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Water vapor Raman lidar observations in Kyushu and improvement of heavy precipitation
forecasts associated with meso-scale convective systems
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Abstract: We conducted field observations using two water vapor Raman lidars (RLs) at the Koshiki and Nagasaki
sites in Kyushu, to clarify the detailed structure of a moist low-level jet (MLLJ), which plays a fundamental role in
the formation and maintenance of mesoscale convective systems (MCSs). The two RLs observed the inside and
outside of an MLLJ, which was providing moisture to an MCS with local heavy precipitation on 9 July 2021.
Comparing the inside and outside vertical moisture profiles revealed that most of the water vapor in the MLLJ was
concentrated below the convective mixing layer height of 1.6 km. We conducted data assimilation experiments,
showing that assimilation experiments ingesting the RL data produced better nine-hour precipitation forecasts than
the experiment that did not assimilate the RL data. This result implies that the assimilation of vertical moisture
profiles could be well suited for numerical weather prediction of local heavy precipitations.
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Figure 1 : Vertical profiles of water vapor mixing ratios at (a) Nagasaki and (b) Koshiki on July 9, 2021. The periods A, B,
and C correspond to outside of the MLLJ, northern edge of the MLLJ, and inside of MLLJ.
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Figure 2: (a) shows the vertical profiles of moisture observed with RLs at Nagasaki and Koshiki at 1200 UTC on July 9,
2021. The vertical moisture profiles for Nagasaki (red) and Koshiki (blue) are based on one-hour averaged data. (b) shows
the vertical profiles for virtual potential temperature, and relative humidity (RH) observed with radiosonde released from
Kagoshima Meteorological office at 1130 UTC on the same day. Blue and red circles in (a) indicate the water vapor mixing
ratios measured on the ground at Koshiki and Nagasaki, respectively.
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Figure 3: The horizontal distributions of water vapor mixing ratios and horizontal wind fields in data assimilation
experiments at 539 m asl at 1500 UTC on 9 July. (a) CNTL, (b) KO, and (¢)KO minus CNTL.
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Figure 4: (a) and (b) show distributions of forecasted nine-hour precipitation in data assimilation experiments from
1500 UTC 9 July in CNTL and KO experiments, respectively. (c) shows nine-hour precipitation from 1500 UTC 9
July estimated in Radar/rain gage-analyzed precipitation (RA). The red circle represents the locations of Koshiki site.
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