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Table 1 Related parameters of different rainfall types

Rain rate R
Type of rainfall ain rate R /

Number density N,/

Average scale D,/ L
& de Standard deviation o,

(mm -+ h™ ") mm
Light rain 1 172.00 0.72 2.0
Moderate rain 10 285. 45 1.22 2.0
Heavy rain 100 473.73 2.08 2.0
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Table 2 Attenuation coefficient of rain with different

rain rates
R /(mm+h™" 1 10 100
g/ km ! 0.362 1.78 7.20
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Fig. 1 Relationship between fog attenuation and time. (a) Radiation fog; (b) advection fog

pn @) =p, +p @), (6)
Hi Lambert-Beer % 3 1) 48 B0 Jdl B0 AR 1] 45
() =exp[—p@L], D)

AL B R e, B me 5 W55 19 0 U
FRI L AT LA 2 RN 25 2 A7 1 D0 T B 38 8 R B AUA
(72 BB i B 25 100 m, ol LAAS 31 48 5 25 FF- i
Z5AE =Rl S A [ TR OO T 38 5 R BE I 1) A9 22 AR O

1.0

(@) —— light rain
----- moderate rain

0.8} - - - heavy rain
2
% 0.6
2
=]
z
g 0.4+
=

02F

% 1 2 3 4 5
Time /h

ZLNE 2 FiR,

IR 2 FT LA M, B A R T X 25 1R 0 o 38 B 32
B, HEIE . W K T . DAY SR
R WAt 5 R DL AR T . BRI 55 R 2 e h AR R
AV S S AR e A T Ao A 2 B DR U o A 3R B (]
SRS, T 55 55 T RLAR KL AE R TR R T
BT P B B S OB R AL T (A .

()

— light rain
=Y - moderate rain
‘% 0.6 - - - heavy rain

Time /h

K2 im S AREEN AR R . (OS5 (D)%

Fig. 2 Time dependence of transmissivity. (a) Radiation fog; (b) advection fog
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Table 4 Variation of radiation fog parameters with time
Parameter 0h 0.5h 1h 2 h 3h 4 h 5h
g 0.8313 0. 8304 0.8361 0. 8317 0. 8360 0. 8304 0.8332
#[/mfl 0.0058 0.0054 0.0051 0. 0046 0.0042 0. 0040 0.0038
1) 0.9991 0.9991 0.9992 0.9992 0.9992 0.9992 0.9992
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Table 5 Variation of advection fog parameters with time
Parameter 0 h 0.5h 1h 2 h 3 h 4 h 5h
g 0.8015 0. 7955 0. 7940 0.8019 0.8201 0. 8336 0.8421
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Fig. 3 Time dependence of transmissivity under different transmission distances. (a) 100 m; (b) 1000m
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Dynamic Propagation Characteristics of 1.55-um Wavelength Laser in
Rain and Fog Coexisting Weather

Yu Renjiao™, Li Zhenhua™, Lai Jiancheng, Wang Chunyong, Wu Zhixiang
School of Science, Nanjing University of Science & Technology, Nanjing, Jiangsu 210094, China

Abstract

Objective The coexistence of rain and fog is a common atmospheric phenomenon in winter. When laser is
transmitted in rain and fog weather, the attenuation is not only affected by rain but also by fog. Because of the small
rainfall rate, fog attenuation is usually greater than rain. Globally, numerous studies have been conducted on the
transmission characteristics of laser in rain and fog individually, but research on laser transmission characteristics in
rain and fog coexisting weather is inadequate. To the best of our knowledge, the interaction between raindrops and
fog droplets has not been considered. In this study, based on the mechanism of rain clearing fog, we improve the
existing models and propose a prediction model of atmospheric attenuation in rain and fog coexisting weather, which
dynamically shows the changes of atmospheric attenuation and transmittance with time in rain and fog coexisting
weather. We believe that the findings of this study will have reference significance for the estimation and evaluation
of atmospheric attenuation in wireless optical communication and related fields.

Methods In rain and fog coexisting weather, the precipitation process has a significant effect on fog removal. As
fog is removed by raindrops, the scale distribution of fog will change. In this article, we employ the general dynamic
equation considering wet deposition to study the dynamic change of fog with the removal of raindrops. Then, we use
the lognormal scale distribution model of raindrops and Gamma distribution model of radiation fog and advection fog to
calculate the total attenuation of rain and fog after clearing. Further, we employ Lambert-Beer law to reckon the
transmittance of laser after a certain distance. Finally, the numerical results are compared with the Monte-Carlo
simulation results to verify the rationality of the proposed model to a certain extent.

Results and Discussions The rainfall intensity positively correlates with the fog removal effect. Since the rainfall
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in rain and fog coexisting weather is small, the attenuation of fog gradually decreases with the removal of fog by rain
(Fig. 1). When the rainfall rate is 1 mm/h, the transmittance of advection fog tends to be stable after 5 h of
rainfall, whereas, the radiation of fog takes a longer time (Fig. 2). The water content of advection fog is higher
than that of radiation fog, so the albedo of advection fog is higher than that of radiation fog. Owing to the obvious
removal of advection fog by rain, the density of advection fog decreases, the proportion of raindrops per unit volume
increases, the absorption increases, the scattering weakens, and the albedo of particle swarm increases (Tables 4
and 5). When the transmission distance is 1000 m and transmittance is less than 5%, the transmittance calculated
using the Monte-Carlo method is larger than that calculated using the Lambert-Beer law, and vice versa in other
cases.

Conclusions In this article, we employed the lognormal scale distribution model of raindrops and Gamma
distribution model of radiation fog and advection fog to study dynamic change of fog with raindrop removal using the
general dynamic equation considering wet deposition. Based on the basic principle of atmospheric attenuation, the
attenuation of laser propagation in the atmosphere changes with the fog scale distribution model. Because most of the
radiation fog droplets are medium-sized aerosols, they are difficult to be wet removed by rainfall, so the
transmittance increases slowly with time. The droplet size of the advection fog is large and quickly removed in the
case of moderate and heavy rain, and then the transmittance is at a fixed value. Through Monte-Carlo simulation
analysis of laser transmission in the atmosphere, in the case of small attenuation, the photon moving step is larger,
the scattering times in a fixed distance range are less, the particles hardly reach the receiving plane after the
collision, and the calculation results of the Monte-Carlo method are minute. With the increase in particle number
density and transmission distance, the number of scattering increases, and the transmittance calculated using the
Monte-Carlo method is slightly higher than that calculated using the Lambert-Beer law. Over time, owing to the
removal of fog by rainfall, the droplet number density decreases, and the numerical difference between the two
methods increases.
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