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Differential Absorption Laser Remote Sensing of the Volcanic Gas Concentration Ratio
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Abstract: It is known that volcanic gas composition ratios (concentration ratios) change depending on the active phase
of a volcano, and measuring these changes in composition ratios can help predict eruptions. Current volcanic gas
measurement methods include direct gas sampling and analysis, the DOAS (Differential Optical Absorption
Spectroscopy) method using solar ultraviolet scattered light, and direct measurement of air containing volcanic gases
by continuous multi-gas monitoring equipment. The DOAS method can only measure SOz, so it cannot measure
composition ratios, and observation is limited to daytime when the sky is clear. The multi-gas continuous observation
system requires periodic maintenance of the gas sensor and cannot be installed in an inaccessible location. In this study,
we investigated a method to simultaneously measure the concentrations of multiple components (H2S, COz) in volcanic
gases and remotely measure their ratios (composition ratios) by using a laser sensing technique based on the differential
absorption method.
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Fig.1 Schematics of DIAL measurement of volcanic gases emitted from fumaroles. (a) Front view, (b) Side view.
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Fig.2 Comparison of laser absorption spectroscopy. (a)IPDA (b)DIAL.
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Fig.3 Time series of SO2/H2S ratio measured by the multi-gas continuous monitoring system installed at Mt.
Azuma. (a)Inactive period, (b)Active period.
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Fig.4 Absorption spectrum of CO2 and H»S and four laser wavelengths for the DIAL.
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Table 2. The relative errors of each gas and CO2/H2S ratio for the IPDA and DIAL

H.S CO2 CO2/H2S
IPDA 1.4% 3.1% 3.4%
DIAL 2.5% 5.3% 5.9%
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Fig.4 The relative error of CO2/H:2S ratio (a) for tilt angle of the volcanic gas, and (b) for accumulation number.
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