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Pollutant diffusion/variations using 3-D coherent Doppler lidar measurement
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The Doppler lidar is a powerful tool for direct observation of 3-D wind speed/direction. Combining
observations of trace gas/air pollutants with the Doppler lidar allows us to understand the finer diffusion
process of air pollutants. In this report, we present a study of pollutant diffusion over the Fukuoka urban
areas using the MAX-DOAS trace gas profile and ground-based gas/aerosol observations combined with
Doppler lidar wind observations.
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Fig. 1 Locations of observatories (Fukuoka University and Yakuin). Black
arrows indicate the azimuth directions for RHI scanning of 3D-CDL (0°
and 112°). Red arrows indicate the lines of sight of MAX-DOAS. Color
shows altitude.

Fig. 2 Photograph of the 3D-CDL instrument installed at top of building A of
Fukuoka University.

Table 1 Technical specifications of 3-D coherent Doppler lidar system.

Parameter Specification
Source of light DFB-Er doped fiber laser
Wavelength 1.54 um
Pulse energy 1.0 mJ/pulse
Pulse repetition rate 4000 Hz (average power: 4W)
Pulse width 200 ns

Telescope diameter (effective) 120 mm
Range resolution 60 m

Measurable distance up to 12 km (200 range bins)

79 —54%— (LLF3D-CDL) %fRAY: ABE L (33.549°N, 130.366°E) (Zi%iE L (Fig. 1), ##6F 5
N O JRE BN % Bl L7z, 3%iE L7z 3D-CDL O#Hl% Fig. 2 12, 3D-CDL D&% Table 1 12773, Bl
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Fig. 3 Horizontal sections of (left) SNR, (right) radial velocity for PPI (Plan
Position Indicator) scans with an elevation angle of 0° observed on 1
August 2017 by Doppler lidar in Fukuoka at 20:40 JST.

Fig. 4 Photographs of the compact MAX-DOAS instrument installed at Yakuin,
Fukuoka.
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Fig. 5 Tropospheric NO, vertical column densities (VCDs) (molecules/cm?) observed by Car
MAX-DOAS on the Fukuoka Urban Expressway in Fukuoka, along the closed circular
route, on 30 November 2015 (7 circles from 8 am to 3 pm; #1-#7) (Yamaguchi et al.,
2016)%.
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Fig. 6 Time-height section of NO, volume mixing ratio (ppbv) observed by
MAX-DOAS at (a) Yakuin and (b) Fukuoka University on 29 November
2018 (Ueki etal., 2021)?.
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Fig.7 Horizontal sections of radial wind velocity (m s ') for PPI scan with elevation angle of 0°
at 8:28, 11:51, and 13:49 (top panels) and north-south height sections of radial wind veloc-
ity (ms ') for RHI (Range Height Indicator) with azimuth direction of 0° at 8:23, 11:46,
and 14:13 (bottom panels) observed on 29 November 2018 by 3D-CDL in Fukuoka. For
the top panels, axes show horizontal distance (km) from 3D-CDL. For bottom panels, the
horizontal axis is distance (km) from 3D-CDL. The vertical axis shows height (km).

Warm colors represent flow away from 3D-CDL. Cold colors represent flow toward it
(Ueki et al., 2021)°.
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Fig. 8 (Left) SNR and (right) radial velocity for (a) PPI scan with elevation
angle of 0°/ (b) RHI scan with azimuth direction of 112° observed on 29
Jun 2017 by the Doppler lidar at Fukuoka during local front passage
(Takashima et al., 2019) ',
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Fig. 9 Time series of aerosol, equivalent black carbon, ozone, carbon monoxide,
sulfur dioxide observed in Fukuoka on 29 Jun 2017 (Takashima et al.,
2019) ',
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Fig. 10  (left) Photograph of vertical profile measurement using electrochemical sensor
(middle) photograph of the electrochemical sensor unit (right) vertical profile of
NO; observed at Fukuoka University on 22 February 2020.
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