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Remote Sensing of Atmospheric Trace Species using Multi
Axis Differential Optical Absorption Spectroscopy
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Abstract : UV-visible absorption measurement techniques using several horizone viewing
directions in addition to the traditional zenith-sky pointing have been recently developed in ground-
based remote sensing of atmospheric constituents. The spatial distribution of various trace gases close
to the instrument can be derived by combing several viewing directions. Multi-axis differential optical
absorption spectroscopy (MAX-DOAS) technique, one of the remote sensing techniques for air quality
measurements, uses the scattered sunlight as a light source and measures it at various elevation angles
(corresponding to the viewing directions) by sequential scanning with a stepper motor. A MAX-DOAS
system developed by GIST/ADEMRC has been applied to measuring trace gases in urban air and
plumes of the volcano and fossil fuel power plant in January, May, and October 2004, respectively.
MAX-DOAS spectra were analyzed to identify and quantify SO,, NO,, BrO, and O (based on Slant
Column Densities, SCD) in the urban air, volcanic plume, and fossil fuel power plant utilizing theirs
specific structured absorption features in the UV-visible region. Vertical scan through the multiple
elevation angles was performed at different directions perpendicular to the plume dispersion to retrieve
cross-sectional distribution of SO, or NO; in the plumes of the volcano and fossil fuel power plant.
Based on the estimated cross sections of the plumes the mixing ratios were estimated to 580 SO, ppbv
in the volcanic plume, and 337 NO; and 227 SO; ppbv in the plume of the fossil fuel power plant,
respectively.

Key Words : Remote sensing, DOAS, air pollutants, volcanic plume, industrial plume.
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et al., 2004; Lee et al, 2005b).
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Fig. 1. (a) Schematic diagram and (b} picture of the MAX-DOAS
system. The MAX-DOAS system consists of a stepping
motor and body containing USB2000 spectrometer
(OceanOptics), adopting the 2400 gr/mm grating and
CCD detector {Sony ILX511), and analog to digial
converter (12-bit).
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Wavelength [nm]
260 T T " T T T U T
o 0 40 60 00 ch I‘Z‘“’ Ta00 1600 1300 2000 Fig. 3. An evaluation example of MAX-DOAS spectra for NOo.
annel
) ) . . The spectrum was taken in Heidelberg, Germany at
Fig. 2. (a) Instrument slit function and (b) wavelength-pixel

calibration of the USB2000 spectrograph of the MAX-
DOAS system. In (a), literature wavelength values of
seven mercury emission lines were plotied as a
function of the corresponding pixel number of the CCD.
In (b), the measured light intensity of the mercury
emission line of 334.15 nm was given as a function of
wavelength corresponding to the CCD pixel number.

17:30 on 3 November 2004. Red lines indicate the trace
gas cross sections scaled to the respective absorptions
detected in the measured spectrum (black lines).

Table 1. Specifications for the MAX-DOAS spectrum evaluation. The cross sections of NO2, O3 and SOz were lo-corrected

(Aliwe! et al., 2002).

Campaign Species Wavelength range | Polynomial order Reference cross sections including in the fitting
BrO 346 - 359 3 FRS¢, Ring®, 03, BrO, NO,, O4, HCHO
UA? NO, 399 -415 3 FRS, Ring, 03, NO,, O4
Oy 355-367 5 FRS, Ring, O3, O4, NO,, BrO, HCHO
vpb SO, 305.5-316 2 FRS, Ring, SO,, BrO, Cl10, HCHO, NO,, O3
ppe NO, 399-416 3 FRS, Ring, O3, NO,, Oy
SO, 305.5-317 3 FRS, Ring, SO, BrO, Cl0, HCHO, NO,, O3

4 Urban air pollution measurement

b Volcanic plume measurement

¢ Fossil fuel power plant plume measurement
4 Fraunhofer Reference Spectrum

¢Ring spectrum (Chance and Spurr, 1997)
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