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Fig. 1. Diagram of Raman lidar for synchronous three-phase water detection.
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Fig. 2. Raman spectrum curve of three-phase water.
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Fig. 3. Influences of filter parameters on signal relative intensity and overlap in ice water Raman channel: (a) Signal

relative intensity; (b) overlap for liquid water.
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Fig. 4. Influence of filter parameters on signal relative intensity and overlap in liquid water Raman channel: (a) Signal

relative intensity; (b) overlap for water vapor; (c) overlap for ice water.
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Fig. 5. Influence of filter parameters on signal relative intensity and overlap in water vapor Raman channel: (a) Signal

relative intensity; (b) overlap for liquid water.
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Vg i v P A e TE PR A5 W L e SR H AR R =
min Us = SNR(X, AN). (11)

HAR R IESE A LKA . % RiAE H
P R B0 — A i A D SR s R (B B H A R 3
Uy Us
max U = max(l) max(C)
U.
+ W?M' (12)
SR IE LI AR S A BRI, 7T 3 ) 45 2 [ 25K
TS KR KR = AN T8 0 B Y PR bR 20 08O B
SRR KRR, WK S FT7R, L0 X s B A
AABR AR AL R 73 3 A BE G e o A O K B
PERETE . o 18] 8 (a) A2 [F 25 7K G T8 1R PPAN 45 R,
15 2 0K R B AR R AE 398 nm A AT, i B L
{EAE 3—5 nm JE[E A; B8 (b) AW A KEE 1T
Wrab B, 0B K403 nm 75 45, 55 BUE 7E
4—7 nm Z (A0, PEAN R BCH B LR TE L B 8 (c)
TR KPGHEIE PPN £ R, 20K 407.6 nm
FE A, S BUETE 0.3—1 nm 2 (A, $P4 86 ol
B e e

#1 RUBENEBEECR SR ESE
Table 1. Filter parameters and relative overlap after

optimized.

Raman Ice water  Liquid water Water vapor
channel

Central
wavelength /nm
Full width
at half 3.1 5.0 0.6

maxmium/nm

397.9 403.5 407.6

CL1 = 0.37
O =0513 U Cwr, = 0.095

Overlap o 0.128
Lw = 0.
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JKIBIE; (c) AKVKIEIE Fig. 9. Influences of different efficiency factor on SNR
Fig. 8. Evaluation results in each phase-state water curves for three-phase water daytime measurement of
channel: (a) Ice water channel; (b) liquid water chan- Raman lidar under cloudy model: (a) 640 J-mm-min;
nel; (c) water vapor channel. (b) 960 J-mm-min; (¢) 1800 J-mm-min.
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Fig. 10. Influences of different efficiency factor on SNR
curves for three-phase water daytime measurement of
Raman lidar under clear model: (a) 640 J-mm-min;
(b) 960 J-mm-min; (c¢) 1800 J-mm-min.
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A5 7KORH [i] 245 7K A 25

g
2
=
=
o0
c
jan)
0 . I . I . I . I . I
0 2 4 6 8 10
Water vapor mixing ratio/g-kg=!
g
&
~
+~
=
o0
c
jus
0 P T T R L .
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
Liquid water mixing ratio/g-kg~!
8
6
g
v}
4
o0
c
jas)
2
0 P T T TR S| I

0 0.02 0.04 0.06 0.08 0.10 0.12
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Fig. 11. Retrieved mixing ratio profiles of three-phase
water and measurement errors and measurement er-
ror: (a) Water vapor mixing ratio; (b) liquid water

mixing ratio and (c) ice water mixing ratio.
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Design and simulation analysis of spectroscopic system
for synchronous atmospheric three-phase water
detection based on Raman lidar”
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Abstract

Water is the only atmospheric parameter with three-phase states. The study on distribution and variation in
three-phase water is of great scientific significance for understanding cloud microphysics, cloud precipitation physics,
and water circulation, especially in the fields of artificial weather process. In the Raman lidar detection technology of
three-phase water, it is necessary to solve the problem of high-spectral spectroscopic technique to ensure fine extraction of
the echo signal and the detection with high signal-to-noise ratio (SNR). Considering the Raman spectrum characteristics
of three-phase water, the influences of filter parameters in the Raman channels on the overlapping characteristics are
theoretical simulated and discussed in detail, and the SNR is investigated as well. Regarding the fact that optimal
solution can be obtained for neither overlapping nor SNR at the same time, an evaluation function method based on the
multi-objective programming problem is proposed to analyze the optimal filter parameters. The results show that the
minimum overlapping value and the higher system SNR can be obtained when the central wavelength and bandwidth of
the filters are determined to be 397.9 nm and 3.1 nm, 403 nm and 5 nm, 407.6 nm and 0.6 nm in solid water, liquid water
and water vapor channel, respectively, and thus the optimal design can be realized for synchronous detection Raman
spectroscopic system for three-phase water. Further simulation results show that effective detection can reach above
3.6 km in the daytime and over 4 km on sunny days under a system factor of 1800 J-mm-min for three-phase water
Raman measurement in the daytime. Furthermore, the obtained overlapping values are applied to accurate retrieval
theory for three-phase water profiles. The simulated profiles of atmospheric water vapor, liquid water and ice water
indicate that the water vapor, liquid water and solid water content can be increased synchronously in the cloud layer,
and their content, distribution characteristics and the corresponding error are also discussed. The above results validate
the feasibility of highspectral spectroscopic technique for detecting the synchronous atmospheric three-phase water, and

will provide technical and theoretical support for synchronous retrieval of three-phase water by Raman lidar.

Keywords: three-phase water, Raman lidar, fine detection, simulation
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