evaluated machine- learning models, eXtreme Gradient
Boosting (XGBoost) achieved the highest predictive accuracy, with a coefficient of determination of 0.964, a root mean square error of
4.78x10"°, and a mean absolute error of 3.11x10"° on the test set. (2) The monthly mean CH, column concentrations in Henan Province
from 2019 to 2023 exhibited an overall increasing trend with pronounced seasonal periodicity, characterized by a ‘spring decrease,
summer increase, autumn peak, winter decline’ cycle and a seasonal strength index of 0.7568. Spatially, both the monthly and seasonal
mean concentrations consistently displayed a pattern of lower values in the west and higher values in the central and southeastern regions.

(3) The 2 meter temperature, the leaf area index of low vegetation, and waste sources were identified as the 3 dominant factors influencing

W B HA: 2025-08-07 1T B#A: 2026-01-13

EERA: PebHF2(2000-), 2, SEMHGRE A, 2771261857@qq.com

* THULAEHR: Sk 2 (1974-), 55, UM SO, BIZUEZ, W1, 322 @ Jfeb AR 38 i FHFSE, xyzhangS@gzu.edu.cn

ELWHE: SMARHEHRIHE (No. BRHS 2A-ZK[2024] —% 093); SN A RHE R B (No. ByRHS S2 4 [2022] —fik 204)

Supported by Guizhou Provincial Science and Technology Program, China (No.Qian Ke He Basic Research-ZK[2024] General 093); Guizhou Provincial
Science and Technology Program, China (No.Qian Ke He Basic Support[2022] General 204)



%3

W34 %5 XGBoost &5 SHAP W [R# 7R T md 4 CH, FE¥K BE A I 25 43 A S 3R s 7 591

CH, column concentrations. Specifically, 2 meter temperature generally exerted a positive effect, while the leaf area index of low

vegetation showed a negative effect. The combined influence of high temperatures and dense low vegetation increased CH, column

concentrations. while the interaction between high waste sources and strong meridional winds also contributed to elevated CH, column

concentrations. The results indicate that although the overall trend in CH, column concentrations in Henan Province was not significant

from 2019 to 2023, pronounced seasonal variability and spatial heterogeneity were evident. These patterns were jointly driven by 2 meter

temperature, the leaf area index of low vegetation, and waste sources.
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Fig.3 Temporal trend of CH, column concentration in Henan Province from 2019 to 2023
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Fig.4 Seasonal characteristics of CH, column concentration and model residuals in Henan Province
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Fig.6 Spatial distribution characteristics of seasonal CH, column concentration in Henan Province



598 wos R o R 5539 %
2 mi A AR 2 ot i 3R
ﬁﬁmwgggi o IR E R
SR HH R JEFFHIR L
10 m&& il R4y B 10 m& [ K43
Tl Ak be R R Toll MR s e
i WA i R
s ekt B Mk i
B EHIB TR £ BRI REES
10 m&s ] K433 10 m& i RS
IR filn
R L UHE
HFOT R R HRRIE R
SO e
-40-30-20—-10 0 10 20 30 40 0 2 4 6 8 10
SHAP{H SHAP{H
(a) HHAIESHAPEIT A4 /8 (b) HHAESHAPIE FHE 43 A

TE: B (b) PP AIBFR 0 CH, B BRI IE 18 (Fhes T ) 54m, 6 R 3R ) GROfIRasum) 54
B 7 A4 CH, HREIRSNETF SHAP EAHTE

Fig.7 SHAP value analysis plot of driving factors for CH, column concentration in Henan Province

CH, Ve B B ARSE TN . PR, SRR R I HE
w5ig %ﬁﬁkﬁﬁ@ﬁﬁ”*ﬂﬁ%@ SHAP {E N 17 .
232 WEHF R EEH

DL 2 m Hb TR L I B T AR TR AR 2R S TR

HEm . 10 m 28 sy Ko 8 . Tl BRI HE s 2 i
I BEHT 6 A ELIK S R - 5], i — 204 s - 0K
SR T A AR LR AR X CH, HE 3 BT i 2 AV
BLI, 455 R an & 8 s

40 220 20 0.98 10 695
30 15 _ 5
20 g
= Boa s Bow i
S o 150 2 % 002 = -5 so1 £
B 5 0 g 3 =
-10 par Xt
2 S - A
-20 =4 S
-30 -10 -15
—40 0.85 -15 -1.00 20 307
20 46 110 180 240 310 0 23 46 68 91 110 0 013 026 038 051 0.64
2 m i i/ °C YEFHIIRHECR/(YVH) Tl beHERCR/ (Y H)
(a) 2 b A 3L VB8 - (U AL A - TR (b) JRFIEHEB R -10 mZk i () Tl A HEB - 52
B R H R WG BE IR 38 L5 15 BE TR 38 HL 5

TE: 6 DR TR I bRiE AR SR R R
E8 ¢ NMEEEFIEIEA

Fig.8 Interaction plot of six key factors

2 m b T8 L B 5 AR B v T RS B T 52
YEFX RN 8(a) iR, 4 2 m HuTAITREE (24~31 °C)
AP TR AR AR R (>0.5) (RN A i I, SHAP {53
FONIE, R RS % RIS AL RS T CH,
e B B B s AH R, 7E 2 m b T R (L (—2~11°C)
SRR RS R (<0.5) HALARIT, SHAP {H %44k
AR, 15 I AP T s T AEC 2 AT B PR B AN R T CH, B .

& FEIRHECR 5 10 m 2818 XU 22 8] 1938 B
YEHIX CH, #: ¥ BE 152 4n & 8(b) iR . SIE 54
VR HECE AT HARME (29 0.00 /7)) B, SHAP i 5 #1
IE A3 A AR AR, VAW TE IR 74 CH, HERUER D 1 1%
T, CH, H:W E 5 % 10 m [ KA S0 ; B 25 TR 554
P5HE & TR, 10 m 28 ) XU A3 2 14 2% £k 3 P61 BH J 34

K, H SHAP {HEAR R FF-#aS, WoR ik =58 5 Xt
CH, A3 B2 19 1 ) 45 Sl 800 28 3 i

L 8(c) AT UL, Tl A be i HE i 2 530 A2 &

Z A FE W S A A RN o e i 2 e T X I Y
SHAP {H 53 3K, A X AR & /4T, T
ikk%rh/ﬁﬂlfﬁﬁ@ﬂ CH, A3 B A 1 ] TR B Oy 2

45 0L R R T B A A BB e, BV

?%}2’ e A T R CH, 1Y e 7, (i HAE XT3
JE BRI TR URG BRI 2], A4t T
B B 1 SO A AR, FE 0 B2 i AR 4%
7, CH, B B T2, BRI E RS, HH
T2 EALHE A2 B, T35 L0 1) 48 J2 4k 3 D kA PR,
XF I ) SHAP {H#1



%3

W34 %5 XGBoost &5 SHAP W [R# 7R T md 4 CH, FE¥K BE A I 25 43 A S 3R s 7 599

3 4
a) XGBoost #7145 OLS % | RF Bi%Y | Bagging

FA | LightGBM A5 F1 CatBoost #5751 8 5E %1 i 7] 5

B CH, FEMR B 5 R4 1 NS 3l ] 19 &2 4% ¢

Z, MR 4 FiY R, RMSE Fil MAE 43411 4 0.964.,

4.78x107°, 3.11 10

b) W M4 CH, AEVEE A S (E R A B 2 —

@) _EF B BRI B E, IR T BN R E

A SRR RRAE (T PESREE N 0.756 8). X =1

WRMN “FETRE. EE LI FkFiklg, &0

7% R CH MM A 3 R FFE T, T 9—10

H IR BNAE B W AH, B S 7E 4 2B 200 (a2 hl

TE2—3 H)o 4L L, 5448 R 2 B0 B 0 2y

G35, B TR AR R FE A, AR A Ry S A DX e 5

SRR VYR X A), ER 53 DX S ok B2 A0 T Bk

TR B AR IEAE, 25 [A] I PR =7 %

Jai; A ZERE M R i BRI, e (X O e R &

AR, PR, ST AR R B Tl 2 4 X i AL RE VR

SR PN Tl s RS ¥, HEBh Sk R A& .

¢) 2 m M TRV E . AECRE i P TR AR BRI R S 4 DA

HEfC i 2 52 0 CH, ARV B Y B 2 0R B . =i i

FAEHE CH, BT, AR 4 P T AR i O ARL DX X Ve 2

ELA TE /R A, AR AE A TR i e A X R A 20

RN AE [ IK BN D85 . 7E EEEHERGE T, R 5

T5HETIC L 12 B 5 HE A A A b 5 HE ik o 2 I ) 3K

B F 75 AR SZ R AP WO B E 52 e, Tk B4R

S U5 HE A 2 R I SR R HE A& 119 °F-2 SHAP {E N

7, XF CH, A BE A X I TR 55 o st éh, K3l A+

[] #1922 HAE AL ) S 2, v, 2 mo v O 2 S AR

1% 7 55 B P[] nT AR R CH, A MR B2 A 2B B, 78 TR

AR AV 1 75 5 P8 A5 38 0N N5 1 5 IR 3 4 U

Heplci: 5 28 ) X3 DR A3 TR B 5 T b R s

JiliE 5 i 52 e BE WA AE RS B8O, AR 572 e BEAE

Tl ke = HE T 25 520 CH, 9 3 L9 8, 3T

BE AR EE AR . 2R T HARARR S A

S HECIE HE R T X 8, CH, ¥ B 0 22 Ak ok M &2

WAL H KR,

S % ik (References):

[ 1] SAUNIOS M,MARTINEZ A,POULTER Bet al.Global methane
budget 2000-2020(J].Earth System Science Data,2025,17(5):
1873-1958.

[ 2] VOULGARAKIS ANAIK V.LAMARQUE J F.et al.Analysis of

present day and future OH and methane lifetime in the ACCMIP
simulations [J].Atmospheric Chemistry & Physics,2013,13(5):

[11]

2563-2587.

ETMINAN MMYHRE G,HIGHWOOD E Jet al.Radiative
forcing of carbon dioxide,methane,and nitrous oxide:a significant
revision of the methane radiative forcing[J].Geophysical
Research Letters,2016,43(24):12614-12623.
PEREZ-DOMINGUEZ I,del PRADO AMITTENZWEI K.et al.
Short- and long-term warming effects of methane may affect the
cost-effectiveness of mitigation policies and benefits of low-meat
diets [J] Nature Food,2021,2(12):970-980.

HOPE C.The climate change benefits of reducing methane
emissions [J].Climatic Change,2005,68(1):21-39.

USSIRI D,LAL R.Historical and contemporary global methane
cycling[M].Cham:Springer International Publishing,2017:227-
285.

ZHANG K,KOGELSCHATZ U,ELIASSON B.Conversion of
greenhouse gases to synthesis gas and higher hydrocarbons[J].
Energy & Fuels,2001,15(2):395-402.

FILONCHYK M,PETERSON M P,ZHANG L F,et al.Greenhouse
gases emissions and global climate change:examining the
influence of CO,,CH,and N,O[J].Science
Environment,2024,935:173359.

BEERLING D,BERNER R A,MACKENZIE F T,et al.Methane

of the Total

and the CH, related greenhouse effect over the past 400 million
years [J].American Journal of Science,2009,309(2):97-113.
YUSUF R O,NOOR Z Z,ABBA A H,et al.Methane emission by
sectors:a comprehensive review of emission sources and
mitigation methods[J].Renewable and Sustainable
Reviews,2012,16(7):5059-5070.

KHOLOD N,EVANS M,PILCHER R C.et al.Global methane

Energy

emissions from coal mining to continue growing even with
declining coal production[J].Journal of Cleaner Production,2020,
256:120489.

WEI'Y Y,YANG X J,QIU X T,et al.Spatio-temporal variations of
atmospheric methane and its response to climate on the Tibetan
Plateau from 2010 to 2022[J].Atmospheric Environment,2023,
314:120088.

REAY D S,SMITH P,CHRISTENSEN T R,et al.Methane and
global environmental change[J].Annual Review of Environment
and Resources,2018,43:165-192.

SKYTT TNIELSEN S N,JONSSON B G.Global warming
potential and absolute global temperature change potential from
carbon dioxide and methane fluxes as indicators of regional
sustainability:a case study of Jimtland,Sweden[J].Ecological
Indicators,2020,110:105831.

BAMBERGER [STIEGER J,BUCHMANN Nt al.Spatial
variability of methane:attributing atmospheric concentrations to
emissions [J].Environmental Pollution,2014,190:65-74.

XIA L J,ZHANG G,ZHAN M lJ,et al.Seasonal variations of
atmospheric CH, at Jingdezhen Station in Central China:
understanding the regional transport and its correlation with CO,

and CO[J].Atmospheric Research,2020,241:104982.



600 EZ O A U/ 539 &

[17] LESTARI D O,ERNLISKANDAR I.Temporal characteristic of [29] PARK S,MOON K JLEOM H Jet al.Machine learning-based
the methane (CH,) concentration observed in Bukit kototabang, prediction of ambient CO, and CH, concentrations with high
West Sumatra during 2004-2013 [J].American Institute of Physics temporal resolution in Seoul metropolitan area[J].Environmental
Conference Series,2017,1801:060001. Pollution,2025,376:126362.

[18]  Fahe & Bk E 260,55 0 3 CO, Il CH, 32 8 W I J2 it 25 [30] CORTINA J M.Interaction,nonlinearity,and multicollinearity:
FEOEAAT (3] 5 5T 5 #0544,2024,52(6) :79-90. implications for multiple regression[J].Journal of Management,
XU Y F,CHEN Y C,LI Jet al.Remote sensing monitoring and 1993,19(4):915-922.
spatiotemporal characteristics of CO, and CH, concentrations in [31] LIU M,LEI L P,LIU Dt al.Geostatistical analysis of CH,
coal-electricity production bases [J].Coal Geology & Exploration, columns over monsoon Asia using five years of GOSAT
2024,52(6):79-90. observations[J] .Remote Sensing,2016,8(5):361.

[19]  ZERE AT X8R5 FE TR B IR THAE A LW AR 2019 4F SO, [32] LIAO B,ZHOU T,LIU Y P,et al.Tackling the wildfire prediction
V5 Yt s AR A AT (] BRI R E T 9Y,2025,38(6):1241-1251. challenge:an explainable artificial intelligence (XAI) model
LI L,.DU N,DENG X D,et al.Estimation of near-surface SO, combining extreme gradient boosting (XGBoost) with SHapley
concentration in Shandong Province,2019 using the gradient additive exPlanations (SHAP) for enhanced interpretability and
boosting algorithm[J].Research of Environmental Sciences,2025, accuracy [J].Forests,2025,16(4):689.
38(6):1241-1251. [33] ANTWARG LMILLER R M,SHAPIRA Bt al.Explaining

[20] KARAKURT LAYDIN G,AYDINER K.Sources and mitigation anomalies detected by autoencoders using Shapley Additive
of methane emissions by sectors:a critical review [J].Renewable Explanations [J].Expert Systems with Applications,2021,186:
Energy,2012,39(1):40-48. 115736.

[21]  RWEAR AL A5 LIRS PM, s 5 O, W B IR FRIE S5 [34] VEGA GARCIA M,AZNARTE J L.Shapley additive explanations
Wi A0 (7] BR8240 9T,2025,38(9):1906-1919. for NO, forecasting [J].Ecological Informatics,2020,56:101039.
SONG X W,KONG Y,HAO Y P.et al.Evolutionary characteristics [35] XU J HLI W TXIE H M.t alLong-term trends and
and influencing factors of PM,; and O; concentrations in spatiotemporal variations in atmospheric XCH4 over China
Shandong Province[J].Research of Environmental Sciences,2025, utilizing satellite observations [J].Atmosphere,2022,13(4):525.
38(9):1906-1919. [36] LIKBAIK X,JIAO P L.et al.Developing unbiased estimation of

[22] ZHENG B,COHEN J B,LU L,et al. How can we trust TROPOMI atmospheric methane via machine learning and multiobjective
based methane emissions estimation:calculating emissions over programming based on TROPOMI and GOSAT data[J].Remote
unidentified source regions[J] .EGUsphere.2025,2025:1-24. Sensing of Environment,2024,304:114039.

[23] BORSDORFF T,MARTINEZ-VELARTE M C,SNEEP M.et al. [37] SCHNEISING O,BUCHWITZ M,REUTER M.t al.A scientific
Random forest classifier for cloud clearing of the operational algorithm to simultaneously retrieve carbon monoxide and
TROPOMI XCH, product[J].Remote Sensing,2024,16(7):1208. methane from TROPOMI onboard Sentinel-5 Precursor[J].

[24] BARRE J,ABEN LAGUSTI-PANAREDA A.ct alSystematic Atmospheric Measurement Techniques,2019,12(12):6771-6802.
detection of local CH, anomalies by combining satellite [38] LINDQVIST HKIVIMAKI EHAKKILA T,et al.Evaluation of
measurements with high-resolution forecasts [J].Atmospheric sentinel-5P TROPOMI methane observations at northern high
Chemistry and Physics,2021,21(6):5117-5136. latitudes[J].Remote Sensing,2024,16(16):2979.

[25] WU X D,ZHANG X Y,CHUAI X W.,et al.Long-term trends of [39] CRIPPA M,GUIZZARDI D,PAGANI F.et al. GHG emissions of
atmospheric CH, concentration across China from 2002 to 2016 all world countries[J].Publications Office of the European Union,
[J].Remote Sensing,2019,11(5):538. 2023,10:953322.

[26] s pRme X i #1,55.2010—2019 47 [E CH, 23 25 fk K 5% (40 I, O 2 0 B R 0k, A5 /TG PR R XK = A 1 St X H e

WA [J]FREERE 5 H0R,2023,46(10):147-155. BERISZIA AT (1] FRE5RI2%,2013,34(3):835-841.
XIAO Z Y,LIN X F,GAO Xt al.Study on the temporal and PU J I,XU H H,GU J Q,et al.Impacts of meteorological factors on
spatial variation of CH, and its driving factors over China from atmospheric methane mole fractions in the background area of
2010 to 2019[J].Environmental Science & Technology (China), Yangtze River Delta[J].Environmental Science,2013,34(3):835-
2023,46(10):147-155. 841.

[27] RIBEIRO I O,de SOUZA R A FANDREOLI R Vet al [41]  FktHmh, BRI, B ALEE, 5 W 22 KUK RS CH, MR 4 25
Spatiotemporal variability of methane over the Amazon from FROE SR ZE [T]0 A A2410,2021,32(4) :1406-1416.
satellite observations[J].Advances in Atmospheric Sciences,2016, ZHANG S Q,CAO S S,HU L T,et al.Spatio-temporal variation of
33(7):852-864. atmospheric CH, concentration and its driving factors in monsoon

[28] LI L M,LEI L P,SONG H,et al.Spatiotemporal geostatistical Asia[J].Chinese Journal of Applied Ecology,2021,32(4):1406-
analysis and global mapping of CH, columns from GOSAT 1416.
observations[J] Remote Sensing,2022,14(3):654. [42] CHENTQ,GUESTRIN C.XGBoost:a scalable tree boosting system



A W34 %5 XGBoost &5 SHAP W [R# 7R T md 4 CH, FE¥K BE A I 25 43 A S 3R s 7

601

[C].San Francisco California USA:ACM,2016:785-794.

CHEN THE T,BENESTY M,et al.Xgboost:extreme gradient
boosting[EB/OL].Washington DC:CRAN,(2025-03-05)
[2026-03-04] https://cran.r-project.org/package=xgboost.
LUNDBERG S M,LEE S I.A unified approach to interpreting
model predictions[J].Advances in neural information processing
systems,2017,30:627-637.

LUNDBERG S M,ERION G G,LEE S I.Consistent individualized
feature attribution for tree ensembles[EB/OL].Ithaca,New York:
arXiv.org,(2025-03-05)[2026-03-04] .https://doi.org/10.48550/
arXiv.1802.03888.

HELSEL D R,HIRSCH R M.Statistical methods in water resources
[M].Amsterdam:Elsevier,1993.

BOX G E,JJENKINS G M,REINSEL G C,et al.Time series
analysis:forecasting and control[M].New York:John Wiley &
Sons,2015.

XU W H,LI Q X,WANG X L,et al. Homogenization of Chinese
daily surface air temperatures and analysis of trends in the extreme
temperature  indices[J].Journal Research:
Atmospheres,2013,118(17):9708-9720.

HOOKER G,MENTCH L,ZHOU S Y.Unrestricted permutation

of  Geophysical

forces extrapolation:variable importance requires at least one more
model,or there is no free variable importance[J].Statistics and

Computing,2021,31(6):82.

[50]

[51]

[54]

DAOUD J IMulticollinearity and regression analysis[CJ.Kuala
Lumpur,Malaysia:IOP Publishing,2017:012009.
HASELBECK F,JOHN M,GRIMM D G.casyPheno:an easy-to-

use and easy-to-extend Python framework for phenotype

prediction using Bayesian  optimization [J] Bioinformatics
Advances,2023,3(1):vbad035.
SEABOLD S,PERKTOLD J.Statsmodels:econometric  and

statistical modeling with Python[C].Texas:SciPy,2010:92-96.
OLDS R H,SAGE B H,LACEY W N.Phase equilibria in
hydrocarbon systems.composition of the dew-point gas of the
methane-water system[J].Industrial & Engineering Chemistry,
1942,34(10):1223-1227.
PETROPOULOS G P, KALAITZIDISZ  C.Multispectral
vegetation indices in remote sensing:an overview[J].Ecological
Modelling,2012,2:15-39.

WANG G F,LIU P,HU J M,et al.Spatiotemporal patterns and
influencing factors of agriculture methane emissions in China[J].
Agriculture,2022,12(10):1573.

JACOB D J,TURNER A JMAASAKKERS J D,et al.Satellite
observations of atmospheric methane and their value for
quantifying methane emissions[J].Atmospheric Chemistry and
Physics,2016,16(22):14371-14396.

(FTAERm A X F)



