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Sea breeze front observations with water vapor Raman lidar and Doppler lidar at Tokyo Bay 

-Case study of local heavy rainfall on 19 August 2017- 
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Abstract: The frequency of localized heavy rainfall has been increasing in Japan for the last forty years. However, the 
detailed process on the initiation of deep convection that causes local heavy rainfall has not been well understood 
because partly of lack of the observational data on the water vapor and wind fields and their evolution. To improve our 
understanding of this process, the vertical distributions of water vapor, aerosols and clouds, and horizontal wind were 
measured using a automated compact mobile Raman lidar and a Doppler lidar during the passage of a sea breeze front 
(SBF) on 19 August 2017 at Tokyo Bay when local heavy rainfall occurred inland. Furthermore, a simulation using the 
Japan Meteorological Agency nonhydrostatic model was performed to study the evolution of the SBF and its influence 
on the initiation of deep convection. These results demonstrate that the lidar measurements are useful to validate the 
model and improve our understanding of initiation of the convection that can cause local heavy rainfall. 
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Fig. 1 Observation sites of Raman lidar and Doppler 
lidar ( ). Gray lines show NHM-computed air mass 
trajectories passing 0.25 km-height over the lidars at 
10JST. The open diamonds (à) show the location of air 
mass every hour on the hour before and after 10JST. 
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Fig. 2 Temporal and vertical cross sections of lidar-
derived (a) water vapor mixing ratio, (b) range-
corrected backscatter at 355 nm, and (c) horizontal 
wind vector (arrows) and the northwestward wind 
speed (color scale) on 19 August 2017. The vectors 
show before 17JST to ease seeing inside the sea 
breeze. Dashed lines show the height of sea breeze 
estimated from cloud base height shown in Fig. 2b. 

 
Fig. 3 Horizontal distributions of Doppler wind speed 
obtained with Doppler lidar at 10:11, 10:42, and 11:17 
JST on 19 August 2017 over Haneda. The elevation 
angle was 2 degrees and the radius of circle is 10 km. 
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Fig. 4 (a) Horizontal and (b) vertical cross sections 
of equivalent potential temperature (color filled 
contour), cloud water content (magenta line 
contour), and wind vector (arrows) simulated with 
NHM at 15JST on 19 August 2017. Solid line A-B 
in Fig. 4a is along the vertical cross section of Fig. 
4b. Open squares show the measurement site. 
Dashed lines show the isentrope of 355 K. 
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Water Vapor Mixing Ratio over Ukishima on 2017/08/19

     
0.0

0.5

1.0

1.5

2.0

Al
tit

ud
e 

(k
m

)

Time-JST [Hour]
0 3 6 9 12 15 18 21 0

  
 

 

  
 

 

10.0
11.5
13.0
14.5
16.0
17.5
19.0
20.5
22.0
23.5
25.0

g/kg

Horizontal Wind Vector over Haneda on 2017/08/19
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