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Abstract 
 

LIDAR is a remote sensing instrument allowing to characterize the atmosphere, 
and in particular the particles forming clouds. Concerning the LIDAR response, 
we set up a theoretical formula, which proved to be doubly interesting. First, it 
takes into account the influence of the wavelength of the emitted light on the 
mean free path of photons. Secondly, it models the clouds not as discontinuous 
layered structures but as structures where particle density varies according to 
altitude, and whose edges merge more or less continuously into the air. This is 
made possible by the use of several probability laws to describe the histograms of 
cloud particle distribution, which permits a single formulation for the response of 
any kind of disturbance : a cloud of ice crystals as a fog or a concentration of 
aerosols, and this for any wavelength of visible light. Finally, to determine in 
practice the atmosphere and cloud characteristics at a given place and moment, we 
must find the values that minimize an error criterion between experimental and 
theoretical simulated signals. We have built a signal processing technique which 
considers this problem as a minimization of a nonlinear multivariable function ; 
it’s only because of and thanks to the simultaneous use of LIDAR responses to 
different wavelengths that the problem is solved. 
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1 Introduction 
 
 On any given day, about half of Earth is covered by clouds, whose radiative 
impact is double, and very difficult to predict. Clouds reflect a part of the 
incidental solar radiation, thus limiting the part of radiation absorbed by the 
ground and the oceans and tending to cool the atmosphere : this is the parasol 
effect. But they also absorb the radiation emitted by the Earth and radiate toward 
space as well as toward the ground, thus taking part in the greenhouse effect and 
contributing to the warming of the lower layers of the atmosphere. 
 So, in the current context of global warming, microphysical properties of 
cloud particles are a great source of information to understand the impact of 
clouds on the Earth’s climate. We aim to develop techniques of backscattered 
LIDAR signal processing for the determination of these microphysical properties. 
Our work focuses on optimizing the processing of LIDAR responses to different 
wavelengths of the emitted pulse, in the case of a multi-frequency LIDAR. 
 In section 2, we suggest a theoretical analysis and reconstruction of the 
LIDAR signal which takes into account the influence of the wavelength on the 
mean free path of photons, and which models the density of cloud particles by 
relevant (possibly asymmetric) distribution laws. Some examples of simulated 
LIDAR responses are exhibited in section 3. 

Then, section 4 details the application to experimental signals. Since one of 
the authors (G. Debiais) was involved in the international CAT and CELESTE 
collaborations for the detection of gamma radiation coming from extra-galactic 
sources [6,4], a significant number of experimental signals, obtained at the 
Thémis site close to Perpignan (France), are available. They correspond to two 
wavelengths, 355 nm (violet) and 532 nm (green), emitted simultaneously by the 
laser [10,1]. 

Our modeling of LIDAR wavelength explains the disparities of the responses 
between the two colors (violet and green) at our disposal. Successful optimization 
processing is based on the joint use of these colors, and then gives accurate 
quantitative information on the state of the atmosphere and, in particular, cloud 
composition. 
 
 
2 Modeling of LIDAR responses 
 

The LIDAR (Light Detection And Ranging) technique is one of the most 
important optical methods used in the study of the environment [5]. Let us be 
reminded that it is a laser based system which technically functions on the same 
principle as the RADAR (Radio Detection And Ranging), but with their range of  
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frequencies, as well as their respective applications, being clearly different. The 
RADAR uses radio waves from a few meters to a few millimeters, whereas 
LIDAR is limited to the electromagnetic waves of the visible spectrum. Figure 1 
is a schematic representation of the LIDAR system. 
 

 
 

 

 

 

 
Figure 1. The LIDAR set-up 

 
2.1 LIDAR signals 
 
 The LIDAR equation reflects the light power received back by the telescope 
after having been scattered by an heterogeneous medium whose local optical 
properties depend on the wavelength λ  of the laser pulse and the distance r  
between the scattering point and the receiver. As the atmospheric medium 
contains different sorts of particles, let us call iΓ  the mean free path of photons 
between two scattering events involving particles of the species i . Then, received 
LIDAR signals ( ),S rλ  at our disposal (after calibration of our instrument), can 
be expressed as [12] :  

 ( ) ( ) ( )
0

1 1 1ln , ln ln 2
4 , ,

r

i ii i

S r du
r u

λ
λ λ

⎡ ⎤⎡ ⎤= + −⎢ ⎥⎢ ⎥ Γ Γ⎣ ⎦ ⎣ ⎦
∑ ∑∫  (1) 

(for computational convenience, one uses the quantity : ( )ln ,S rλ ). 
For a given species i  of particles, the corresponding mean free path of 

photons iΓ  varies like : ( ) 1,
( ) ( )i

i i

z
n z

ω
σ ω

Γ =     (2) 

where ( )iσ ω  is the scattering cross section of particles at angular frequency ω  
and ( )in z  is the particle volume number density (i.e. the number concentration : 
the number of particles per unit of volume) at altitude z . 

From now on, to simplify our formulas, we will use new variables : ω  and 
z , instead of the wavelength λ  and the distance r . We have : 2 cω π λ= , c  
being the light velocity, and : cosz h r θ= + , h  being the LIDAR altitude and 
θ  the laser beam angle with the vertical line. 
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First, as the available experimental signals (see §4) corresponded to two 

wavelengths, 355 nm (violet) and 532 nm (green), emitted simultaneously by the 
laser, we have wanted to take into account those simultaneous responses of the 
atmosphere to various frequencies in the visible electromagnetic spectrum. So, we 
detail in section 2.2 how to express the scattering cross section in function of the 
angular frequency of the laser pulse. 

Then, to avoid the discontinuities observed at the cloud boundaries in 
previous models, we have interpreted the particle density in terms of probability 
distribution. Section 3 describes how we model the density of particles in the 
clouds by relevant (possibly asymmetric, to express the asymmetry sometimes 
observed in cloud responses) distribution laws. 
 
2.2 Explicit formula of the laser wavelength 
 
2.2.1 Various types of scattering 
 

The scattering particles can be studied in a simple way within the framework 
of the classical theory of atomic dipolar emission [7]. Let us consider an electron 
in the electric field of the electromagnetic wave of the laser. According to the 
classical model, the electron, in the stationary regime, oscillates around its 
equilibrium position with the same angular frequency as that of the incident light, 
and behaves as an oscillating dipole. 

Formulated to describe electronic vibrations, this formalism of oscillators can 
also be extended to atomic or ionic vibrations, as is the case in spectroscopy. Here, 
in spite of its limitations, it seems to be sufficient to account for the dependence of 
the scattered power on the angular frequency of the electromagnetic field. So, we 
obtain for the scattering cross section ( )iσ ω  of particles of species i , at angular 
frequency ω  : 

     
( )

2 4

22 4 22 20
0 2

6( )i
i i

i
i

cπ ωσ ω
ωγ ω ω ω
γ

=
− +

   (3) 

or also, as ( )2
02 3i i ir c γ ω=  : 

     
( )
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2
22 2
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8( )
3
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i

i
i

rπ ωσ ω
ωω ω
γ

=
− +

   (4) 

where c  is the light velocity, 0iω  the angular eigenfrequency of particles, and 

iγ  the damping coefficient of particles. 
 Hence, depending on the value of the angular eigenfrequency of particles 

0iω  compared to the angular frequency of emitted light ω , one can observe 
Rayleigh scattering ( 0iω ω<< ), or resonance Rayleigh scattering ( 0iω ω≅ ), as  
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well as Mie type scattering ( 0iω ω>> ). 

We defined ir  by analogy with the electron case and so, we call it the 
particle “radius”. If particles of species i  are spherical, ir  actually represents 
the average sphere radius. Warm water clouds consist of spherical liquid droplets. 

But, once a cloud extends to altitudes where the temperature is below 0°C, 
ice crystals may form, with different shapes in addition to different sizes. 
Different processes govern their formation, which then varies according not only 
to altitude but also composition of the atmosphere, incoming solar radiation, 
humidity, etc. Although idealized crystal shapes such as columns, needles, plates 
or dendrites are often assumed [13], the dominant ice particle shape descriptor is 
“irregular” whereas the average aspect ratio of cloud particles (especially smaller 
ice crystals) remains quasi-spherical [8].  

Regardless, since the cloud is not composed of water droplets, ir  no longer 
represents the average radius of a sphere. In this case, and it generalizes to all the 
clouds, it must be seen as a mean measure of the particle size, used to combine 
and parameterize the radiative properties of the cloud. 
 
2.2.2 Scattering in a clear sky 
 
 In the atmosphere, when the incident LIDAR laser beam meets, on its path, 
only “normal” air (i.e. clear sky, without cloud), the scattering is from molecular 
origin and Rayleigh’s case takes place : 0atmω ω<< . Then, the scattering cross 
section takes the simplified form : 

    
42

0

8( )
3

atm
atm

atm

rπ ωσ ω
ω

⎛ ⎞
= ⎜ ⎟

⎝ ⎠
     (5) 

 Moreover, the number of air molecules per volume unit is well defined by a 

decreasing exponential law :  ( ) ( )0atm atm
zn z n z e χ−= =   (6) 

with 1 χ/  being the length of atmospheric pressure decrease (its value can vary 
with the place and the weather conditions). So, the mean free path of photons 
outside the clouds, ( )atm z ωΓ ,  (see Eq.2), becomes, for a given angular 
frequency of emitted light ω  : 

   ( ) ( ), 0,atm atm
zz z eχω ωΓ = Γ =      (7) 

where ( )0atm z ωΓ = ,  is the mean free path of photons at sea level for angular 

frequency ω . It is deduced from 0atm refz ω⎛ ⎞
⎜ ⎟
⎝ ⎠

Γ = , , the mean free path of photons 

at sea level for a given angular frequency refω , as one has (due to Rayleigh 

scattering) : ( )4
( ) ( )atm atm ref refσ ω σ ω ω ω= , and thus : 
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   ( ) ( )
4

0, 0, ref
atm atm refz z

ω
ω ω

ω
⎛ ⎞

Γ = = Γ = ⎜ ⎟
⎝ ⎠

   (8) 

Then, the mean free path of photons, ( ),atm z ωΓ , is written as : 

   ( ) ( )
4

, 0, ref
atm atm ref

zz z eχ
ω

ω ω
ω

⎛ ⎞
Γ = Γ = ⎜ ⎟

⎝ ⎠
   (9) 

 
2.2.3 Scattering in a cloud 
 
 Inside a cloud, as the particles are larger, the Rayleigh approximation is no 
longer applicable. So, we have to take for the scattering cross section the general 
form given by Eq.3. Furthermore, we model the cloud particle density in a 
specific way : 
   0( ) ( )cloudn z n f z=         (10) 
where 0n  is the maximum value of the density of the particles in the cloud, 
obtained at the altitude 0z  (one has : 0( ) 1f z = ), and ( )f z  is a distribution law, 
appropriate for the particle density in the cloud. 
 We propose different laws ( )f z , either symmetric (Lorentzian, Gauss, 
Student law) or asymmetric (Rayleigh, Weibull, Extreme Value law). They have 1 
or 2 parameters : there is always a density decreasing constant τ  around the 
altitude 0z  and some laws own a second degree of freedom for their shape. 

 Thus, the mean free path of photons, ( ),cloud z ωΓ , is written as : 

   ( ) ( )0 ,,
( )

cloud
cloud

z z
z

f z
ω

ω
Γ =

Γ =       (11) 

where ( )0 ,cloud z z ωΓ =  is the mean free path of photons inside the cloud, at the 
altitude 0z . At this altitude, the cloud particle density is maximum, thus the mean 

free path of photons is minimum. So, ( )0 ,cloud z z ωΓ =  is the minimum mean 
free path of photons inside the cloud, given by :  

 
( ) ( )

2 4

20 2 4 22 20 0
0 2

1 6
,cloud

cn
z z

π ω
ωω γ ω ω ω
γ

=
Γ = − +

    (12) 

Let us note that, depending on relative values of 0ω  and γ , 

( )0 ,cloud z z ωΓ =  can increase with ω  or decrease. 
 
2.3 LIDAR equation 
 

Finally, we come back to Eq.1, which expresses the LIDAR signal, and, to  
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take into account both clear sky and clouds, we replace, for each given species i  
of particles, the corresponding mean free path of photons iΓ  by its formula : 
Eq.9 for photons in molecular atmosphere and Eq. 11 for photons in a cloud. We 
obtain : 

 ( ) ( ) ( ) ( )1 2 3

1ln , ln ln , , ,
4

S z s z s z s zω ω ω ω⎡ ⎤= + + −⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦⎢ ⎥⎣ ⎦
  (13) 

After the constant term, the first term depends on both the characteristics of 
“clear” atmosphere and those of clouds :  

( )
( ) ( )41
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cloud i cloud i cloud iref
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z f zes z
z z

z
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ω
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−
= +

Γ =⎛ ⎞
Γ = ⎜ ⎟

⎝ ⎠

∑   (14) 

The second one depends only on the clear sky parameters : 

( )
( )

( )42
( )2, 1

0, cos( )ref
atm ref

z h

h
s z e

z e

χ

χ
ω

ω
ω χ θ

ω

− −= −
⎛ ⎞

Γ = ⎜ ⎟
⎝ ⎠

 (15) 

The third one depends only on the clouds :  

( ) ( ) ( )3

0

2 1,
cos( ) ,

cloud i

z

cloud i
cloud i cloud i h

s z f u du
z z

ω
θ ω

=
Γ =∑ ∫    (16) 

 Let us be reminded that θ  is the zenith and h  the altitude of the LIDAR. 
In the integrals of Eq.16, we changed the variable r , the distance, into the 
altitude z . 
 This form of the LIDAR equation meets our dual initial objective : to take 
into account the influence of the laser wavelength in order to exploit our 
experimental responses as well as possible ; to offer different distribution models 
of cloud particles in order to avoid artifacts, particularly those due to 
discontinuities in the edges of the clouds. It also allows us to handle cases where 
the signal encounters several clouds : for each cloud, an additive term appears in 
the sum of Eq.14 and Eq.16. 
 
 
3 Analytical LIDAR signals 
 

We present here theoretical LIDAR signals generated from Eq.13. As this 
equation includes the angular frequency ω  of the emitted wave, the signals 
describe the responses to any frequencies. We give the particle distribution law, 

( )cloudn z , in each cloud, and we calculate the integral in Eq.16. 
To do so, we introduce a probability density function ( )g z  by: 
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0

( )( )
( )

g zf z
g z

=      (17) 

If ( )G z  is the cumulative distribution function associated to ( )g z , the integral 

of Eq.16 becomes :   ( ) [ ]
0

1 ( ) ( )
( )

z

h

f u du G z G h
g z

= −∫   (18) 

 This enables the calculation of the received signal, which we made for three 
symmetric laws (Lorentzian, Gauss, Student) and three asymmetric laws 
(Rayleigh, Weibull, Extreme Value), the cloud density being either larger above 
than below the maximum density altitude 0z , or larger below than above 0z . 
 The whole of these 6 laws, in view of their different shapes, seemed an 
interesting field covering various possible representations of the particle density 
of a cloud, whatever it may be. When we applied them to real signals (see section 
4), these laws were enough to model the different responses considered [3]. But it 
is clear that a very particular distribution could require the use of other probability 
laws. 
 For reasons of conciseness, we shall give the theoretical formula obtained for 
the LIDAR signal, and we shall present the corresponding simulations, for only 
two (Student and Extreme Value laws) of the six available probability laws. The 
calculations and results are of the same type for the other laws. 

 The following examples concern a standard atmosphere containing one very 
common cloud : a continental stratus. It is a thin low layer, made of relatively 
small warm water droplets and with high number concentration (compared to 
marine stratus). We take typical parameter values for this kind of cloud [9] : 
altitude 0z = 550 m, maximum density of the particles 0n = 200 particles per 
cubic centimeter, particle radius r = 3 μm ( 0ω = 1.5·1014 rad.s-1,γ = 6.5 10-15 s). 

We assume that the LIDAR is located at sea level and the laser beam is 

vertical. We stand for pure atmosphere a typical value : 1
χ
=  6.75 km. We cover 

the whole visible spectrum : the angular frequency ω  varies from 5.4·1015 rad.s-1 
(corresponding to the wavelength violet : λ = 350 nm) to 2.7·1015 rad.s-1 
(corresponding to the red :λ = 700 nm).  
 For all simulated signals, the cloud response corresponding to the red pulse 
has a greater amplitude than that of the violet pulse. This is explained by the fact 
that the red frequency is closer to the eigenfrequency of the particle than the violet 
frequency. So, the red frequency influences the particle more strongly. On the 
contrary, the purely molecular response outside the cloud is larger in the violet 
frequency since the molecular eigenfrequency is just at the upper limit of the 
violet frequency range, hence it is closer to the violet than the red. These 
conclusions are confirmed by experimental LIDAR signals. 
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3.1 Student law for particle distribution 
 
 A Student probability density function ( )g z  corresponds to : 

 0
2 2

1
2

1( )
( )1 o

n z n
z z

ν
τ

ν

+=
−⎡ ⎤+⎢ ⎥⎣ ⎦

        (19) 

where τ  is a constant parametrizing the decrease in the density around oz , and 
ν  is the number of degrees of freedom. 

This law generalizes the first two symmetric ones : for 1ν = , one finds the 
Lorentzian law ; as ν  approaches +∞ , one tends to a Gauss law. But, unlike 
two others, it has, besides τ , a second parameter : ν , which allows us to more 
accurately model some LIDAR signals requiring it. One then obtains : 

 

( )
2 2

2 2

1 1 3 ( )( ) , , ;
2 2 2

1 1 3 ( )( ) , , ;
2 2 2

z

o
o

h

o
o

z zf u du z z F

h zh z F

ν τ
ν

ν τ
ν

+ −⎛ ⎞− − −⎜ ⎟
⎝ ⎠

+ −⎛ ⎞− −⎜ ⎟
⎝ ⎠

=∫
 (20) 

F  being the Gaussian hypergeometric function defined by : 

0

( ) ( ) ( )(a,b,c;x)=
( ) ( ) ( ) !

k

k

c a k b k xF
a b c k k

+ ∞

=

Γ Γ + Γ +
Γ Γ Γ +

∑  

where Γ  is the Gamma function. 
 Figures 2 and 3 illustrate the corresponding signal ( ),S z ω , with 3ν =  

(they give ( ),S z ω  instead of ( )ln ,S z ω , as matter of convenience). 

 
 

Figure 2. Analytical LIDAR response for a Student law distribution of the 
particles, with 3 degrees of freedom, at 350 nm (violet) and 700 nm (red) 
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Figure 3. Analytical LIDAR response for a Student law distribution of the 

particles, with three degrees of freedom, in the entire visible spectrum 
 
 
3.2 Asymmetric Extreme Value law for particle distribution 
 

Let us consider that the distribution of particles is no longer symmetric with 
regard to the altitude 0z  (maximum density). Two cases are considered : a 
stronger density above 0z  than below, or the opposite. 

We studied three asymmetric laws. The Rayleigh law and the Extreme Value 
law (which is the one presented here) have only one parameter (the density 
decreasing coefficient τ ) ; the Weibull law, with an additional parameter 
occurring in the shape of the density, and in particular in its asymmetry, 
generalizes the Rayleigh law. 
 
3.2.1 When density is larger above rather than below its maximum 
 

 Using an Extreme Value probability density function ( )g z , the cloud 
particle density (see Figure 4, solid line) becomes : 

   
1 ( )( )( )

z zz z oeon z n e e eo
ττ − −− − −=     (21) 

One then obtains : 

  ( ) 1
( ) ( )1

z

h

z z h zo oe ef u du e e e
τ τ

τ

− − − −⎡ ⎤− −−⎢ ⎥
⎢ ⎥⎣ ⎦

=∫   (22) 

 
The corresponding analytical signals are illustrated in Figures 5 and 6. 
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Figure 4. Particle density distribution versus the altitude, for an Extreme Value 
law, in an asymmetric cloud top (solid line) and bottom (dashed line) 

 
Figure 5. Analytical LIDAR response for an Extreme Value law distribution of 
the particles, in an asymmetric cloud top, at 350 nm (violet) and 700 nm (red) 

 
Figure 6. Analytical LIDAR response for an Extreme Value law distribution of 

the particles, in an asymmetric cloud top, in the entire visible spectrum 
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3.2.2 When density is larger below rather than above its maximum 
 

Given the cloud particle density : 

   1 ( )( )( )
z zz z oeon z n e e eo

ττ −− −=      (23) 
illustrated in Figure 4 (dashed line), one obtains : 

  ( ) 1
( ) ( )1

z

h

h z z zo oe ef u du e e e
τ τ

τ

− −⎡ ⎤− −−⎢ ⎥
⎢ ⎥⎣ ⎦

=∫    (24) 

 The corresponding analytical signals are not presented here : they are 
symmetrical with those illustrated in Figures 5 and 6. 
 
 
4 Application to experimental LIDAR signals 
 
    Experimental signals at our disposal correspond to two wavelengths, 355 nm 
(violet) and 532 nm (green), emitted simultaneously by the laser (located at the 
altitude h  of 1.65 km, with a vertical beam). We generate theoretical LIDAR 
signals (according to our probabilistic model previously described) and fit these 
theoretical signals with experimental signals, until we find a match. Our modeling 
of the LIDAR signal then gives us the corresponding values of various physical 
parameters involved in the backscatter. 
 
4.1 LIDAR signal processing 
 

The determination of the relevant values of these parameters is an 
optimization problem : we search the parameters which minimize a criterion of 
error (the 2L  norm of the difference vector between the experimental signals and 
the simulated ones). The problem consists in finding the minimum of a 
constrained nonlinear multivariable function. If we try to totally automate the 
processing and to optimize the whole set of parameters, the different optimization 
algorithms do not converge to satisfactory solutions. So, we proceed in a different 
way, using three successive steps. 
 We consider only the portion of the LIDAR signal without any cloud, and we 
optimize the values of the physical parameters of the atmosphere. 
 For each cloud, the three physical parameters related to a cloud ( 0ω , γ , 0n ) 
appear in the LIDAR equation only under the formula of the minimum mean free 
path of photons inside the cloud : ( )0 ,cloud z z ωΓ = . So, we determine 

( )0 ,cloud z z ωΓ = , “global” cloud parameter. We compare the results obtained by 
different probability laws, and we focus on the law yielding the best result. 
 Then, we deduct of ( )0 ,cloud z z ωΓ =  the cloud parameters : 0ω , γ , 0n . 
To do so, one LIDAR response is not enough : we need to exploit different  
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wavelengths simultaneously emitted ; Eq.12, when applied to each wavelength, 
leads to a system of three variables and as many equations as wavelengths. Of 
course, with only two different wavelengths, as is the case for our experimental 
signals (violet and green), we must take into account another piece of information : 
the respective orders of greatness of the various involved parameters. 
 An example of a real LIDAR signal processed with our procedure 
(developed with MATLAB) is given below. The obtained results are consistent 
with known data (see [11]). 
 
4.2 An asymmetric cloud 
 

This signal, referred to as 05050154, is an example of an asymmetric cloud, 
with a stronger density above its maximum than below. Its analysis leads to an 
Extreme Value law (see figures 7 and 8). The values of the fitted parameters are : 

• Pure atmosphere : 1
χ
=  7.0 km ; ( )0,atm refz ωΓ = = 11.0 km for refω  

equal to 5.4·1015 rad.s-1 (corresponding to the wavelength refλ =350 nm) 

• Cloud : 0z = 7.8 km, 0n = 10 particles.cm-3, 0ω = 1.1·1013 rad.s-1, 
γ = 3.0·10-13 s. So, the particle radius is r = 12.4 μm. 

These values indicate a high cold cirrus. Cirrus clouds are almost exclusively 
composed of ice crystals, whose size ranges from as short as 10 μm to as long as a 
millimeter, and whose number concentration ranges from 0.1 to 10 ice crystals per 
cm3 [2]. Here, we have a thin cirrus composed of small ice crystals, with high 
concentration. 

 

 
Figure 7. Experimental LIDAR signal 05050154, at the wavelength of 355 nm 
(violet line), and analytical one (black line) built from an Extreme Value law 
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Figure 8. Experimental LIDAR signal 05050154, at the wavelength of 532 nm 
(green line), and analytical one (black line) built from an Extreme Value law 

 
 
5 Concluding remarks 
 
    We take into account both the influence of the laser wavelength and the 
variations of cloud density according to altitude. It was made possible on the one 
hand by extending to the LIDAR the formalism classically describing electronic 
vibrations, and on the other hand through a probabilistic formulation of particle 
density. The calculation of the integral in Eq.16 is then simply solved by using the 
corresponding cumulative distribution functions. 
 Now, we are able to explain the differences between the responses of the 
atmosphere, at the same moment, to beams of different colors. The presence of 
several clouds, staged at different altitudes, can be considered. And particular 
probability laws are necessary to manage the asymmetry sometimes observed in 
experimental responses. 
 We model experimental LIDAR signals by theoretical responses, to 
determine quantitatively significant physical constants of atmosphere and clouds. 
Global determination of the whole set of unknown parameters is for the moment 
impossible (optimization algorithms diverge). So, we optimize a “global” physical 
cloud parameter, the minimum mean free path of photons inside the cloud ; then, 
the recourse to different experimental wavelengths permits us to deduce the 
characteristics of the cloud from this “global” physical cloud parameter. 
 Application to real signals enabled us to test at the same time the validity of 
the equation and the optimization performances. 

However, it is necessary to emphasize that our experimental signals 
corresponded to only two different wavelengths. It would be interesting to apply 
this method to sets of signals with more wavelengths : efficiency could only be 
improved. 
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