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Fig.2 Methane spectra after smoothing
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Fig.3 Methane spectra after derivative of ratio spectroscopy
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HHh 28 1 BE BOR R 19 4 AN RAF I BEYE BB O 1%
WA ES % (1) 1650—1664 nm, (11) 2180—
2210 nm, (1I) 2300—2320 nm, (IV) 2350—2380 nm;
AN B RN R — AN 45

Xt 4 ANFRIE B BEARIOH AR IES 8L, JF5 W ke

PTG (BR 1)
F1 AEHISHSRRSENHEXRER
Table 1 Correlation coefficient between spectral

characteristic parameters and methane contents

BE s wk mWR R% AR Sl
T[]

I -0.987#* (.987+* 0.984%* -0.696** (0.969** (0.495%*
I -0.987#* 0.987** 0.985%* -0.710%* 0.964**  0.280
I -0.948%# 0.946%* 0.946%* —0.443* —0.657** 0.283
IV -0.915%% 0.927** 0.934%* 0.592%*  -0.092 0.149

O AE 0.01 AKSF L GBI ) 5 38 41 5& , S 7E 0.05 7KF- I (3L
M) d 2 A
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I I
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R —-0.999%* 1 0.996%* 0.9827%#%* -0.998%** 1 0.993 % 0.973%#%*

T AR —-0.992%* 0.996%* 1 0.977%%* -0.986%* 0.993 % 1 0.968%*
ERES -0.978%** 0.9827%% 0.977%% 1 -0.969%* 0.973%# 0.968% 1
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Fig.4 Methane content inversion models based on spectral parameters

*3 HECRS5SHMHIHE

Table 3 Model summary and parameter estimates

TR ZHUATHE
}j*EEE, N y, o~ > e
R? P WL W (x,) WeR (x,) T (x;) B (x,)
B 1 0.9728 0.000 -9.089 -15286.893 -8880.055 599.714 36534.549
e B 1T 0.9817 0.000 -14.356 -5931.796 -4325.081 241.481 7531.973
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Fig.5 Validation result of inversion model
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Hyperspectral quantitative retrieval of methane content in different
concentrations in the seawater background
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Abstract: In the remote sensing exploration of oil and gas resources, seabed gas reservoirs are usually detected through the anomaly of
methane concentration on the sea surface caused by hydrocarbon seepage. The remote sensing exploration of hydrocarbon seepage in marine
gas resources is currently mostly based on methane absorption characteristics and images. Quantitative spectral analysis of methane content
on the sea surface is also insufficient. This study designs laboratory spectral response experiments of methane with different concentrations
in seawater background to determine the methane anomaly on the sea surface better and improve the accuracy of remote sensing inversion.
This study also attempts to establish an inversion model of methane concentration in seawater background.

A methane spectra laboratory test platform was designed to obtain hyperspectral data of different methane contents in seawater
background. After spectra preprocessing and derivative of ratio spectroscopy, the spectral absorption characteristic parameters (the valley,
wave depth, area, wave width, slope, and SAI) were extracted. The correlation between methane content and spectral parameters was
analyzed to compare the ability of parameters to distinguish methane content. The correlation between spectral parameters with high
correlation of methane content in selected bands was analyzed to further reduce the amount of data. Finally, the spectral parameters that
were highly correlated with methane content and lowly correlated with each other were selected as independent variables and methane
content was used as dependent variable to construct the methane content inversion model.

In the analysis of methane spectra in seawater background, the derivative of ratio spectroscopy can effectively suppress background
information of seawater in the spectra and highlight the methane information. Thus, the curve characteristics of the spectra after derivative of
ratio spectroscopy are only related to the content of methane. Moreover, higher methane content corresponds to more obvious
characteristics. The correlation between spectral parameters in 1650—1664 nm and 2180—2210 nm with methane content is significantly
correlated, which is apparently higher than that in 2300—2320 nm and 2350—2380 nm. The valley, wave depth, area, and slope are also
significantly correlated with methane content. Meanwhile, wave width is generally correlated with methane content, and SAI is not
correlated with methane content. The quadrivariate regression equation (y=—14.356 — 5931.796x, — 4325.081x,+241.481x5+7531.973x,) in
2180—2210 nm has the best fitting effect, and R? is 0.9817. The single variable methane inversion model y = 2047.571x — 9.758 is based on
wave depth in this band, and R? is 0.9741, which is better than that of the inversion model based on other spectral characteristic parameters.

The corresponding bands of 1650—1664 nm and 2180—2210 nm and corresponding absorption characteristics (valley, wave depth,
area, and slope) with significant linear correlation of methane content in sea water background are successfully obtained. The methane
content inversion models with good effect and regression significance are established. They can provide theoretical and technical basis for
predicting methane concentration on sea surface by multispectral/hyperspectral remote sensing.

Key words: remote sensing, hyperspectra, methane content, spectral characteristic parameter, derivative of ratio spectroscopy, inversion
model
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