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Abstract: A Rayleigh-Raman scattering lidar system at 355nm laser wavelength has been developed for
simultaneous measurement of the vertical profiles of atmospheric temperature, water vapor and aerosol in the
troposphere. Temperature is determined by the Rayleigh spectral linewidth. Two narrow-band Fabry-Perot filters
with a dual-pass optical layout are used to detect the temperature changes. A high-resolution grating is used to
separate the vibration-Raman line of water vapor at 407nm spectrally for humidity and to block the rotational Raman
interference for temperature measurement. Experiment results show that statistical temperature error is below 1K to a
height of 3.5km, and the uncertainty of the water vapor is below 10% at a height of 2.5km with a lidar system which
uses a power-aperture product of 0.18Wm? and 3.5min observation time.

1 Table 1 System parameters
Laser: Nd:YAG
Wavelength 354.7 nm
Energy per pulse 200 mJ
Pulse Repetition Rate 20 Hz
Spectral line width 90 MHz
Optics:
Grating Groove 2400gr/mm
Telescope diameter 250 mm
Field of view 0.1 mrad
Solar filter bandwidth Inm@60%
Filters:
FP etalon (Freq. Shift, FWHM, Tpeak)
Filter-1 (Rayleigh-1) 1.0 GHz, 300MHz, 60%
Filter-2 (Rayleigh-2) 3.5 GHz, 600MHz, 80%
355nm FP Filter-3 (Mie ) 0 GHz, 200MHz, 55%
Detector: PMT Hamamatsu R3896
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Fig. 1 Schematic of the Rayleigh Raman lidar for profiling of
atmospheric temperature, humidity and aerosol properties. 407.5nm  PMT-4



PMT-5 Filter-2
Energy-Monitor

A/D
Filter-1 4 —
Filter-2 35F 1L |
1.0GHz, 3.5GHz Nk |
-43dB -45dB %
0=0.62 /K 250 1

5

Radiosonde

Height (km)
[\S]

' Date: 2003/08/13 19:30 JST ‘\__‘ R

0 ! ! | Lo L

0 20 40 60 80 1000 1020304050
Relative humidity H (%) Uncertainty AH (%)

: Rayleigh-1

Height (km)

Fig. 4 Relative humidity profiles of the lidar measurement
compared with radiosonde measurements. Uncertainties of
the humidity profiles are due to the signal noise.
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Fig. 2 Range corrected lidar signal and Backscatter ratio vs.
height taken in Univ. of Fukui at 19:30 JST on Aug. 13 with 2
200m]J laser energy and 3.5 min observation time.
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Fig. 3 Temperature profiles of the lidar measurement
compared with radiosonde measurements. Temperature errors
are due to the signal noise.
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