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Development of a portable Raman lidar system for continuous water-vapor
measurement in the boundary layer
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abstract: lidar(Light Detection And Ranging) is one of remote sensing methods.We have
been developing a continuous (24hour) and portable Raman lidar system for water vapor both
in daytime and nighttime.The developed system consists of a Nd:YAG laser (SHG:532 nm,
30 mJ,20 Hz) and a Schmidt-Cassegrain telescope with a 35.5cm diameter.The observation
error of mixing ratio at 200 m height is estimated to be less than 20% in the daytime for a
time and height resolution of 30 minutes and 50 m through continuous observations with 0.25
mrad and with 1.6 mrad divergence at Shigaraki MU observatory, Shiga in Japan,June,2004.
The error decreased to be less than 6% with narrower beam divergence.(0.2mrad) in
November,2004.We confirm that the calibration function with height between rotational-
vibrational raman channels for nitrogen and wator vapor molecules is stable for at least 3
months with 1.6mrad divergence of laser power.
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Figure 1: Outlook of the lidar

Portable Raman lidar system

Telescope Schmidt-Cassegrain
®355cm £=3.995m
Laser Q-switched Nd:YAG pulse laser
Quantel: Brilliiant Ultra Stable
532nm,30mJ,20Hz
beam divergence @86.5%:5.3mrad ,1.0mrad
Transmitted beam divergence 1.06mrad,0.2mrad
(after 5 X beam expander)
Quantel: Brilliant GRM
532nm,30mJ,20Hz
beam divergence @86.5% :1.0mrad
Transmitted beam divergence 0.2mrad
Colimating lens
BK7,p= 50.8mm, EFL = 125mm
Focusing lens
BK7,0=50.8mm, EFL = 60 mm
Iris 1-25mm
Dichroic Mirror
532R/607T , 560R/660T
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Figure 2: Block diagram and ground plan of the lidar

Center 607.17nm, Bandwidth:0.99nm

Center 660.19nm, Bandwidth:0.90nm

Center 660.70nm, Bandwidth:10.7nm
PMT: Hamamatsu Head-on PMT H7360-03

¢22mm Count linearity 6x 10°
Darkcount 10366 /s (660nm)
12510 /s (607nm) @25

Countsensitivity 1.3 >< 10”5 /s pW @607nm
1.0 x 10”5 /s pW @660nm

Data Acquisition
Oscilloscope

LeCroy waverunner LT342:8bit-A/D-500Mhz

Photon counter

ASRC AeroSpace: MultiChannel Scaler (4channel)

Resolution: 7.5m - 1594.5m

Table 1: Specification of the lidar system
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June November
Beam divergence Beam divergence
1.6 mrad 0.2 mrad
Water vepor
mixing ratio
by ground 14.4 g /kg 8.8 g/kg
observation
200m 2-6% 10-20% 0-4% 4-6%
300m 4-8% 20-30% 0-5% 15-%
600m 14-22% 76% 20-35% [100%
Table2:Statistic error of water vapor mixing ratio by raman-
lidar observation
4, 2004 5  12-13 11 5-6 2005 3 25
8
1.6 mrad 11
5-6 30m 50
m 1 km
(Figure 4) 150-400 m
(Figure 5) Figure 4 100 m(~
600 m) 200 m(~ 1 km)
2000 3 ™) 2000 [T T A ' 7
ey “WI..- A 141 ™ 150 m .
_ [ B 200m ]
) 2 10k e 250m ]
1500} 11500 3 “r ¢ X0m ]
’ 2 A %om b A % ]
Bl ¢ 400m :
58 A .
1000} {1000 =T A PP
e o ;
s00} { s00 g s - ]
.é :
2 N -
0 L l: 1 0 ﬂ:‘.‘\. IR R | M IR | [
0 5 10 15 20 0O 5 10 15 20 0 2 4 6 8 0 12 14

Mixing ratio [g/kg]

Mixing ratio [g/kg]

Figure 4 Profile of water vapor
mixing ratio versus height
Black:Lidar Gray:Radiosonde

Left 0100LT on May 13™
Right 0100LT on Nov 6
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Figure 5 Comparison of water
vapor mixing ratio between
raman-lidar and radio-sonde
observation
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Figure 6 First Contour of water vapor mixing ratio by lidar observatlon

2 22 -0.6

Second Contour of signal power of nitrogen channel of ramanlidar
Third Contour of back scattering ratio by ramanlidar

Forth Compariton of water vapor mixing ratio between ground observation ,lidar observation at 200 m and 150 m
Sixth Left ground temperature Right noise count of water vapor channel
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