% 46 5% 10 NGk AR 2017 % 10 A
Vol.46 No.10 Infrared and Laser Engineering Oct.2017

G SHATERVIL "X EXKIEE
K AR IR MO AR 2S5 LK K R

(1. T EAFRERY FAFH AL SR T BIRLT RARSEAFELLRE,
S AR 2300315 2. P AR FH AR, L8 A2 230031)

W OE. HABRKABENEA)AFMEABLBRRAARZARAFT LT K, — B2 LA REN
I8 S UM 3T 5, B AT F R H AR R R AR IR E K AR o Ae i 18 0% R A T
Ky TAREFPEARETHAERAET, R ARG IR Z Fe 2 A O TR AN F X
ABBERAA— R, RE R AR EAFEESREGAERE T AT EERR B EMNEHE, R
T G b B 1§ MO F BB T A IR T 2 2B EAR L Fra, S g S F ik
MG & o R, B R SNF RS A R T SO AL b gk, PR AR TR &
W LS4 R AT 5 o RO A TR R AR E e o kAR S LAk BB A T IR R K 69 A R
THATLLZAGZIHE  BREEAFE, ETERFRRAKRELREHS LT ERLF T, ZHR
KEEXE 2014 F 11 A B A FPRAFHRARFRE KA, £ KEFAEALZLTLVN,
JETF KA ERIEM 2RI ORIk B2 29 24 200m), 37 % A 20 Hz, Rk AP 304 5000 &, = 18] 45 9%
FHT5m, FHLEREN, B I LR LUEBRER DR AEMHTREMNELTEZDT 15K, 0
THETA 10km, £ 7.5km A TAIHEEZDT IKEASZREBRAEEERALNH T, BEMNTLIT
i £ 43K A4, M EH K ERE A 6~8km, £ 4.8km A F4itig £/ F 1K,

KR #wuFh;, “iHEd; SARERE; THELA

FESES,: TN249 XEkFRER: A DOI: 10.3788/IRLA201746.1030001

Pure rotational Raman lidar measurements of atmospheric
temperature near ground in Beijing
Shang Zhen'?, Xie Chenbo', Wang Bangxin'?, Tan Min'?, Zhong Zhiging', Wang Zhenzhu',
Liu Dong', Wang Yingjian'?

(1. Key Laboratory of Atmospheric Composition and Optical Radiation, Anhui Institute of Optics and Fine Mechanics, Hefei
Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, China;
2. University of Science and Technology of China, Hefei 230031, China)

Abstract: The vertical distribution of the atmospheric temperature in the troposphere is directly related to
the meteorological phenomena and the diffusion of atmospheric pollutants. It has been the major

parameters observed by the meteorological department and the environment sector. The lidar technology
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has become an effective method to detect the vertical distribution and time variation of the atmospheric
temperature in the troposphere. Lower tropospheric temperature profile measured by lidar using the
Rayleigh and vibrational Raman scattering can’t be obtained accurately due to the abundant aerosols.
Using N, and O, molecular pure rotational Raman scattering signal, the lower tropospheric temperature
profile can be obtained without the influence of lower tropospheric aerosol theoretically. The main
difficulty of the rotational Raman lidar is design and mechanics of the receiving spectroscopic system. In
domestic research, most of the lidar systems use the spectroscopic technique based on double grating
spectrometer. The technique based on the interference filters was introduced in this paper and used in our
lidar system for observation of the tropospheric temperature. This technique had more efficiency and
suppression in separation of the pure Raman signals from Mie signals. Furthermore, the system’ s
sensitivity can be optimized by selecting the tilting angle of the filters. The experiment was based on the
project of "Formation Mechanism and Control Strategies of Haze in China" carried out by the research
groups of the Chinese Academy of Sciences. Our lidar system was moved to the super atmospheric
observatory in University of Chinese Academy of Sciences on November 2014 and the experiment were
taken during the APEC conference. The energy of laser in ultraviolet was about 200 mJ, the frequency
was 20 Hz, the laser pulse number was 5 000, the spatial resolution was 7.5 m. The experimental result
shows that the statistical error between lidar and radiosonde are less than 1.5 K with the range up
to 10 km and the statistical error of less than 1 K is obtained up to 7.5 km height in the clean night.

Larger differences of about 3 K at the region above the thin cloud may be caused by the strong elastic

% 46 %

backscatter signal and the statistical error of less than 1K is obtained up to 4.8 km height.
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Fig.1 Relationship between the intensity /(J,7) and temperature T of

the pure rotational Raman spectra of the diatomic molecule
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Tab.1 Technical parameters of the pure rotational

Raman lidar system

Item Parameter
Wavelength 354.7 nm
Pulse repetition rate 20 Hz
Later Pulse energy 200 mJ@355 nm
Beam divergence <0.45 mrad
Beam expansion 3
Primary mirror diameter 450 mm
Telescope focal length 4 000 mm
Receiver
Field of view 0.5-2 mrad
Interference filters See table.2
Detectors PMT Hamamatsu R7400
Data Analog mode 12 bit,20 MHz
acquisition Photon-counting mode 250 MHz
system Range resolution 7.5m
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Tab.2 Filter parameters

fN)=Aexp
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