New Algorithm For The Retrieval Of Aerosol’s Optical Parameters By Lidar Data Inversion
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Atmospheric aerosols exhibit a high degree of variability in their properties and their spatial and temporal distribution. Laser remote sensing is now-days used to provide systematic monitoring of the temporal evolution of the aerosol in order to understand the radiative, physical, chemical and dynamic processes in the atmosphere. A lidar (Light Detection And Ranging) system is capable of long-term autonomous mapping of vertical aerosol structure. To obtain information about the aerosol in laser path from lidar data means to solve the inverse problem of laser beam propagation through non-homogeneous media. In this paper, we present a new method for solving the inverse problem in lidar sounding based on a hybrid regularization procedure.

The direct problem in laser remote sensing is described by the so-called “lidar equation”, which in the simplest case of elastic backscattering lidar can be written as follows [1]:
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(1)
where:  is the wavelength of sounding radiation,
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 is the range corrected signal, S is the lidar signal, Z is the distance in the laser path from the transmitter, CS is the system constant, m is the molecular backscatter coefficient, a is the aerosol backscatter coefficient, m is the molecular extinction coefficient, a is the aerosol extinction coefficient and Z0 is the minimum relevant distance from the transmitter.
In general, the inverse problem does not have unique solutions but finitely many branches of solutions. In the above equation,  and  are unknown parameters. The molecular components (m and m) of the backscatter and respectively extinction coefficients can be computed from pressure and temperature profiles using the standard atmosphere model, but the aerosols components must be both derived by inverting eq. 1. In order to solve the equation, an apriori relation between a and a must be assumed (was not marked in the following eq. for the simplicity of notation):
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If the lidar ratio profile on laser path is known (by complementary measurements, for e.g. from Raman scattering), a remains to be derived from (1). This equation is a Ricatti type and in consequence, its solutions are [2]:
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(3)
where
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LRm is the molecular lidar ratio and has a constant value of 8/3. In the case of simple elastic backscattering lidar, the solution can be analytical extract, but even in this case if solutions stability is not strong enough, uncertainty on measurements leads to incontrollable error in determined the system parameters. The solution (3) is strongly affected by the choice of the calibration point Zc and the value of the aerosol backscattering coefficient in that point. Generally, the calibration point must be choused where the backscattered signal from the aerosols can be neglected. By forward integration the solution is rather instable if the signal increases with the distance, but this can be avoided by using the “backward integration” [3]:
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In order to cover all possibilities for various atmosphere characteristics, a combined forward-backward solution must be used.

If the backscattering coefficient in the calibration point can be measured by other methods or estimated from atmospheric model, the main parameter which can introduce significant errors remains the lidar ratio due to the fact that to know its values over the entire laser path is practically impossible. In our work, the lidar ratio profile is computed based on the Ackermann model using relative humidity profiles which can be determined from radiosonde data or from atmospheric model. Conform to Ackermann model [4], the tropospheric continental type aerosol can be described as an externally mixture of three internally mixed components with different characteristics (soluble particles, insoluble particles and soot), each one with a distinct log-normal distribution, effective radius and refractive index and with a specific behaviour in relation with atmospheric humidity. This behaviour is determined by the origin and chemical composition of each aerosol’s component [5]. Knowing the vertical profile of the relative humidity and the dependences of the refractive index and effective radius versus relative humidity  for each aerosol’s component, the backscattering and the extinction coefficient profile can be derived by simple Mie calculation, and the lidar ratio as consequence.
The algorithm developed by our lidar group computes the theoretical value of the aerosol lidar ratio based on an assumed proportion of the three components and uses it as input in an iterative processing program. It follows the Fernald-Klett inversion technique along with atmospheric model to derive the aerosol backscattering coefficient from measured lidar data. If the “experimental” value of a obtained by inversion is sufficiently close to the theoretical one, then the initial assumed value of the component’s proportion is correct and all optical parameters of the components can be drawn: backscattering and extinction coefficient, effective radius, refractive index, size distribution, aerosol optical depth, volume concentration etc. If the difference between the “experimental” and theoretical values of the backscattering coefficient is greater then the threshold, then the control parameter (e.g. soot proportion) is varied by a unity (upward or downward, as needed) and the computation is redone until the equivalence of the two coefficients is reached.
This method presents two main advantages: not only that represents an objective method to calculate the lidar ratio profile which is necessary for lidar data inversion, but contributes in a direct manner to the stabilization of the solution vis-à-vis to the choice of the integration limits.
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