
Abstract. The aerosol backscattering coefécient bp in a
surface atmospheric layer is calculated at the emission lines
of NH3 and CO2 lasers (9 ë 13.5 mm). It is shown that the
coefécients bp at the emission lines of an NH3 laser (11 ë
13.5 mm) are comparable with the coefécients bp at the
emission lines of a CO2 laser near 10.6 lm. The dependence
of bp on the humidity and type of aerosols is studied. It is also
shown that the coefécient bp in a surface atmospheric layer at
the lasing of an NH3 laser varies from 10ÿ10 to
7� 10ÿ9 cmÿ1 srÿ1. The lidar aerosol ratio is calculated as
a function of the mean aerosol radius. It is found that this
ratio is independent of the particle size for aerosol particles of
radius exceeding 40 lm for the 11.7-lm aP(4, 0) line of the
ammonia laser.
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1. Introduction

The differential absorption lidar based on NH3 and CO2

lasers is highly sensitive for probing a large number of
substances (Freons, toxins, poisonous materials, etc.) [1].
Simultaneous use of CO2 (9 ë 11 mm) and NH3 (11 ë
13.5 mm) lasers enables this lidar to cover the spectral
range of 9 ë 13.5 mm [2]. The aerosol backscattering
coefécient bp(l) of the atmosphere strongly affects the
characteristics of differential absorption lidars, namely, the
signal-to-noise ratio and the accuracy of measuring the
concentration of gases, especially in the region of inhomo-
geneities of the aerosol distribution [3, 4].

The proéle of bp(l) at CO2 laser lines was studied in [5 ë
10], but investigations were hampered by a large spread of
experimental data obtained by various authors and the
variability of structure of aerosols. It was shown in [9] that
at bp a wavelength of 10.6 mm varies from 10ÿ6 mÿ1 srÿ1 (in
the planetary boundary layer) to 10ÿ11 mÿ1 srÿ1 (in the
stratosphere). However, the values of bp in free troposphere
are very low (10ÿ10 ÿ 10ÿ12 mÿ1 srÿ1).

Experimental investigations performed in [5] show that
bp varies from 4� 10ÿ8 mÿ1 srÿ1 to 2� 10ÿ7 mÿ1 srÿ1 at
CO2 laser lines. Measurements were made under climatic
conditions of a desert on a horizontal path at the sea level.
Measurements at 19 spectral lines in the spectral interval
9.2 ë 10.7 mm show that bp has two maxima, the érst one at
the 10R(20) line (10.247 mm) and the second one at 9P(40)
line (9.733 mm).

In this paper, we studied theoretically the aerosol
backscattering coefécient bp in a surface layer of atmos-
phere at the NH3 ëCO2 laser lines (9 ë 13.5 mm). The
calculations were based on the Mie theory [11, 12] for three
types of aerosols (urban, sea and continental) for a relative
humidity of 20%ë95%.

2. Theoretical model

According to the Mie theory [11, 12] of scattering of
electromagnetic waves by aerosol particles, the aerosol
backscattering coefécient bp and the extinction coefécient a
are
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where r is the particle radius; x � 2pr=l is the relative
particle size; f (r) is the size distribution function of aerosol
particles; m is the refractive index of aerosol (m � nÿ iw);
Qscat and Qext are the backscattering and extinction
coefécients respectively, which are expressed in terms of
the Mie intensity functions and the relative particle size x.

It is known [13 ë 15] that the size and shape of atmos-
pheric aerosols are extremely variable in space and time.
These particles are usually divided into three groups depend-
ing on their size [14]: éne (0.002 ë 0.1 mm), medium (0.1 ë
1 mm) and coarse (larger than 1 mm) aerosols. The main
parameters of aerosols are their complex refractive index
and size distribution function. The complex refractive index
is determined by the chemical composition of the aerosol.
The size distribution function f (r) of aerosol particles is
often approximated by the three-mode logarithmically
normal distribution [15]
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where r
�i�
m is the mean radius of the ith mode aerosol

particles; s �i� is the ith mode distribution width; and N
�i�
0 is

the integrated concentration of the ith mode aerosol
particles.

Variation of humidity due to coagulation and conden-
sation processes affects not only the refractive index of the
aerosol, but also its size. Therefore, we took into account in
calculations the increase in the particle radius r as a function
of humidity, which is described by the expression [14]

r

r0
� �1ÿH �ÿ0:25, (4)

where H is the relative humidity (0:2 < H < 0:99); r0 is the
radius of a dry particle.

We used in calculations the complex refractive index
proéle of the aerosol from [14]. Figures 1 and 2 show the
real and imaginary parts of the complex refractive index of
aerosols that are typical of the surface atmospheric layer.
One can see from Fig. 2 that there are three absorption
bands: the intense band at 9.4 mm and two relatively weak
bands at 11.4 and 12.6 mm. With increasing humidity, the
real part of the refractive index of aerosols (see Fig. 1)
decreases and tends to the real part of the refractive index of
water. To reduce the calculation time, especially in the case
of large aerosole particles, algorithms proposed in [16] were
used.

3. Discussion

Table 1 presents the main parameters of distribution (3) for
three types of aerosols: urban, sea and continental [15]. The
érst (éne disperse) mode is not taken into account because
its effect on bp is insigniécant, especially in the IR spectral
region.

Figure 3 shows the proéles of coefécient bp(l) normal-
ised to bp (11.7 mm) for urban aerosol for different relative
humidities. One can see that the values of bp at ammonia
laser lines are comparable with bp for CO2 laser lines at
�10:6 mm, but about half or one-third of the value of bp at
CO2 laser lines at �9:6 mm. One can also see that as the
relative humidity increases, the values of bp at wavelengths
exceeding 12 mm become larger than the values for CO2

laser lines at �10:6 mm, but remain smaller than bp for CO2

laser lines at �9:6 mm. This means that the lidar parameters
at the ammonia and CO2 laser lines at �10:6 mm are
comparable.

Model calculations showed that the coefécients bp at the
ammonia laser lines vary from 10ÿ10 to 7� 10ÿ9 cmÿ1 srÿ1,
the higher values of bp corresponding to the urban aerosol
and the lower ones to the continental aerosol, which is
obviously related to the mean radius of aerosols (see
Table 1). In all the cases, a minimum value of bp is observed
at l � 12:3 mm except when the relative humidity amounts
to 90%ë95% and the minimum is displaced towards
l � 11:2 mm. Such a behaviour of bp(l) can be explained
by a signiécant role of water whose refractive index has a
minimum at l � 11:2 mm.

Figure 4 shows the dependence of the lidar ratio
L � a=bp on the mean aerosol radius rm for three wave-
lengths (9.6, 10.6 and 11.7 mm). One can see that with
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Figure 1. Dependence of the real part of complex aerosol refractive index
[14] on l for a relative humidity of 20%ë25% ( 1 ), 35%ë 45% ( 2 ),
75%ë 85% ( 3 ) and 90%ë95% ( 4 ).
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Figure 2. Dependence of the imaginary part of complex aerosol
refractive index [14] on l for a relative humidity of 20%ë25% ( 1 ),
35%ë 45% ( 2 ), 75%ë85% ( 3 ) and 90%ë95% ( 4 ).

Table 1.

Type of aerosol
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Urban 20000 0.04 0.63 6 0.63 0.77

Sea 400 0.05 0.68 3.8 0.65 0.74

Continental 4000 0.03 0.74 2.1 0.4 0.81
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Figure 3. Proéles of the coefécient bp�l� normalised to bp(11.7 mm) for
urban aerosol for a relative humidity of 20%ë 25% ( 1 ), 35%ë 45%
( 2 ), 75%ë 85% ( 3 ) and 90%ë95% ( 4 ).
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increasing rm, the lidar ratio tends to a constant value L0(l)
which is attained for a certain value of r0(l). The values of
L0 are deéned by the laws of geometrical optics upon
reêection at the interface between two media, i.e., by the
refractive index and the absorption coefécient. It can also be
seen that r0 � 20, 35 and 40 mm for l � 9:6, 10.6 and
11.7 mm, respectively. Such a behaviour of the L0(l) depend-
ence is extremely important for probing large aerosols since
it can be used for obtaining the proéles of aerosol extinction
and scattering coefécients directly from lidar signals with a
high degree of precision.

4. Conclusions

Our investigations show that the characteristics of lidars at
the ammonia and CO2 laser lines of about 10.6 mm are
comparable, and the parameters of the ammonia lidar for a
high relative humidity (90%ë95%) improve and approach
those of the lidars at CO2 laser lines at about 9.6 mm. The
aerosol back scattering coefécient at the ammonia laser line
in the surface atmospheric layer varies from 10ÿ10 to
7� 10ÿ9 cmÿ1 srÿ1, depending on the type of aerosol and
the state of the atmosphere.
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Figure 4. Lidar ratio L as a function of the mean radius rm of aerosol
particles for wavelengths 11.7 mm (m � 1:206ÿ i� 0:17) [curve ( 1 )],
10.6 mm (m � 1:237ÿ i� 0:087) [curve ( 2 )] and 9.6 mm (m � 1:357ÿ
i� 0:089) [curve ( 3 )].
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