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AP AR, I B A Al A A RN Ak PR R R A
AR Ak, E 52 0 A B A9 A2 K (Hunt A1 Ashley,
1979; Ben—Dor 1 Kruse, 1995; Van Der Meer 4%,
2002; WM AF, 2009; #FE SF, 2019) . kKM
B T BOW R S A AR
ek Ak . )2 A 5E (Van Der Meer 45
2002; HHEEAE, 2009; JoA R, 20155 #E#FE G,
2019) . TMAEHE H TR 52 31 85 3 L2 5 | B A8 A
%= (Hunt 1 Ashley, 1979; Crosta #1 Moore, 1989;
Ben—Dor 1 Kruse, 1995). 139X S48 fb b 3%
TG RS A, AT A 2 AR I 4 4 T
el

T A R B RV R R A
MIREE, 2R — SR FH AR R T T BRI
s e XIS AR IR ik, S TR
AR (Collins %, 19745 Khan 1 Jacobson, 2008;
Lammoglia Il De Souza Filho, 2013; Molan &
2014) , Horp o A 45 X2 AR (Zhang 45
2015; B&EEE, 2015).

H A IR R 08 T F 250 R IX,
PRI XoF - S 0 118 b 27 b A8 AL B B HE R B 2 22
i E & f TR S IAE (Van Der Meer
45, 2002; HHME AE, 2009; FREE, 2015; H#E
S, 2019) o TEFXTAE B S A IR TH0E e R
WEFE D, HARBOSCR WA AR (BRI, 2015;
Joa KA, 2016), ik B PRUOMAR A K
K2 2% B IR 02 e 5 F M I HLELATS , — Ut
FH 8 B BUR 05 T At vk 5 0 s i 7 5 0%
OB TN 2 MR A GG, B U 1
SEH DX DGR R N BEAR RS AR
BAR . CA U T 2 R oG AR Ak an T
LLONAT G ARER . i E | ARTERE .
LA E SR, BCE 0 R X SO R AR AL B 45
vt £, A BIR A Re AF 358 BOSCOR AR TCE 8
(Noomen £, 2012; Li %, 2012; Adamu %,
2013; PRI, 2015; JL4 R4, 20165 Huang 5%,
2019; Garain 5%, 2021). 75— J5ii, FE#E#EH X
WORAETERT I AT, 1L BRI, T3 S 2 4%
AL B IEAR o e, F)H] 2D 5 R A OGS
W 5T KR 005 T 1 0 B 3 AT AR RAB SR M. SR,
FERT DX H AR B DX TE AR LU AR AR TR A A X
PRI T A A S o 1 R 08 T 2 R SROE 9 R
BAREEL,

AT AT R BT B 1 — Bk AR ik A B 2 56
F 5% 15 4 1595 T 52 ) L 2 K G AL B T v R
(Noomen, 2007; Jamaludin &8, 2015), B4t 4
PROSAIL A (Jacquemoud %5, 2009) 4 #r5Z 4%
T2 T 52 Vo) )AL B85 D' 3 R O U B A PR AR A, A
PL2s i D AE B S5 IR E e RIS I IR . B
HI E R ST E TR —E e, B TFRE
K FEAT T A POt R e 5 50E, A
T R A AR . AT DL X
T T A S 28 SRR BT 8 8 Ak 2R 1) ) vk AT
5, RBGHE—2 R

EEXF DL, AR SCGEBUEZRITEEE S
AL I L VG 0 K EL B 2 AR XA SRR X
oI 2 A SR A A AT X el e 42 %o BB X . A
8 N EL A BRI R AR Ak B A B 1) 52 36 R R R
JRI0E T VR S R HLE A T, S A S 56
A3 B I 356 B BE 52 ) (9 O RS RRAE SRR R
Sentinel-2/MSI 515 4K U2 J2 1015 e 52 Wi ¢ o 19 SR
AR T2 W X P A A 1 B G TS REAE O 5 0 R Xk
TERFEXT b, #F— 208 520 K BB G0E T X JLFD
PGS RHE B SE PR . s e, R 70% Bk
B 2% vl DXRE A AR 5 X6 DX R AR 15 FH LA
P& BUR 02 T X A 6 RRAE 2 & e, IR AL
30% R AR I 5% t DX AB WEAE A X IS B A T IIE

2 WX SR

21 #HREKX

i ER AR S KRS EZ —, ik
W EPEBEZI RN EDGEH (E9,
2013), K AHA, F I VEA AR pE s, A N 1
fii, W—HREBELEE, WEgl, HREAH .
INPEH IR Z Ak . &R E S . AR, £
A3 MHLER 400 m 2247 19 3 52 RS HETR 600 m /2
FHE15 S HEA.

W0 7K R 2 R RS A 4R v TR AR I K B
BT, FZERI oS W R 3 IXH,
SR 3630 km?, MR BB 1K 4500%10° m?,
J6H A v DB BT e o B (1) (B3
2010; MESEAIRE/NE, 2016). 2007 4EdE,
THI 2 A X0 7K 28 b R FR R AT T O =R
&, (HRFE- IR ZMRE (B ER 5,
2020). HFILKEBENEEZSITARED KR, M
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Fig. 2 Schematic diagram of experimental area and control area
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2.2 Sentinel-2/MSI #1E
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FIRS R 25, v TP g
A BRE R AT B X 5.

FE Y 7 B 5 A K 43RS B an i v] B
S it E S ML (Von Wettstein 25, 1995,
Shabala S, 2017) . SAHEERBIZK 23 Joik38 o K /) 1
e, TS RN FFEACIR LA T T X 3K S5

Mo, 4. 8. BEELEnhES
SOAE B 0 Rk g R S S e B e B AR 4k
(Prasad, 2004; JE#A, 2016). #Rif, HI#HH B
4 @ it B2 AR AR & B X DL R AR ™
Y, P E BN ESET A L E S
JE 5 Y X EA TR I R T A

I3 — B AT R RZ i i SR R i S T R
BARER R R R E RSE 4, 2012). fHR
FEFIRIRZ , IF FLBR T 0F m RS Bomi 5 ¢
RUSMNA SPE SRt Jr 254, B 45 o L
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HI MR g 2R A 22 SR K, I HI& AT & I RH I 9
HEMG, W B SHr, ASCAH AT LA A
W2 28 it I TE R AR A e 6 Ok R
WS B X5 % I DX P 8 TR 1 0

4 JRROB AR R X AR RO
4.1 HEHAITHFERBEE S TR E

AR EY], RS I XA G T Rtk
EERURAN =Y B A= Y (NI ) S R Y (1N |
BERARG . LU RS . SRIERRAG . 4045 SR
KEFZWIRHE, (H X X SRR AR B R B, LA
KA FIRRAE A 38 B I A PRGN A A (Noomen
45 2012; AdamuZ§, 2013; BRI, 2015; &R
45, 2016; HuangZF, 2019). %86 S8 EREFRE
AT HE AT — 0 20 w3 5 B R o 5 T B AT A58 I g
MBI . P B i SE GRS RR AR 5 IR s
T T RESZ W (AR B S8 (b FRR B, n g%
Rom, MeEBg) MRACR, Dk aik
FHOCIE R AR R i JC AR

PROSAIL A5 12 H i b FH 55 ) 12 B AR 4% 4 559
A i 2 — &t PROSPECT it i B 5
SAIL i 2 [ i 45 BN & i i (Jacquemoud 1
Baret, 1990; Kuusk, 1991). PROSAIL #5254
FIE T HYOEZ GG A A TR 4 oy R UL
A5 S X A A 2 S AR R s, Al P S
AR FE B 5 B 45 T B AL 2 50 TR U L]
RAT AV B S 563 (e i A5 Ak (Jacquemoud 5
2009; 7Rft 4%, 2021).
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X} EE TS HER T WA
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P i 2 g S — 2 BRI AR, If 48T
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SR (Adamu %5, 2013; [FE¥FE, 2015; Huang
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Table 1 List of input parameters of Prosail model and

their numerical values

e SRR AL 5 I
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Extraction of vegetation anomaly caused by coalbed methane hydrocarbon
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Abstract: Hydrocarbon microleakage of oil and gas resources (including coalbed methane) may induce spectral changes in surface soil and
vegetation. Detecting surface hydrocarbon microleakage using remote sensing technology, a new method for early exploration of coalbed
methane, has a wide range of applications and low cost. At present, the studies of this kind of method mainly focus on bare soil minerals and
seldom on widespread vegetated areas. The important reason is that the biophysical process of hydrocarbon microleakage toxicity to
vegetation roots is complex, and the spectral characteristics that can be used to extract vegetation anomalies are vague. Moreover, the
spectral features selected according to a small number of sampled spectra are accidental, leading to the low accuracy of the extraction
results. Therefore, this work first discussed the mechanism of hydrocarbon microleakage poisoning to vegetation roots. Afterward, the
vegetation spectral features that effectively reflect the effect of hydrocarbon microleakage were selected based on the PROSAIL model.
Moreover, a red-edge position index based on Sentinel-2/MSI band configuration was proposed. Then, we marked the mine sites across our
study area, the Qinshui basin, on Google Earth for long-term vegetation spectral characteristics statistics. We compared these mine sites with
those of the control area to determine how these spectral features were affected by hydrocarbon microleakage. Finally, the marked samples
were divided into training and test sets and then verified. These sets were used to find the optimal spectral feature threshold combination via
the threshold space method. The statistical results show that, compared with the control area, the experimental area exhibited an obvious
blue shift revealed by the red-edge position index of the mine samples. Moreover, the near-infrared reflectance decreased, and the red valley
reflectance increased. These findings were consistent with the mechanism of hydrocarbon microleakage poisoning vegetation and the results
of the spectral simulation. In the background mountain forest area, the 80% recall rate of vegetation samples in the mine buffer zone could
be balanced with the 5% misclassification rate of vegetation samples, showing the rationality of this method. In this study, we analyzed and
optimized the spectral characteristics of hydrocarbon microleakage affecting vegetation. We also used multispectral data to construct a
spectral index and extract the hydrocarbon microleakage vegetation anomaly according to the spectral statistics of the mine buffer. This
method combines theoretical simulation with large sample statistics, providing a reference for the research of extracting hydrocarbon
microleakage vegetation anomaly by remote sensing.

Key words: coalbed methane, hydrocarbon microleakage, vegetation, remote sensing, PROSAIL model, Qinshui basin
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