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A study on calibration techniques for water vapor Raman lidar using GNSS-PWYV and meso-scale model
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Water vapor is an important component in atmospheric processes such as the atmospheric energy budget and global water cycle. Raman

lidar techniques are useful for observing water vapor profiles. However, the calibration factor must be determined before estimating

water vapor mixing ratio from Raman signals. Because calibrate factor is typically evaluated by comparing with the result of radiosonde

observations, it is difficult to apply lidar observations at sites where radiosonde observations cannot be carried out. In this study, we
propose a new calibration technique for water vapor Raman lidar using global navigation satellite system (GNSS)-derived precipitable
water vapor (PWV) and Japan Meteorological Agency meso-scale model (MSM). The analysis was accomplished by fitting the GNSS-
PWYV to integrated water vapor profiles combined with the MSM and the results of the Raman lidar observation. This technique can
be applied to lidar signals under a limited height range due to weather conditions and lidar specifications.
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Figure 1. Schematic of the new Raman-lidar

calibration method using GNSS-PWV and MSM. K
m+g 18 estimated by fitting the GNSS-PWV to
integrated water vapor profiles combined with the
MSM (Msy) and the results of the Raman lidar
observation. This method can be applied to lidar
signals under a limited height range due to weather
conditions and lidar specifications.
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Figure 2. Time series of the vertical distribution of
F(z) derived from the Raman lidar signals. A dotted
line indicates the upper limit of F(z) . Thin-solid,
dashed, and thick-solid lines are the calibration
factors estimate by three procedures as described in
Sec. 3. The value of K is estimated by the water
vapor profiles of radiosonde launched at 13:30 JST on
June 13, 2016.

Table 1. Mean values of the estimated calibration factors
for each case. Values in parentheses are the standard
deviations.

Calibration factor

Ks 1.36
Period: A Period: B Period: C
Km 1.25 (0.091) 1.24 (0.092) 1.45 (0.49)
Knmag 1.38 (0.16) 1.37 (0.071) 1.32 (0.18)
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