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Abstract
Free Space Optics (FSO) or optical wireless technology is similar 
to the fiber optic communication except the fiber optic in which 
the data is transmitted through the atmosphere using laser beam 
from transmitter to receiver. In spite of the possibility of different 
applications, the performance of such links is highly dependent 
on different weather conditions particularly in presence of fog. 
Snow also affects the free space optics. The weather conditions 
that reduce visibility affect the FSO performance. In this paper 
the combined effect of specific attenuation due to Fog and Snow 
on FSO and RF links is compared.
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I. Introduction
Fog is characterized by several physical parameters such as 
liquidwater content, particle size distribution, fog temperature 
etc. The fog causes attenuation due to scattering and absorption 
because the size of fog particles is comparable to the transmission 
wavelength of optical and near infrared wave. When a snowflake 
crosses the laser beam, the receive signal level depends on the 
diameter of the snowflake and distance from the transmitter, as 
well as the position of the snowflake relative to the cross section 
of the beam.
This paper has been organized as follows: After introduction in 
section I, the Fog and Snow attenuation model of FSO and RF is 
considered in Section II and the combined effect of Fog and Snow 
on FSO and RF links is described in section III, Conclusions are 
drawn in Section IV.

II. Fog and Snow Attenuation Model For FSO and RF 
Links
The formation of a fog layer occurs when a moist air mass is 
cooled to its saturation point (dew point). This cooling can be the 
result of advection of warm air over cold surfaces (maritime fog), 
radiative processes (continental fog), evaporation of precipitation 
(frontal fog), or air being adiabatically cooled while being forced 
up a mountain. The Snow Attenuation Model for FSO and RF 
links is also considered

A. Fog Attenuation Model for FSO
The specific attenuation for both Kim and Kruse model is given 
by [3]
β(λ)=13 (λ)-q/V(550)-q    (1) 
Here, V(km) stands for visibility, λ in nm stands for wavelength 
and λ0 as visibility reference (550 nm). For Kruse model [1,5]

   (2)                                                   
The attenuation of 1550 nm is expected to be less than attenuation 
of shorter wavelengths. Kim rejectedsuch wavelength dependent 
attenuation for low visibility in dense fog. The q variable in 
equation (1) for Kim model is given by [2,6]

   (3)
Al Naboulsi et al. (France Telecom model) has provided relations 
to predict fog attenuation. It characterizes advection and radiation 
fog separately. The advection fog is formed by the movements of 
wet and warm air masses above the colder maritime and terrestrial 
surfaces. Al Naboulsi provides the advection fog attenuation 
coefficients as [2].

   (4)
Radiation fog is related to the ground cooling by radiation. Al 
Naboulsi provides the radiation fog attenuation coefficients as 
[2]

  (5)
The specific attenuation for both types of fog is given by Al 
Naboulsi as follows [2]

    (6)
Al Naboulsi gives linear wavelength dependence of attenuation 
in case of advection fog and quadratic wavelength dependence 
of attenuation in case of radiation fog. This model shows more 
wavelength dependence of attenuation for radiation fog case.
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Fig. 1: Specific Attenuation for Different Models for 850 nm, 950 
nm and 1550nm Wavelength

The kruse model for specific attenuation is more prominent. The 
Kim model is wavelength independent. It effects for visibility 
greater than 1km. Al Nabulsi model has more attenuation effect 
than kruse and kim.
The Specific attenuation of Fog is also calculated for different 
visibility using wavelength as shown in fig. 2.
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Fig. 2: Specific Attenuation for Different Fog w.r.t Wavelength

The Specific attenuation of Fog is also calculated for different 
visibility using wavelength. The heavy fog has more effect 
than the other. It means that for less visibility there is greater 
attenuation.

B. Fog Attenuation for GHz Frequency Range
The fog in the atmosphere is made up of small liquid water droplet 
that causes scattering and significant attenuation for Frequencies 
higher than 10 GHz. The effect on frequencies less than 10 GHz 
is ignorable. For small droplets less than 0.01 cm, the Rayleigh 
approximation is valid for frequencies below 200 GHz [1-2].
Total water content per unit volume can be used to express 
attenuation. The specific attenuation is given as [2].
γc=klM      (7)
Where, γc: Specific attenuation in dB/km
Kl: Specific attenuation coefficient (dB/km) /(g/m3)
M : liquid water density in cloud or fog (g/m3)                   
The value of specific attenuation coefficient can be calculated 
using mathematical model based on Rayleigh scattering. This 
model uses double-Debye model for the dielectric permittivity ε(f) 
of water. The specific attenuation coefficient is given as [2].
Kl=0.819f/ε’(1+η2)    (8)
Where, f is frequency in GHz and
η=2+ε’/ε’’     (9)
The complex dielectric permittivity of water is expressed as 
[2].

   (10)

  (11)
where, fp and fs are principal and secondary relaxation frequencies 
in GHz respectively and are given as [1].
fp=20.09-142(300/T-1)+294(300/T-1)2

fs= 590-1500(300/T-1)
ε0=77.6+103.3(300/T-1)
ε1=5.48
ε2=3.51
Visibility in terms of liquid water content can be expressed as 
[2].
V=0.024M-0.65     (12)
Where, V is the visibility in km and M is liquid water content 
in g/m3.

C. Snow Attenuation For FSO
The FSO attenuation due to snow has been classified into dry and 
wet snow attenuations. If S is the snow rate in mm/hr then specific 
attenuation in dB/km is given by [4-5].
asnow=a.Sb dB/km     (13)
If λ is the wavelength, a and bare as follows for dry snow
a =5.42*10-5λ+5.4958776
b =1.38
The same parameters for wet snow are given as follows
a =1.023*104λ+3.7855466
b=0.72
The specific attenuation for FSO is wavelength insensitive. There is 
very little changes in the attenuation for different wavelengths. 
The specific attenuation for dry and wet snow is also calculated. 
The dry snow effects at the low snow rate whereas wet snow 
effects at high snow rate.
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Fig. 3: Specific Attenuation of Different FSO Wavelengths for 
Wet Snow Rate up to 100  mm/hr

The specific attenuation is 110 dB/km for dry snow rate 9 mm/h. 
As there is not much difference between the dry snow rate for 
different wavelengths.

D. Snow Attenuation for GHz Frequency Range
The fog, rain or snow particles affect the GHz link due to scattering.
Snow particles are the complicated mixtures of ice with air, water, 
or both.
The specific snow attenuation A in terms of snow rate R for GHz 
links is given as follows [4].

    (14)                                                                 

III. Combined Effect of Fog and Snow Specific Attenuation 
for FSO and GHz Frequencies
The fog is the more attenuation factor. The fog specific attenuation 
for FSO Kruse, Kim model effects more than the Specific 
attenuation for GHz frequencies. For visibility less than 0.1 km 
FSO effects more. For visibility less than 0.5 km the Kim model 
is wavelength independent. For attenuation coefficient between 
1dB/km to 400 dB/km the Kruse model is more efficient. 
As the Snow specific attenuation w.r.t visibility is wavelength 
insensitive. The snow attenuation coefficient is more for less 
distance. Fig. 4, shows the specific attenuation for different fog 
model i.e. for FSO and Snow FSO. 
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Fig. 4: Total  Specific Attenuation Due to Fog and Snow for 
FSO

The combined effect of Fog and Snow FSO for different models 
i.e. kruse and kim is shown in fig. 4. The attenuation increases 
so much. The more effect is due to kim model. As for GHz links 
the Snow does not effect too much. The signal passes without 
obstruction according to visibility. So only the Fog effect for 
GHz links istaken. The effect of 200GHz is more than the other 
frequencies. So the back-up link is of less frequency.
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Fig. 5: Total Specific Attenuation Due to Fog for Frequencies 
Greater than 10 GHz for Liquid Water Density of 0.1g/m3 and 
0.5 g/m3 and Snow Effect on GHz Links

For GHz frequencies different temperatures are taken according 
to the environment. In this the temperature from 10 0C to 0 0C 
are taken as shown in fig. 5. Frequencies in the range of GHz can 
improve the availability besides providing comparable data rates. 
The specific attenuation due to Fog for GHz links is obtained 
for different liquid water densities at different temperatures. In 
case of specific attenuation due to Fog only there is very much 
difference between the Specific Attenuation for different Liquid 
Water Content (LWC).  The Snow effect more onGHz links than 
FSO. So the combined effect of Fogand Snow is calculated. As 
there is not much difference in the specific attenuation due to 
Fog and Snow.

IV. Conclusion
In case of Fog for less visibility the attenuation effects more. As 
the visibility increases the specific attenuation decreases. Also for 
snow as the visibility increases the specific attenuation decreases. 
The combined effect of Fog and Snow is simulated. The Specific 
attenuation increases as both are combined. Also the Specific 
attenuation for frequency there is not much difference for LWC 
of 0.1g/m3 and 0.5g/m3.
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