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Abstract: Vertical distributions of water vapor concentration measured with coherent differential absorption lidar
(DIAL) developed by Mitsubishi Electric Corporation, Raman lidar (RL) at Meteorological Research Institute, and
radiosonde were compared at Tsukuba, Japan in April-July 2023.

The mean absolute differences (MAD) of DIAL-derived water vapor mixing ratios from those derived with
radiosondes at altitudes between 0.2 and 1.1 km were +0.50~-1.36g/kg and the root mean square difference
(RMSD) was 1.58 g/kg, and those of the RL-derived data were +0.38 g/kg~-0.43g/kg and the RMSD was 1.20 g/kg.
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Table 1 Specifications of DIAL and RL used in this study.

Lidar DIAL RL
Laser Transmitter DFB-LD and fiber amplifier Nd:YAG
Wavelength 1531.3828 nm (on) 355 nm
1531.5550 nm (off)
Average power ~40 pl/pulse ~200 mJ/pulse
Repetition rate 32 kHz 10 Hz
Telescope diameter 7 cm 40 cm
Detection method Coherent Direct
Data quantities Water vapor density and wind speed  Water vapor mixing ratio
Temporal resolution 10 minutes (water vapor) 20 minutes
1 minute (wind)
Vertical resolution 200 m (water vapor) 75m (below 1km)/
100 m (wind) 150 m (above 1km)
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Figure 1 Time-altitude cross section of water vapor mixing ratio obtained with (a) Mitsubishi DIAL and (b) MRI
RL on 25-26 May 2023 at Tsukuba. The data after quality control are plotted. Arrows in the bottom show the time
when collocated radiosondes were launched shown in Fig. 2.
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(@) 2030JST 25 May 2023 (b) 830JST 26 May 2023
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Figure 2 Vertical distributions of water mixing ratio obtained with Mitsubishi DIAL (Orange diamond), MRI RL

(blue triangle), and radiosonde (open black square) at (a) 20:30JST on 25 May and (b) 8:30JST on 26 in 2023 at
Tsukuba.
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Figure 3 Scatter plots of water vapor mixing ratios obtained with (a) Mitsubishi DIAL and (b) MRI RL versus those
obtained with radiosonde at 8:30JST and 20:30JST for 40 days. The periods are between 6 April and 15 May 2023
for (a) and between 23 May and 8 July 2023 for (b).
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Figure 4 Vertical variation of mean absolute difference of water vapor mixing ratio obtained with (a) Mitsubishi
DIAL and (b) MRI RL from that obtained with radiosonde at 8:30 JST and 20:30 JST. Symbols and error bars show
the mean and standard deviation. The periods of the comparisons are the same as Fig. 3.
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