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Atmosphere Temperature Profiling and a Fusion Algorithm Based on
Polarization HSRL and MWR
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YAN Qing, HUA Dengxin
(School of Mechanical and Precision Instrument Engineering, Xi'an University of Technology, Xi'an 710048, China)

Abstract: Atmospheric temperature is the basic parameter for the detection of atmospheric fine structure,
and obtaining high—precision atmospheric temperature profile is crucial for weather forecast and climate
research. In this paper, the self-developed polarization high—spectral-resolution lidar is used to realize the
all-day and high signal-to—noise ratio measurement of atmospheric temperature. The algorithm by
combining polarization high—spectral-resolution lidar and microwave radiometer are proposed by linear
splicing method, and the complementary advantages of the two are realized. The results show that the
polarization high—spectral-resolution lidar can realize the effective detection of atmospheric temperature at a
distance of 4 km, and the error is mainly within =2 K. The detection error of microwave radiometer is
relatively low within 3 km, and the error is between —4 K and —2 K above 3 km. After splicing, the error
is =1 K within 3.5 km, and the correlation increases from 0.95 to 0.97. The results show that the lidar can
effectively detect the atmospheric temperature in the boundary layer. Through the integration with the
microwave radiometer, the blind area problem of the lidar can be solved, and the detection accuracy of the
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microwave radiometer can be improved.

Key words: High-Spectral-Resolution Lidar (HSRIL) ; Polarization lidar; Microwave radiometer;
Atmospheric temperature
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Fig. 1 Spectroscopic system diagram of polarized high spectral resolution lidar
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Table 1 System parameters of polarized HSRL

Parameters Values
Laser wavelength 354.7 nm
Pulsed energy 50 mJ
) ) Repetition frequency 10 Hz
Emitter and receiver system L
Spectral linewidth 90 MHz
Diameter of telescope 250 mm
Field angle 0.1 mrad
L . T,>97%, T 1%
) Polarization beam splitter
Spectroscopic system R.>99.5%,R, < 5%
Transmission exctinction ratio 1000:1

Quater-wave plate Precision of phase delay: <<A/100

Detector PMTs Hamamatsu R7056

Quantum efficiency 0.23 @355 nm
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Table 2 Performance parameters of the Filter

Item Parameters
FPE filter FPE, FPE, FPE,
Frequency shift 0 GHz +2.7 GHz +1.25 GHz
FWHM 340 MHz 340 MHz 340 MHz
Mie rejection / 41077 1Xx10°°
Rayleigh transmittances / 1.5% 4%
Temperature sensitivity / —0.011%/K 0.038% /K
Set temperature 309.5 K 313K 311.2K
FSR 10 GHz
Tea 0.6
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Table 3 System parameters of microwave radiometer

Parameters Values
Type MP3156A
Accuracy 0.1~1K
Channels 22.234,23.034,23.834,26.234,30.000,51.248,52.280, 53.848,54.940,56.660, 57.288,58.800
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Table 4 Temperature splicing of microwave radiometer and lidar
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