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Data assimilation experiment of water vapor observations of Raman lidar and Vaisala DIAL at
Meteorological Research Institute
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Abstract: Data assimilation experiments of a water vapor Raman lidar (RL) at Meteorological Research Institute
and prototype differential absorption lidar (DIAL) developed by Vaisala are made by using the Japan Meteorological
Agency mesoscale weather prediction model. The experimental results showed that assimilating water vapor mixing
ratios obtained with the RL improved the 3-hour forecast of water vapor vertical distribution over the lidar site,
whereas those obtained with the DIAL led little improvement on the forecast. One possible reason for the little
improvement for the DIAL data assimilation is that they had a negative bias (0.6 g/kg on average) in the altitude
region below 0.5 km, but further investigation is needed.
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Table 1 Specifications of RL and DIAL used in this study

ik RL DIAL
Laser Transmitter
Wavelength 355 nm 911 nm (on), 910.6 nm (off)
Average power 200 mJ/pulse 9 wJ/pulse
Repetition rate 10 Hz 10 kHz
Receiving telescope
Diameter 40 cm 15 cm, 28 cm
Data resolution
Temporal 20 4y 20 47
Vertical 75m (below 1km)/ 100-500 m (increases with height)

150 m (above 1km)
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Table 2 Specification of JMA mesoscale model (MSM)

Horizontal resolution 5 km (817x661)

Vertical layers 76 (Surface-21.8 km)

Time step 33.3 second

Initial condition JMA mesoscale analysis (MA)
Lateral boundary condition JMA global scale model (GSM)
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Fig. 1 Temporal and vertical cross section of water vapor mixing ratio obtained with MRI RL (a) and Vaisala DIAL
(b) from 1 September to 5 November 2020 at Tsukuba. For RL, the data with uncertainty less than 30% are plotted.
For DIAL, the maximum height is determined from the statistics of online-to-offline signal ratio over the 20 min
averaging period.
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Fig. 2 Scatter plots of water vapor mixing ratio obtained with the lidar versus that obtained with radiosondes at
8:30 JST and 20:30 JST. (a) is for RL and (b): DIAL
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Fig. 3 Histograms of the difference of water vapor mixing ratio between MSM forecasts and radiosonde observation
for the period from 3 September to 3 October 2020 at Tsukuba. (a) MSM forecasts without assimilating lidar data,

(b) MSM forecasts assimilating RL data, and (¢c) MSM forecasts assimilating DIAL data.

Fig. 4 Height distribution of numbers of lidar data assimilated to MSM for the period from 3 September to 3
October 2020. Orange and blue bars are for DIAL and RL, respectively.
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Fig. 5 Vertical distributions of the difference of water vapor mixing ratio between (a) RL and radiosonde and (b)
DIAL and radiosonde from 3 September to 3 October 2020 at Tsukuba. The open squares with horizontal bars show
the averages and standard deviations over a 0.5 km interval.
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