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Abstract: By analyzing the diurnal variations in monthly variation on temperature, humidity, refactive
index structure parameter, pressure and visibility at the hight of 8. 0 m above ground in surface layer in
arid area, the probabilistic characteristics of atmospheric extinction and atmospheric turbulence were
obtained. Based on the analyzed data, the possible effecs on a special case of laser propagation in arid area
are discussed under the condition that the laser wavelength is 1. 06 ym and the propagation length are
1 000 m and 3 000 m respectively. The results show that the extinction coefficient of diurnal variation
change little ups and downs. The extinction coefficient of each month in January during winter is the
largest, the extinction coefficient in July during summer is the smallest, and the difference of the two is

about twice. The average transmittance of 1 000 m is about 1. 16 times that of 3 000 m. The turbulence

Foundation item: The National Natural Science Foundation of China(No. 41475001), the Direction Program of Knowledge Innovation of
Chinese Academy of Sciences (No. KJCX2-EW-N07)
First author: LU Wei-yu (1974 —), male, Ph. D. candidate, mainly focuses on atmospheric propagation of laser and infrared radiation.
Email ; Iwyml@mail. ustc. edu. cn
Contact author: YUAN Ke-e (1979—), female, associate professor, Ph. D. degree, mainly focuses on measurement research of lidar on
atmospheric parameters. Email: keyuan@aiofm. ac. cn
Received: Apr. 02, 2015; Accepted: Aug. 28, 2015

http : // www . photon . ac. cn

1014001-1



kT ow i

strength in January is the weakest month, and April in spring and October in autumn have stronger

turbulence strength. The average turbulent influence of 3 000 m is about 1. 95 times that of 1 000 m. The

best propagation effect is the best at 21 :

00 in July of summer. The mean intensity distribution of

different propagation distance have different probability density.
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0 Introduction

The atmosphere is a special fluid composed of
particles and gases whose physical properties can be
highly dependent upon time and local conditions.
Furthermore, as an important propagation medium,
the atmosphere has various effects on laser propagation
especially in electro-optical systems™”, which have far
reaching consequences in assessment or in the design
certain types system, such as those for tracking,
detection, ranging, communication, measurement, and
other applications'”’ , which operate in surface layer. It
is essential to understand the possible changes of
atmospheric optical parameters describing atmospheric
characteristics, followed with space and time changes,
for researching the effects of atmosphere on laser
propagation.

As one of special types of light propagaton, some
basic theories of light propagation can also be used on
laser propagaton such as light absorption and
scattering. Accordingly, the theories can be used to
analyze effects of lased propagation. The three main
atmospheric factors that affect laser propagation are
absorption, scattering and optical turbulence.
Absorption and scattering by the constituent gases and
particulates in the atmosphere are wavelength
dependent and cause primarily attenuation of an optical
wave. Atmospheric optical turbulence give rise to
irradiance fluctuations, beam spreading, and loss of
spatial coherence of the optical wave'®”’. Numerical
simulation and measurement are two methods in

common use to research the effect of turbulence on

laser propagation in various laser applications™ "/,

There are different types laser propagations which
need laser propagate long distance in atmosphere.
Under the premise that only considering the linear
effect, only one of infrared laser systems which
propagation in suface layer is considered for simplifying
discussion. It is assumed that the wavelength (1) of
laser is 1. 06 pm, line width Al=1 nm, transmitter
diameter D=0. 3 m, transmitted power P,=0.5 W,
light-beam quality 8= 1, the horizontal propagation
distance L=1 000 m and 3 000 m respectively, and the
propagation height ~=8 m above ground.

The atmospheric attenuation consists of molecule
absorption, molecule scattering, aerosol absorption,
aerosol scattering. The domain absorption molecule at
1. 06 pm in the atmosphere is water. Molecule
scattering is determined by molecule density. The
absorption and scattering of aerosol are determined by
types and concentration. The intensity of atmospheric
turbulence can be described by refractive index
structure parameter C.. Accordingly, the atmospheric
optical parameters such as temperature, relative
humidity, pressure, visibility, and refactive index
structure parameter are choosed to describe the

possible characteristics of atmosphere.

1 Measurements

The data used in the above mentioned the

atmospheric  optical  parameters  comes  from
measurement results in a Gobi site of northwest arid
area. Table 1 gives the general situation of the

measuring instruments and measuring.

Table 1 Survey of the measuring instruments and measuring

Parameter Instrument name Measurement period/s Height/m Start-stop time
C:/m %3 Micro-thermometer 15 8 2003.09~2005. 10
Temperature/K Integrated transmitter 15 8 2003.09~2005. 10
Relative Humidity/ % Integrated transmitter 15 8 2003. 09~2005. 10
Pressure/Pa Integrated transmitter 15 8 2003.09~2005. 10
Visibility/km Visibility meter 15 8 2003.10~2008. 10

Fig. 1 shows the basic relations of the measured
parameters and transmission effect, namely on the

basis of the analysis results on atmospheric turbulence

and atmospheric transmittance of measurement
parameters, the effects of the atmosphere on laser

paopagation are discussed.
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Fig. 1 Block diagram of measuring

2 Data analysis

By analyzing the diural variations in monthy

variation on temperature, humidity, refactive index

structure parameter, pressure and visibility at the hight

of 8.0 m in suface layer, the number data in one year
of the respective average of these parameters is 288.
Fig. 2(a) and Fig. 2(b) shows the possible variation of
temperature and humidity respectively. The average
temperature of June to August is higher in the year,
and the duration of daily high temperature is longer.
The relative humidity in winter time is lager. Fig. 2(c)
and Fig. 2(d) shows the possible variation of visibility
and C’ respectively. The daily variation of visibility is
not obvious compared with temperature, the visibility
of summer night is relatively good, and winter is the
opposite. The C? of sunset time is relatively small, and
the turbulence strength is weak in winter. Fig. 2 (e)
shows the possible variation of atmospheric pressure.

The lowest atmospheric pressure occus during the

summer afternoon.
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Fig. 2 Characteristics of measured parameters of monthly variation
2.1 Molecular extinction Molecular scattering can be calculated from

Molecular extinction includes molecular absorption

and molecular scattering

2.1.1 Molecular absor ption
Absorption cross section ay of the gas is definrd as
av= (5 )Ns D

where p is partial pressure of the gas(in Pa), P is
atmospheric pressure(in Pa), N is number density (in
m ), ¢is absorption cross section of the gas(inm™').

N is gotten from the following form

N:AVR—PT )

where Ay is Avogadro constant (6. 022169 X 10~*
mol '), R is gas constant(8. 31432 J » mol ' « K1),
T is temperature(K).

2.1.2

Molecular scattering

Raleigh scattering theory. At 1. 06 pm, molecular
extinction is smaller value than aerosol extinction.
Accordingly, the effect of molecular extinction can not
be considered.

2.2 Aerosol extinction

T, which
transparence , is related to extinction coefficient k., and
length L. If the

in horizontal, the

Transmittance express atmospheric

propogation atmosphere is

homogeneous expression about
transmittance T is given by
T=exp (—k, L) 3
According to Koschmieder' s law, the relation
between the meteorological range of visibility and
extinction coefficient k., at 0. 55 pum is expressed as
V= 1 C

—1ln —

B0 4
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where ¢ is the threshold contrast of observer and C is
inherent contrast of the target. In terms of C=1 and
e=0. 02, meteorological range of visibility is defined
s

Voo =3.912/k, (5)

According to the definition of WMO, threshold
contrast € is 0. 05. Eq. (5) is rewritten as

Vo os=2.996/k.,.23.0/k., (6)

Eq. (5) is used to the follows for unification.
Thus, extinction coefficient at 0. 55 pm can be
visibility. The

extinction coefficient at 0. 55 pm and extinction

computed f{rom relation between

coefficient at 1. 06 pm is dependent on the

characteristics of molecular extinction and aerosol

extinction extinction at the two wavelengths.
Molecular absorption is minor than molecular
scattering, accordingly at 0. 55 pm, molecular

scattering is the dominating part of molecular extinction
at 0.55 pm.
Aerosol extinction is determined by aerosol types

and concentration. The aerosol types are given as

follows %7,

1) Continental aerosol ( including continental
clean, continental average, continental polluted); 2)
Urban aerosol; 3) Maritime aerosol(including maritime
clean, maritime polluted maritime tropical) ; 4) Desert
aerosol; 5) Arctic aerosol; 6) Antarctic aerosol.

The differences of optical properties of aerosol ,
which are mainly the differences of refractive indexes
and particles spectrum, are depended on aerosol types.
Various aerosol types have wvarious different
components. The components are divided into the
follows 1) Insoluble particles; 2) Mineral particles
(including nuclei mode, accumulation mode, coarse
mode, transported); 3) Water-soluble particles; 4)
Sea-salt particles ( including

mode ); 6 ) Sulfate

Soot particles; 5 )
accumulation mode, coarse
particles.

The mass mixing ratios of the components is under
influence of humidity. Given the specific aerosol types
and the invariable particles spectrum, factor of
concentration proportionality can be derived from the
actural extinction ( visibility) at 0. 55 pm and the
theoretical extinction at 0. 55 pm. Based on the factor,
the actural extinction at 1. 06 pum can be gotten.

Thus, an assumption on continental aerosol
particles is used to compute extinction at 0. 55 pm and
extinction at 1. 06 pm under different humidity
condition.

From the above discussion, the relation between

0.55 ym and 1. 06 yum on extinction of continental

aerosol particales under the condition of different
humidities can be wused to estimate the actural
extinction at 1. 06 pm under the condition of different
humidities. The relation is given by the expression
koss _ Ross
—= = (7
kl,OG kl,()ﬁ
where k, -5 and k, ,; are theoretical value with software,
k¢ 55 is actual extinction,

(7)) k'y can be
Nevertheless, £ and 2" are related humidity. The actual

From Eq. computed.
humidities are not consistent with the theoretical
humidities absolutely. If a fitting function between
ki o5/ ko ss and humidities can be gotten, k', can be
Thus, the

theoretical

compulated by the function and kg ;.
kios/kos; and  the

humidities can be used by fit function to be expressed

relation between
as follows
y=0.39462—6. 28597 X 10" = O<a<<70%)
y=0.347441. 25988 X 10~ " "1 (70 % <L2<{100%)
(8)
where x is theoretical humidity ( which is continuous) ,
y is ratio ky o5/ ko 5.

From Eq. (7), Eq. (8) and the computed results
of software, the actual extinction coefficient at 1. 06 pm
can be computed. Fig. 3 gives characteristics at 1. 06
pm of total extinction coefficient. The change of total
extinction coefficient is contrary to the visibility. The
extinction coefficient in January during winter is the
smallest, The extinction coefficient in January during
winter is the largest, and the extinction coefficient in
July during summer is the smallest, and the difference
of the two is about twice. In contrast to the monthly
variation extent of extinction coefficient, the diurnal

variation extent of extinction coefficient is not distinct.
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Fig. 3 Characteristics of total extinction coefficient of
monthly variation at 1. 06 pm

Fig. 4 and Fig. 5 shows characteristics at 1. 06 pm
of transmittance of 1 000 m and 3 000 m respectively.
The average transmittance of 3 000 m, which is 0. 80,
is slightly lower than that of 1 000 m, which is 0. 93.
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Fig. 4 Characteristics of 1000 m total transmittance of

monthly variation at 1. 06 pm
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Fig. 5 Characteristics of 3000 m total transmittance of

monthly variation at 1. 06 pm
2.3 Turbulence

As another optical parameter to describle
turbulence strength, Atmospheric coherent distance p,
which represents the magnitude of the integrated
optical turbulence present, is used to evaluate the
effects of atmospheric turbulence on the performance of
optical systems. For the convergent beam, atmospheric
coherent distance g, can be connected to the refractive

: ~2 - : 17
index structure parameter C? via the expression'”

k. _ 5/3 —3/5
o = [1.46k2JCi(h)(L ") dh] (9

L

0
where k£ is the optical wave number related to the

optical wavelength A by #=2x/A, L is the propagation
distance, h is the location of the turbulent layer and C;
(h) is the the refractive index structure parameter as a
function of height. Under the condition of horizontal
path, Eq. (11) can be written by"*

L

engineerings, the

poz[L ssrcmL (B ]7 (10)

In laser Fried parameter 7,
(atmospheric coherence length) is widely used. The
relation between r, and p, is given by
ry=2.1p, (1D
Atmospheric leads to facula
diameter ( D ),

propagation length( L ), and focus( f ) are given, the

turbulence

broadening. When transmitter

efficiency factor of light propagation whch is caused by
facula broadening for atmospheric turbulence can be
writen as

F=(LA/xD)*/{pt)> 12
where p, is the equivalent radius of facula. If f=L, g,
is given by the expression

(pi)Z(L/\/TtD)ZJF(L/\/TcrO)Z (13)
substituting Eq. (15) in Eq. (14), Eq. (14) is rewriten
by

F=[1+(D/r)*]"! as

From the above discuss, D/r, can be used to
define turbulence effects. Fig. 6 (a) and Fig. 6 (b)
shows characteristics of D/r, for a convergent beam
wave at 1. 06 pm of 1 000 m and 3 000 m separately.
As are shown in the figures, the strength of turbulence
in Spring and Autumn are stronger than the strength of
turbulence in Summer and Winter. The turbulence
strength in January is the weakest in all twelve
months. The turbulence strength in April and October
are stronger than that of other months . The strongest
strength of turbulence in the whole day appears at. the
time of 1 to 2 hours after noon. The weakest strength
of turbulence in the whole day appears at the time of 1
to 2 hours before sunset. . The overall average of D/r,
at 1. 06 pm of 3 000 m is nearly twice that of 1 000 m.

\ ]
0.800

224

3.69
6.58

8.02
9.45
10.9
12.4

Time/h

Month
(a) L=1000m

1.50
431
7.13
9.94
12.8
15.6
18.4
212
24.0

Time/h

Month
(b) L=3000m

Fig. 6 Characteristics of D/r, for a convergent beam

wave at 1. 06 pm of different distances
3 Integration effects

A simplified expression for calculating the mean
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peak intensity without considering the atmospheric
propagation effects is shown bellow
I,=P,n(D/2)*/(AL)* (15)
For convenience, the distribution of light intensity
is assumed Gaussian distribution. Thus, the mean
intensity, which is in the area contained 1 —e™' (63.
2%) total power,is written by
(I,)=[P,n(D/2)*/(AL)*]J(1—e ") (16)
Accounting for the linear atmospheric propagation
effects, Eq. (18) can be written by
(D=I)>T[1+(D/r))*]"
the

atmospheric parameters, at 1. 06 ym of the propagation

17

Based on laser system parameters and
length of 1 000 m and 3 000 m the mean intensity,
which is in the area contained 1 —e ' (63. 2%) total
and Fig. 7 (b)

respectively. From the above discussion,

power, are shown in Fig. 7 (a)
there are
great difference on propagation effects in different
time. The propagation effect in winter is the best than
the propagation effect in other seasons because it has
longer time in which the mean intensity are larger.
Nevertheless, the propagation effect in dusk is the best
in the whole day during summer, especially at 21 : 00
in July. At the same time, the propagation effect of
1000 m distance is about 37. 5 times as much as that of
3 000 m.
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Fig. 7 Characters of the mean intensity of laser
at different distances

The probability density of mean intensity are

shown in Fig. 8 (a) and Fig. 8 (b) respectively. The
probability density distribution of mean intensity of

1 000 m and 3000 m are different.
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Fig. 8 Probability density of mean intensity of laser

at different distances

4 Conclusion

Given the laser system parameters, possible
effects of atmospheric optical characteristics on laser
paopagation in arid area are gotten by using actual

the

the complexity of atmosphere on laser

atmospheric optical parameters. From above
discussion,
propagation can be explained. Under the condition of
different the effects of

extinction,

area and different time,

molecular absorption, and aerosol and

turbulence are different. The results in arid area are

L9 obviously.

different from the results in the paper
Thus, in the various laser propagation which include
feasibility on laser engineerings, efficiency evaluation of

laser engineerings and so on should realized the

atmospheric optical characterstics of area in which laser

engineerings are used. The comprehensive anysis on

possible changes of atmosphere also should be taken.
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