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MUSCLE XIII



Session 1 LIGHT SCATTERING IN AEROSOL ATMOSPHERE



1.1 Multiple Scattering and the Changes in the Length of the Day from the apparent Sunrise to the Apparent Sunset Due to Global Change Ariel Cohen and Moshe Kleiman1 Department of Atmospheric Sciences The Hebrew University of Jerusalem, Israel 1 Israel Institute of Biological Research, Ness-Ziona, Israel The length of the day is determined as the time span between Sunrise and Sunset. The actual instant of Sunset (and likewise – Sunrise) is dependent on the atmospheric refraction calculated for the Standard Atmosphere, and on the altitude and its horizon for a given location. Atmospheric refraction is taken into account in the determination of Sunrise and Sunset since these concepts are related to the average disappearance of the upper limb of the Sun to the observer. Such a disappearance has been previously merely related to the actual line of the apparent local horizon which gave rise to a standard sunset solar zenith angle of 90° and 50′ an angle which was calculated based on the astronomical refraction at sea level of the apparent Sun’s upper limb viewed at an apparent angle of 90° (undisturbed horizon), and for the average angular size of the Sun. Photographs of the setting Sun taken in Jerusalem during the months of July and August 2001, reveal that just once in several weeks the Sun did set at the line of the solid earth horizon; in all other days the layers of pollution along with the effect of light-clouds coverage brought the Sun to completely disappear to the naked eye at an average elevation angle of 0.5–1.0° above the horizon. The effect of the global change in the past century, which led to increased levels of pollution and augmented values of the cloud coverage, on the time of the apparent Sunrise and Sunset, is calculated based on single and multiple scattering from the aerosol layers to give rise to an estimated shortening of the day by 1–2 minutes in midlatitude.
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1.2 Fires 2002 in Central Russia and their Effects on Optical and Radiative Properties of the Atmosphere Natalia Chubarova1 and Alexei Rublev2 1



2



Geographical Faculty Moscow State University, Moscow Russian Researcher Center "KURCHATOV INSTITUTE", Moscow



July through September 2002 in Central Russia was characterized by severe fire smoke conditions that led to high concentrations of atmospheric aerosols and gaseous species, and strong attenuation of solar irradiance. A combination of a unique meteorological regime exacerbated the occurrence of the fire events in Moscow area and led to smoke conditions in Moscow itself. During this period a complex program of aerosol, gaseous and solar radiation measurements (including total, visible, UV-B and UVA irradiance) has been in operation at Meteorological Observatory of Moscow State University and at its site in a Moscow suburb (50 km to the west) at the MSU Zvenigorod biological station. We analyzed the properties of smoke aerosol retrieved from CIMEL sun photometer data for the whole fire period and compared them with those in typical fire-free conditions. Using radiative characteristics of smoke aerosol as input parameters to model simulations the impact of aerosol and several gaseous components (i.e. ground ozone, SO2, N02, and organic components) on attenuation of solar irradiance in different spectral ranges was distinguished and compared with experimental data. Considering the effects of gaseous absorption the fire smoke aerosol absorption properties have also been verified through fitting between model and measured attenuation of solar irradiance in different spectral region at both Moscow and Zvenigorod sites. We also analyzed the difference between fire and fire free conditions in radiative forcing efficiency at the top and at the bottom of the atmosphere as well as in solar absorption within the atmosphere.
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1.3 Retrieval of Aerosol Optical and Radiative Properties from Clear-Sky Measurements M.A. Sviridenkov1, P.P. Anikin1, and T.B. Zhuravleva2 1



Obukhov Institute of Atmospheric Physics, Moscow 2 Institute of Atmospheric Optics, Tomsk



The main parameters, driving the aerosol radiative forcing, are aerosol optical thickness τ, asymmetry factor of the aerosol phase function (mean cosine) g, and single scattering albedo ω. Optical thickness can be measured immediately. Retrieval of g and ω needs, in general, solution of the complicated inverse problem of the data on extinction and sky brightness measurements taking into account processes of multiple scattering in the atmosphere. The alternative approach is creation the parameterizations, connecting observed and retrieved parameters. We developed the empirical parameterizations for: 1. The ratio of diffuse to direct irradiation as function of the solar zenith angle, surface albedo, ω, g, and τ. 2. The mean cosine as function of the mean cosine of the brightness phase function in the solar almucantar, ω, τ, and integral of the almucantar brightness. 3. The mean cosine as function of the Angstrom’s exponent and particle refractive index n (for weakly absorbing aerosol). These parameterizations were obtained using Mie calculations and Monte Carlo simulations. Combination of the empirical formulae allows operative estimation of ω, g, and n from the data on the combined observations of the extinction, almucantar brightness and radiative fluxes. The approach, based on empirical parameterization was applied to interpretation of the data on field measurements at the Zvenigorod Scientific Station of the Institute of Atmospheric Physics.
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1.4 Urban Atmospheric Aerosol Properties Measured from Sky Radiometer in Hong Kong Andrew Y.S. Cheng and Peter Voelger Laboratory for Atmospheric Research Department of Physics and Materials Science City University of Hong Kong A sky radiometer has been operated in Hong Kong since the beginning of 2002. Seven wavelengths intensities were taken at intervals throughout the day. Inversions were made to retrieve the aerosol column volume concentrations of different aerosol radii. In this paper we presented some monthly averaged results of aerosol optical properties such as single scattering albedo, and optical refractive index. Examples of consecutive measures of the column aerosol properties are given to illustrate the change of air masses - maritime, continental and urban - over Hong Kong. Monitoring aerosol properties using sky radiometer has been found to be effective and efficient.
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1.5 Interaction of the Solar Radiation with Aerosols and Molecules within Clouds Irina N. Melnikova Research Center for Ecological Safety, Russian Academy of Sciences, Korpusnaya Str., 18, St. Petersburg, 197110, Russia, e-mail: [email protected] Results of the optical thickness retrieval from radiation observations in cloudy atmosphere revealed significant wavelength dependence. The values of single scattering albedo obtained from these observations show a strong absorption into clouds and the single scattering albedo significantly differs from the unit even in short wavelength region outside of atmospheric gaseous absorption bands (Melnikova, 1992; Melnikova and Mikhailov, 1994; Melnikova et al., 1999; Kondratyev et al., 1998). Namely, the single scattering co-albedo is: 1 − ω0 ~ 0.0005 for clean cloud; 1 − ω0 ~ 0.005 – intermediate case and even 1 – ω0 ~ 0.05 for polluted clouds with sand, dust or soot. Similar values of the single scattering co-albedo were obtained from satellite radiative observation processing by Melnikova and Nakajima (2000). All retrieved values of the single scattering co-albedo are much greater than it is expected from scattering Mie theory for the elementary volume of cloud. The optical thickness τ and the scattering coefficient σ that was obtained from airborne radiative observation indicate a distinct spectral dependence. At wavelengths longer than 0.8 µm values σ are twice less than at wavelength 0.4 µm. Asano (1994) has found from airborne radiation in cloudy atmosphere the similar feature: the optical thickness of stratus clouds appeared twice higher in visual range than that in near-IR range. The interpretation of the UV radiation observations in the cloudy sky by Mayer et al. (1998) also demonstrates the strong extinction: the cloud optical thickness in the UV region has been retrieved to be equal to several hundreds. The optical thickness retrieved from satellite measurements by POLDER gives the same result for seven satellite images and for all pixels considered (about 3000). However, it is to be point out that the calculation with using the scattering Mie theory does not show any spectral dependence of the scattering coefficient of cloud. The idea about the multiple scattering by cloud droplets increases the photon way into cloud is proposed as an explanation of found contradiction between features found and Mie simulations of light scattering into cloud The empirical relations for correction of Mie values of scattering and absorption coefficients are proposed.



References 1. Asano S., 1994: Cloud and radiation studies in Japan. Cloud radiation interactions and their parameterization in climate models. WCRP-86 (WMO/TD No. 648). Geneva. WMO. pp. 72–73 2. Hong Liao, John H. Seinfield. 1998: Effect of clouds on direct aerosol radiative forcing of climate. J. Geoph. Res., 103, No. D4, pp. 3781–3788 3. Kondratyev K., V. Binenko, I. Melnikova. 1998: Absorption of solar radiation by clouds and aerosols in the visible wavelength region. Meteorology and Atmospheric Physics, 65, pp. 1–10 4. Mayer B., Kylling A,. Madronich S, Seckmeyer G. 1998: Enhanced absorption of UV radiation due to multiple scattering in clouds: Experimental evidence and theoretical explanation. J Geophys Res 103(D23): pp. 31241–31254 5. Melnikova I., 1992: Spectral optical parameters of cloud layers. Application to experimental data. Part II. Atmospheric Optics, 5, No. 3, pp. 178–185 (in Russian). 6. Melnikova I., Mikhailov V., 1994: Spectral scattering and absorption coefficients in stratus derived from aircraft measurements. J. Atmos. Sci. 51, pp. 925–931. 7. Melnikova I., Domnin P., Mikhailov V., Radionov V., 1999: Optical characteristics of clouds derived from measurements of reflected or transmitted solar radiation. J. Atmos. Sci. v. 57, No. 6. 2000, pp. 2145–2143. 13
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1.6 Retrieval the Atmospheric Optical Parameters from POLDER Images Irina Melnikova1, Alexander Vasilyev2, and Nikolay Konovalov3 1



Research Center for Ecological Safety, Russian Academy of Sciences, Saint Petersburg 2 Research Institute of Physics, Saint Petersburg State University 3 Keldysh Institute for Applied Mathematics (KIAM) Russian Academy of Sciences, Moscow Data of remote measurements of reflected radiance with the POLDER instrument on board of ADEOS satellite are used for retrieval of the optical thickness, single scattering albedo and phase function parameter of cloudy and clear atmosphere (Deschamps et al., 1994, F.-M. Bréon & CNES Project Team, 1997). The method of perception neural network (Terekhov, 1998) that from input values of multi-angle radiance and Solar incident angle allows to obtain the surface albedo, optical thickness, single scattering albedo and phase function parameter in case of the clear sky. Two last parameters are determined as optical average for atmospheric column. The calculation of solar radiance with using the MODTRAN-3 code with taking into account multiple scattering is accomplished for neural network learning. All mentioned parameters were randomly varied on the base of statistical models of possible measured parameters variation. The methodology elaborated allows operative determining optical characteristics or cloudy either clear atmosphere. Further interpretation of these results gives the possibility to extract the information about total contents of the atmospheric aerosols and absorbing gases in the atmosphere and create models of the real cloudiness. An analytical method of interpretation that based on asymptotic formulas of multiple scattering theory is applied to remote observations of reflected radiance in case of cloudy pixels. Details of the methodology and error analysis were published and discussed earlier by Melnikova et al. 2000 and Melnikova and Nakajima (2000). Here we present results of data processing of pixel size 6×6 km. In many studies the optical thickness is evaluated earlier in the assumption of the conservative scattering. But in case of true absorption in clouds the large errors in parameter obtained are possible. The simultaneous retrieval of two parameters at every wavelength independently is the advantage comparing with earlier studies. The analytical methodology is based on the transfer theory asymptotic formula inversion for optically thick stratus clouds. The model of horizontally infinite layer is considered. The slight horizontal heterogeneity is approximately taken into account. The approach proposed by Konovalov (1997) is applied for estimation of the phase function asymmetry parameter. Formulas containing only the measured values of two-direction radiance and functions of solar and view angles were derived earlier. Six azimuth harmonics of reflection function are taken into account. Simple approximation of the cloud top boarder heterogeneity is used. The processing procedure is repeated for all wavelengths and pixels independently.



References 1. Deschamps P.Y., F.M. Bréon, M. Leroy, A. Podaire, A. Bricaud, J.C. Buriez, and G. Sèze; 1994: The POLDER Mission: Instrument Characteristics and Scientific Objectives. IEEE Trans. Geosc. Rem. Sens. 32, 598–615. 14



MUSCLE XIII 2. F.-M. Bréon & CNES Project Team, 1997: POLDER Level-1 Product Data Format and User Manual. PA.MA. 19.1332.CEA Ed. 2 - Rev. 0, November 4th, 34 pp. 3. Kneizis F.X., Abreu L.W., Anderson G.P., Chetwynd G.H., Shettle E.P., Berk A., Bernstein L.S., Robertson D.S., Acharya P., Rothman L.S., Selby J.E.A., Gallery W.O., Clouth S.A. The Modtran 2/3. Report and Lowtran 7 model. Phillips Laboratory, Hanscon, Massachusetts, 1996, 230 p. 4. Konovalov N.V. (1997) Certain properties of the reflection function of optically dense layers. Preprint of Keldysh Institute for Applied Mathematics (KIAM) RAS, Moscow 5. Melnikova I.N., Nakajima T. (2000) Single scattering albedo and optical thickness of stratus clouds obtained from “POLDER” measurements of reflected radiation (Bilingual). Earth Observations and Remote Sensing. (3): 1–16 6. Melnikova I.N, Domnin P.I, Radionov V.F, Mikhailov V.V. (2000) Optical characteristics of clouds derived from measurements of reflected or transmitted solar radiation. J Atmos Sci 2000, 57: 623–630. 7. Terekhov A.S. Course on the theory and application of the artificial neural network. 1998, Electronic version, Internet: http://alife.narod.ru/lectures/neural/Neu_ index.htm. 8. Timofeyev Yu.M., Polyakov A.V. Mathematical aspects of inverse problems solution of the atmospheric optics. Saint-Petersburg, Printhouse of St. Petersburg State University. 2001, 188 p. 9. Timofeev Yu.M. On inverse problems of the atmospheric optics. Izv RAS Atmosphere and Ocean Physics, 1998, 34, pp. 793–798.
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1.7 Inverse Problems of State Parameters Assessment for Natural Formation Using Satellite and Ground-Based Observations Vladimir V. Kozoderov M.V. Lomonossov Moscow State University, 119992 Moscow, Leninskiye Gory, 24 floor E-mail: [email protected] Models of remote sensing (RS) and ground-based (GB) data formation are considered together with numerical/computational (NC) modeling for climate and biosphere research. Multispectral RS imagery processing, GB data mapping representation and a testing stage for specified NC experimentation are analyzed in conjunction with modeling procedures of temporal data series analysis for the RS/GB information products and for the NC outputs. Integrated assessment models are the final stage of the relevant (RS, GB, NC) applications. Models of interpretation of multispectral images in visual, infrared and microwave spectral bands are initial to solve the inverse problems of quantitative parameters assessment (the biomass amount, in particular, for forest and other ecosystems). Each pixel of the images under processing are represented in terms of the listed parameters retrieved from space. These parameters are invariant (not depending on) to angular coordinates of the related targets observation, Sun illumination conditions and the current state of the atmosphere. Examples are demonstrated of the newly defined applications of satellite and groundbased observations using computational mathematics and mathematical geophysics methods while making the subsequent comparison with pure and applied modeling techniques. Basic principles of ecosystems management are derived from the outlined stages of monitoring and modeling procedures.
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1.8 Daylight Background Radiation Modeling for the Atmosphere With Multilayer Clouds by Influence Functions Method T.A. Sushkevich and E.V. Vladimirova Keldysh Institute of Applied Mathematics, Russian Academy of Sciences, Moscow A one-dimensional planar model is considered of the atmosphere with multi-layer clouds illuminated by a mono-directional parallel flux of solar radiation. A new approach is proposed to radiation transfer modeling and daylight background formation for the atmosphere with such clouds that is represented as a heterogeneous multi-layer system each layer of which is described by different optical characteristics. The influence functions of each layer are determined by solutions of the radiation transfer boundary problem with an external mono-directional wide flux while the contribution of multiple scattering and absorption in the layer is taking into account. Such problem is analogous to the widely known problem for the plane layer with an external solar flux the solution of which is not difficult and can be found by different well-known methods. The boundary problem for each layer can be solved depending on optical thickness, scattering and absorption characteristics by one of the following techniques: i) as a solution of transfer equation with an azimuth dependence; ii) as a solution of the problem with azimuth symmetry; iii) as a solution in two-flux approach; iv) as an approximate solution in asymptotic approach. Operators of radiation transmittance and reflectance on the boundaries between the layers are formulated based on the collision integrals, and the separate layers are united in a system by these operators. To calculate the total radiation inside or on the boundaries of the system with radiation exchange between the layers a matrix-vector operation is constructed for the operators the kernels of which are given by the influence functions of the layers. This work supported by the Russian Foundation for Basic Research (project 03-01-00132).
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1.9 About Computation of Multiple Scattering of Inclined Beam by Spatial-Freguency Characteristics Method T.A. Sushkevich, S.A. Strelkov, E.V. Vladimirova, A.K. Kulikov, S.V. Maksakova Keldysh Institute of Applied Mathematics, Russian Academy of Sciences, Moscow Multiple scattering and absorption of inclined narrow beam can be obtained in theory of radiation transfer as a generalized solution in the five-dimensional phase domain of spatial and angular variables concerning boundary layer problem for kinetic equation with a mono-directional pointed source on the boundary of the plane layer. This solution is interpreted in wide classes of mathematical physics problems as an influence function and can be found by the spatial-frequency characteristics method with these characteristics being considered as Fourier-transforms of the influence function on horizontal coordinates. Parametric one-dimensional in space transfer equations with complex-sign extinction coefficients and with mono-directional parallel radiation flux on the boundary of the layer are derived as a result of the Fourier-transformation on the horizontal coordinates of the initial transfer equation that is threedimensional on the spatial coordinates. The spatial-frequency characteristics to be represented through its amplitude-frequency and phase-frequency characterization are given by the parametric solutions (the spatial frequency is such a parameter) of these complex equations. The influence function is determined by the inverse Fourier-transformation of the spatial-frequency characteristics. To regularize the calculation procedure for the Fourier-integral the amplitude-frequency characteristics is approximated by a sum of exponents. The work supported by the Russian Foundation for Basic Research (project 03-01-00132).
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1.10 Research of Polarization Properties of Scattered Sunlight by Means of Photometric Measurements Along Inclined and Horizontal Paths Near the Shira Lake (Khakassia) V.P. Galileiskii, K.G. Zuev, A.M. Morozov, V.K. Oshlakov, A.I. Petrov Institute of Atmospheric Optics, Tomsk As a result of interaction of sunlight with particles of a terrestrial atmosphere the field of dispersed radiation is formed. The level of observable brightness of this radiation is defined by several factors. By consideration of mechanisms of formation of brightness of an atmosphere the important place occupies the phenomenon of polarization of dispersed radiation with atmospheric particles. In the present message authors, basing on the data of supervision of images of the atmospheric volumes covered by the Sun, carry out an estimation of a level of polarization of dispersed radiation. For performance of these supervision the CCD detector with system of registration and rotating before an objective of the receiver a polarizing optical filter was used. With the help of an objective on an input of the photo detector (CCD-matrix) the image of observable volume of an atmosphere was created. This image was translated in electric signals which then turned to files of digital RGB-images with gradation on amplitude 8 or 16 bit in each color channel. During supervision the pair images corresponding to orthogonal positions of a plane of polarization of an optical filter were registered. In work the initial data and results of mathematical processing of images of ground volumes of the terrestrial atmosphere shined by the Sun are resulted and analyzed.
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1.11 Some Problems of Visibility in Hazy Atmosphere with Particles of Small Modal Radius V.P. Galileiskii, K.G. Zuev, A.M. Morozov, V.K. Oshlakov, A.I. Petrov Institute of Atmospheric Optics, Tomsk Among tasks of optics of an atmosphere of one of the major visibility in conditions is when at an atmosphere there are particles with small modal radius. One of the basic sources such an aerosol in a terrestrial atmosphere are fires. For this reason, importance of understanding of the processes responsible for formation of visibility in such conditions has the important applied value. In the present message the questions connected to optimization of construction of optical system of means of vision in conditions dense мелкодисперсной atmospheric дымки are considered. Besides some information attributes which, in opinion of authors, should facilitate selection of observable objects are also considered. In construction of intellectual systems of supervision such selection of observable objects should allow to increase the quality of the image. Results of the executed theoretical researches are compared to the data of real supervision in conditions of the filled with smoke atmosphere.
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1.12 Light Scattering by Noctilucent Clouds A.A. Kokhanovsky Institute of Remote Sensing, University of Bremen, Germany Institute of Physics, Bel. Acad.Sci., Minsk Noctilucent clouds (NLCs) play an important role in the physics of the summer polar mesopause. They consist of tiny ice crystals with characteristic dimensions generally smaller than 200 nm. However, the predominant shape of particles is not known. Therefore, biases in the size of crystals obtained from ground and space by light scattering and polarimetric techniques can be considerable. This is due to the possible influence of shape effects on the scattering characteristics of particles. We test the assumption of the hexagonal and cubical particles as candidates for the predominant shapes of particles in NLCs using Maxwell electromagnetic theory to calculate the linear depolarization ratio (LDR). We compare results of recent measurements of LDRs with our calculations. Generally, theory and experiments agree very well at the NLC peak. However, the shape of crystals close to the cloud top remains unclear. Relatively high light depolarization ratios detected from the upper part of the NLC can be explained only using models of unrealistically elongated needle-like oriented particles or particles having dimensions much larger than those usually attributed to NLC events. The angular dependencies of the phase matrix elements for ice cubes and hexagonal cylinders are also studied. The work is performed in the framework of the discrete dipole approximation.
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1.13 Aerosol Robotic Network of Sun/Sky Radiometers (AERONET) – an Internationally Federated Network for Aerosol Optical Properties Characterization A. Smirnov, B.N. Holben, O. Dubovik, T.F. Eck, I. Slutsker, N.T. O'Neil, P. Goloub, M.V. Panchenko1 NASA/ Goddard Space Flight Center, USA 1 Institute of Atmospheric Optics, Tomsk



Abstract was not received by 15 June.
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1.14 Once again about the Formation Mechanism for Micro Crystal Particles in the Atmosphere and their Optical Characteristics L.S. Ivlev, P.I. Domnin Saint Petersburg University It is well known that if the temperature in the atmosphere is less than -20°, the ice crystals of various shapes are appeared [1]. The shapes of needles and threads are of the most interest. Usually the ratio of length/thickness for these particles is more than 5.1 and it reaches often the value of 10. It is impossible to explain this phenomenon by only physical-chemical properties of the water molecules. It is obvious that there are certain reasons that provide a stream of the molecules to the butt-ends of the crystals. The electric forces are the simplest explanation for the phenomenon. A large dipole moment is an additional argument in favour of this statement. Besides, there is the equation by Imyanitov-Shifrin found experimentally: E= c SM -1, where Е is the electric field strength, SM is the horizontal (meteorological) visibility, с is a constant. This constant is provided by a suggestion that a change of the meteorological visibility SM is caused by either a change of particle concentration or by a change of their scattering properties. The property is ready explained by an increase of particle sizes with an increase of the relative humidity. Nevertheless, a simple explanation of the growth of the aerosol particles because of appearance of certain electric forces is not evident [2,3]. The forces are too small for the watched electric field strengths and charges of the particles. It is possible to overcome these contradictions by taking into account a microphysical dynamic process: a straightening of the water molecules in thread-like formations due to magnetic forces and a capture of the electrons and protons (the law by Bio and Savarra) [4]. The optical properties of the growing structures will be governed by the strong non-sphericity of the particles. It will impact mainly on polarization properties especially in the case of preferred particle orientations in the gravitation and electric fields. . 1. L.S. Ivlev, S.N.Khvorostovsky, " Formation mechanism for clouds in the middle and high latitudes because of cosmic radiation", Proc. II Internat. Conf. "Natural and Anthropogenic Aerosols", Saint Petersburg, 2000, 208-222 (in Russian) 2.V.V. Klingo, Клинго В.В. "Change into an ice phase because of the electric fields of adsorbed ions" Proc. II Internat. Conf. "Natural and Anthropogenic Aerosols", Saint Petersburg, 2000, 43-46 (in Russian) 3.L.S. Ivlev, Yu.A. Dovgaluk. PHysics of the atmospheric aerosol systems, S-Petersburg University, 1999 (254 p., in Russian) 4.L.S. Ivlev, "The law of Bio and Savarra in the atmospheric electricity phenomena" Proc. II Internat. Conf. "Natural and Anthropogenic Aerosols", Saint Petersburg, 2000, 241-247(in Russian)
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1.15 A Web Portal on atmospheric Sciences E.P. Gordov1, A. De Rudder2, V.N. Lykossov3, A.Z. Fazliev4, K. Fedra5 1



Institute of Monitoring Climatic and Ecological Systems SB RAS, Tomsk 2 British Atmospheric Data Center, UK 3 Institute of Computational Mathematics, Moscow 4 Institute of Atmospheric Optics SB RAS, Tomsk 5 ESS, Austria



The information portal (http://atmos.iao.ru) consists of nine sites divided in two groups. The first group comprises subject-oriented sites most closely related to fundamental sciences. Here belong the sites on atmospheric aerosol, radiation, spectroscopy, chemistry, climate, and the site oriented for direct representation of data on routine measurements of atmospheric parameters taken in Tomsk and Irkutsk. The other group (http://atmos.scert.ru) involves an educational site that describes the problem of air quality management and two sites representing climatic and ecological aspects of two natural objects, namely, the West Siberian Lowland and Lake Baikal. The site “Atmospheric Aerosol” (http://aerosol.atmos.iao.ru) contains the calculations of aerosol optical characteristics (Mie theory), the model of optical characteristics of surface aerosol, and a calculator for solution of more than a hundred applied problems of aerosol measurements. The basis of the site on atmospheric spectroscopy (http://saga.atmos.iao.ru) is data on molecular spectra and spectral functions. Data sources are the Hitran and Geisa databanks and a large amount of data from various literatures. The site contains molecules’ classification, spectral characteristics, and spectral functions. The site oriented for the problems of atmospheric chemistry (http://atchem.atmos.iao.ru) contains the database of atmospheric chemical reactions and allows the user (using a chosen set of chemical reactions) to calculate the changes in concentration of atmospheric chemical components on the basis of the conditions set by the user. On the site on atmospheric radiation (http://atrad.atmos.iao.ru) the user can calculate total fluxes of upward and downward heat and solar radiation in an atmospheric model using the radiation block developed at the Institute of Computational Mathematics RAS. Some of the parameters of the radiation block can be varied. The information-computational system “Climatic model” (http://climate.atmos.iao.ru) is meant, on one hand, to demonstrate the capabilities of mathematical modeling for solution of separate climatic problems. On the other hand, it allows on the basis of Internet technologies and visualization tools interact with the users of this information to be aware of the results of these problems’ solution. At the same time, the system’s computational component is a global model of the overall atmospheric circulation. It is being developed at the Institute of Computational Mathematics RAS and realized with the help of high-performance computer systems with parallel architecture. The informational component of the Information-computational system is connected with a subsequent conversion of the calculation results into the information essential for concrete users (environmental specialists, economic executives, graduate and post-graduate students, teachers, etc.) One of the problems being solved by the scientific community consists in a daily monitoring of the environment, including the Earth’s atmosphere, on global and local scales. Subject oriented sites and Internet capabilities integrate diverse information form various sources and levels in real and near-real time and allow a qualitatively new tool for diagnostics, study, and prediction of environmental situations. The site “Helio-geophysical Measurements in Siberia” provides access to the data on atmospheric measurements obtained at the Institute of Atmospheric Optics SB RAS and the Institute of Solar-Terrestrial Physics SB RAS. Topically, the portal, on one hand, does not cover all the branches of atmospheric sciences. But on the other hand, even the subject areas presented in the portal contain gaps, whose filling is still an urgent problem. The work is supported by the grants of INTAS (00-189) and the Russian Foundation of Basic Research (02-07-90139). 24
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Session 2 GENERAL PROBLEMS OF THE RADIATIVE TRANSFER



2.1 Monte Carlo and Non-Spherical Particles P. Bruscaglioni1, S.del Bianco1, F. Martelli1, G. Zaccanti1, G. Bazzini2, M. Gai2 1



Department of Physics. University of Florence, Italy 2 ASPER, Florence, Italy



Monte Carlo is a usual procedure to deal with propagation of radiation in turbid media. If the scatterers are non-spherical or present chiral properties one has to take into account that propagation and attenuation occur with changing of polarization, unless beam polarization is according to particular modes depending on the type of particle. In general there are two such modes, which can be derived from the amplitude matrix representing the scattering properties of the particles. By usual methods of retrieving the eigenvectors for the polarization states of the fields one obtains the expressions of these polarization modes. (1,2) They also correspond to different extinction cross sections of the particles, and to different linear extinction coefficient for the medium, according to the optical theorem. In order to check the formalism followed to retrieve the modes, some examples relevant to small ellipsoidal dielectric particles are presented. In all cases of orientation of the mayor axes, the modes were those with linear polarization perpendicular or parallel to the axes, or to the average direction of these in case of nonisotropic orientation of the ellipsoid axes. (3,4,5) As a particular case, a Monte Carlo code, originally developed to deal with spherical particles, has been modified for adapting it to deal with small dielectric chiral spheres As is known, and is verified by the formalism indicated above, the suitable modes are those with opposite circular polarization. Thus, in order to apply a Monte Carlo code based on considering "photon trajectories", at each pass of the code, that is initially or after each scattering event, the Stokes Vector of radiation has to be split into two, each corresponding to different attenuation during propagation. Therefore the probability for power to be scattered at a certain distance by a volume element of the medium must be obtained by opportunely composing the probabilities for the two components, taking into account the relevant phases. An isotropic medium surrounding the particles does not introduce added phase differences to the components. The phase matrix for small chiral spheres is then applied as usual, to obtain the scattered Stokes Vector. Some examples of calculation relevant to power and polarization arriving at a detector will be presented.



References 1. Tsang Kong Shin Theory of Microwave Remote Sensing Wiley 1988. Sect. 3.8). 2. P. Bruscaglioni et al. Monte Carlo for multiple scattering and non-spherical particles. INTAS contract 01-0239. 3. Project Web-page http://osmf.sscc.ru/~smp/intas.html 4. B.P. Ablitt et al. Imaging and multiple scattering through media containing optically active particles. Waves in Random Media. ,9,561-57, 1999. 5. P. Bruscaglioni. Some simple checks for the formulas of Sect.3. of a paper by .the Florence group (Project Web-page http://osmf.sscc.ru/~smp/ intas.html. INTAS contract 01-0239. 6. M.I. Mishchenko, J.W. Hovenier, L.D. Travis. Light scattering by non-spherical particles. Academic Press, San Diego. 2000. 25
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2.2 The Auxiliary Function Method: a New and Exact Solution of the Radiative Transfer Equation for Incoherent Multiple Scattering Dr Mady Elias Centre de Recherche et de Restauration des Musées de France, Paris The auxiliary function method (AFM) takes full advantage of the expansion of the phase function on spherical harmonics in order to deduce an integral equation from the radiative transfer equation. In contrast to the discrete-ordinate method (DOM), it is free of the channel concept, the unknowns being only a function of the optical depth. The method has been recently applied to the optical framework, but it can be transferred to any field related to multiple incoherent scattering. After presenting the method, different applications will be discussed. The first example concerns a homogeneous medium: low-concentrations of mineral pigments embedded in an oil-based paint in order to explain the special visual effect of art glazes. This example provided the opportunity to compare simulated results with experiments. The second example concerns an other homogeneous medium: latex balls with Rayleigh or Mie scattering behaviour embedded in water. The results obtained with AFM will then be compared to those obtained with the DOM. The third example concerns inhomogeneous stratified media where the albedo and/or the phase function vary with the optical depth and where each sub-layer has a different refractive index. It will be shown that the AFM is very accurate and particularly well suited to such complex situations where other methods are not easily tractable. In all cases, single and multiple scattering are separated, quantified and the angular distributions of their flux are graphically presented.
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2.3 Peaked Phase Function Approximation in the Solution of Radiative Transfer Equation Viatcheslav Kisselev Saint Petersburg Institute for Informatics and Automation of the Russian Academy of Sciences, Saint Petersburg Highly peaked phase functions in the integral term of radiative transfer equation (RTE) create difficulties for its numerical solution. After Fourier expansion of this equation the necessity to use highdegree polynomials for the approximation of dependence of harmonics of peaked phase function on polar angle arises. High-degree polynomials require in turn high number of grid points for discretisation of the integral term as with a sparse grid traditionally applied gaussian numerical scheme does not provide for total flux conservation, resulting in the decrease of the accuracy of solution. Processor time consumption increase drastically with the increase of the number of grid points and for multiple solutions of RTE (e.g. for the solution of inverse problem by iterations) traditional approaches can hardly be applied. Development of flux conserving numerical scheme allowing for the arbitrary number of grid points is possible on the basis of finite element method. Obtained in this way discrete equations for harmonics of radiation intensity in the plane-parallel media make it possible to solve RTE with the accuracy about 1% and low number of grid points (4–8) for peaked phase functions (HenyeyGreenstein function with g = 0.95, phase functions for urban and rural aerosol). On the average processor time consumption of finite element scheme is about 10 times lower then that of discrete ordinate method for the same accuracy. Although finite element method significantly increases the accuracy of calculation of harmonics of intensity in the case of peaked phase function, the number of harmonics providing for necessary accuracy of total intensity remains high enough. The main reason here is the presence of the peak in the dependence of downward intensity (and also upward intensity if specular reflection from the underlying water body has place) on azimuth. Not only primary scattering, but also that multiple contributes significantly in the formation of this peak, so separation of primary scattering does not lead to noticeable reduction of the number of harmonics. With certain assumptions it becomes possible to obtain analytical solution for highly peaked phase functions, which takes into account multiple scattering and gives rather accurate results in the comparatively wide region near the intensity peak. On the basis of this solution the following computational scheme is developed. The phase function is presented as the sum of two functions: the first one has a sharp peak in forward direction and negligibly small values at large scattering angles; the second function is much smoother than that initial. The above analytical formula allows obtaining the solution of RTE with the first phase function, and RTE with the second phase function is solved using finite element method. The final solution is formed as the combination of these two intermediate solutions. As second phase function is smoother, much less harmonics have to be obtained numerically and computer time consumption is significantly reduced.
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2.4 Mathematical Model of Solar Radiation Reflection by an Underlying Surface Vladimir P. Boudak Light Engineering Department, Moscow Power-Engineering Institute (TU), (MPEI (TU)) General model for the definition of a signal at remote sensing of an underlying surface is a flat layer of a turbid medium with scattering particles, the size of which is much bigger than wavelengths. The light scattering in such medium has strongly anisotropic character. The calculation of a backscattering signal by existing methods at strongly anisotropic scattering is complex and has no sufficient precision for practice. The method of spherical harmonics (SH) (taking into account the elimination of a direct component radiation) has a strong oscillation. The Monte-Carlo methods have a large inaccuracy, connected with the analysis of the rare event with great weight. The first iteration from the small angle approximation (SAA) has an uncontrollable precision and a validity range. In the suggested solution the difference between the precise solution of the radiative transfer equation (RTE) and SAA is evaluated on the basis of the numerical solution RTE. The SAA solution is taken in a small angle modification of SH method (analytically represented as a series of spherical harmonics), that accordingly determines as a numerical method a SH method. This allows receiving analytical solution in the form of the matrix exponent. The solution is practically smooth at any sharpness of a scattering phase function, optical thickness and solar angle. Therefore it is required to use almost ten times less spherical harmonics in the solution, than usually. The suggested model includes a flat layer of a scattering medium, randomly rough Fresnel surface above and the Lambert bottom.
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2.5 Influence of Inhomogeneity Properties on the Depolarization Of Multiply Scattered Light in a Turbid Medium E.E. Gorodnichev, A.I. Kuzovlev, D.B. Rogozkin Moscow Engineering Physics Institute, Moscow The report is devoted to analysis of the depolarization process in various media with large-scale (more than a wavelength) scattering inhomogeneities. Although considerable attention has been focused on the study of multiple lifgt scattering, explaining polarization effects in turbid media with various inhomogeneities is still a topical problem. It has been found experimentally, that the depolarization lengths for linearly and circularly polarized beams depend strongly on the inhomogeneity sizes [1]. The theoretical explanation of this effect [2] offers a possibility to develop an approximate analytical method for solving the transfer equation. Two different mechanisms of depolarization – the "geometric" mechanism and the "dynamic" one – can be recognized in the case of light scattering by large-scale inhomogeneities. The "geometric" depolarization is due to Rytov's rotation of the polarization plane along each random ray. The "dynamic" depolarization is due to the difference in the phases of two cross-polarized scattered waves (only the "dynamic" process occurs in scattering of a circularly polarized beam). The difference between the rates of the "geometric" and the "dynamic" processes is the key point for the decoupling vector transfer equation. In the leading approximation the system of coupled equations for the Stokes vector falls into three independent equations for the basic modes, viz, for the intensity, for the basic linear mode (a certain combination of the second and the third Stokes parameters) and for the basic circular mode (the fourth Stokes parameter). All these equations are similar to the scalar transfer equation and differ only in the effective extinction coefficients. In the succeeding approximation the interaction between basic modes must be taken into account, and we obtain the equations for additional modes ("overtones"). In these equations the basic modes appear as sources. Additional modes are responsible for quantitative results for the polarization degree, the polarization plane tilt and other characteristics of multiply scattered light. We discuss analytical calculations of the Stokes parameters in the asymptotic state. Final expressions are given in an explicit form. The results of numerical calculations of the material coefficients (depolarization lengths, etc.) are presented. Calculations were carried out for various media with large-scale inhomogeneities (a suspension of latex particles in water, water droplets in air (spheres of a given radius and model Cloud 1), ocean water). As follows from the results of calculations, the initial depolarization is governed by the basic modes. The material coefficients that are responsible for the interaction between basic modes appear much less than the basic depolarization coefficients. The results obtained are compared with the experimental data [1,3] for the circularly and linearly polarized beams.



References 1. D. Bicout, C. Brosseau, A.S. Martinez, J.M. Schmitt, Phys. Rev. E49 (1994) 1767. 2. E.E. Gorodnichev, A.I. Kuzovlev, D.B. Rogozkin, JETP Lett. 68 (1998) 22; Laser Phys. 9 (1999) 1210; IRS 2000: Current Problems in Atmospheric Radiation, W.L. Smith and Yu.M. Timofeev (Eds.). A. Deepak Publishing. Hampton, Virginia, pp. 287-290; Izv. Atm. And Ocean Physics, 39 (2003) 333; Opt.Spectr., 94 (2003) 304. 3. V. Sankaran, M.J. Everett, D.J. Maitland, J.T. Walsh, Opt. Lett., 24 (1999) 1044. 29
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2.6 Monte-Carlo Simulation of Radiation Transfer in Optically Anisotropic Clouds S.M. Prigarin1, A.G. Borovoi2, A. Cohen3, I.A. Grishin2, U.G.Oppel4, T.B. Zhuravleva2 1



Institute of Computational Mathematics and Mathematical Geophysics, Novosibirsk 2 Institute of Atmospheric Optics, Tomsk 3 Hebrew University, Jerusalem 4 Ludwig-Maximilian Universirty, Munich



A mathematical model and a Monte Carlo algorithm were developed to simulate radiation transfer in dispersive media that is optically anisotropic with respect to zenithal angle of the light beam. The algorithm was created with the purpose to simulate radiation transfer processes and to solve problems of LIDAR sensing in the atmosphere with optically anisotropic clouds (for instance, crystal clouds). A testing numerical experiment was performed for a cloud with ice crystals of hexagonal cylinder shape. The local optical characteristics of the scattering media with ice crystals were computed on the basis of the pure geometric optics approach. We compared results of numerical experiments obtained for a scattering medium with particles stochastically oriented in space and in horizontal plane. It was studied how orientation of particles could affect the albedo of clouds and the shape of halos. The research was supported by INTAS (01-0239), RFBR (03-05-64655, 03-05-64745), SB RAS (2003-2) and Presidential program "Leading scientific schools" (HIII-1271.2003.1).
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2.7 Statistical Simulation of Space-Time Distortion of Laser Pulses in Stochastic Scattering Media Boris A. Kargin Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia, [email protected] The problems of statistical simulation of light pulse propagation in stochastic scattering media as applied to the problems of laser monitoring of the atmosphere and ocean are considered. A set of Monte Carlo algorithms, allowing the construction of numerical models for the field of multiply scattered narrow light beams in the aerosol atmosphere, continuous and broken cloudiness as well as in the ocean-atmosphere system, has been provided for the purpose. A special attention has been paid to solving the problem of optimization of Monte Carlo algorithms. The optimization is based on the method of “dependent trials”. The algorithms have been realized in a set of computer programs. The work has been done under the financial support of the RFFR (grant 03-01-0040), Integration grant of SB RAS (2003 - №2) and “Leading scientific schools” (grant NS-1271, 2003).
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2.8 “Fractal” Optical Anisotropy in Clouds and Monte Carlo Simulation of Relative Radiation Effects Sergei M. Prigarin Institute of Computational Mathematics and Mathematical Geophysics, Novosibirsk A hypothesis is made that optical anisotropy of clouds in the atmosphere can be implied not only by the shape and the orientation of scattering particles, but furthermore it can be a result of a random non-Poisson distribution of the particles in space. In that way even for water-drop clouds the optical medium can be essentially optically anisotropic if spherical water drops particularly distributed in space. An admissible model for the spatial distribution can be obtained on the assumption that particles are concentrated on a manifold of a dimension less then 3. That is an explanation of the term «fractal anisotropy». In the paper we propose a mathematical description of the fractal anisotropy and present results of a Monte Carlo experiment where we studied probable radiation effects caused by fractal anisotropy in a water-drop cloud layer. The research was supported by INTAS (01-0239), RFBR (03-05-64655, 03-05-64745), SB RAS (2003-2) and Presidential program "Leading scientific schools" (HIII-1271.2003.1).
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2.9 Pulse stretching of the Propagated Laser Beam I.L. Katsev, E.P. Zege, A.S. Prikhach, B.A. Kargin, A.B. Kargin B.I. Stepanov Institute of Physics, National Academy of Science of Belarus, F. Scaryna Ave. 68, Minsk, 220072, Belarus, Phone: (375-17) 284-19-97; E-mail: [email protected] A laser sounding theory usually ignores the pulse stretching for the reason it is small enough in comparison with the spread of the backscattering pulse. Nevertheless, there exist situations, particularly, laser sounding of thick clouds, deep waters or seabed ranging, where the allowance for the temporal forward pulse stretching cannot be neglected. As known, the theory of the forwardpropagating pulse stretching is one of the most sophisticated pieces in the theory of radiative transfer, particularly in the case of the localized source. The main idea of approach that allows estimation of the mean time and variance of the forward propagating pulse was briefly described in Proceedings of MUSCLE-12 (E.P. Zege, I.L. Katsev, A.S. Prikhach, G.D. Ludbrook, P. Bruscaglioni, "Analytical and computer modeling of the ocean lidar performance"). Using the new beam spread function model and the method of temporal moments we have developed an approach to describe the forward pulse stretching both for homogeneous and stratified media with very elongated phase function. In this paper we present the theory of forward pulse stretching, compare it with the known approaches (J.W. McLean et al. Appl. Opt., 1998, 37, p. 4701-4711) and discuss accuracy of the developed approach using comparison with results of Monte Carlo computations.
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Session 3 LIGHT SCATTERING BY NONSPHERICAL PARTICLES



3.1 Non-spherical Composite Particles: the Possibilities to Simplify Light Scattering Calculations N.V. Voshchinnikov Sobolev Astronomical Institute, Saint Petersburg State University For many scientific and practical purposes, it is necessary to consider the interaction of the electromagnetic radiation with particles of complex shape having inhomogeneous and fluffy structure. Almost in all cases this leads to very time-consuming computations which can not be applied for mass production. The presentation is focussed on the possible simplifications of light scattering calculations. Exact and approximate methods for calculating the optical properties of the small particles of different shape and structure are briefly analyzed. Various simplifications are discussed. They include: the replacement of non-spherical particles by spheres, the use of approximations for small and large particles and the effective medium theories (EMT) for inhomogeneous particles, etc. In particular, it is shown that the model of layered spheres can approximate heterogeneous particles consisting of inclusions of different sizes and that the EMTs give rather accurate results for particles of high porosity only if they have small (Rayleigh) inclusions.
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3.2 Applicability of the Wave Scattering Methods Ranging from the Rayleigh Method to the Separation of Variables and T-Matrix Method V.G. Farafonov, V.B. Il'in Sobolev Astronomical Institute, Saint Petersburg State University There are several popular methods to treat wave scattering process using monopole expansions of fields in terms of wave functions. The methods range from the Rayleigh method in grating diffraction to the point matching, separation of variables and T-matrix methods in light scattering by non-spherical particles. The applicability ranges of these methods were assumed either unknown or related with the Rayleigh hypothesis. Our analytical study of the methods led to formulation of general conditions of their applicability. The conditions involve the geometrical parameters of a scatterer (i.e. those describing its shape), but not physical ones (the refractive index, size, etc.). We also find that the conditions of convergence of the methods while calculating the scattered field in the near- and far-field zones essentially differ. Numerical study performed for scatterers of different shapes has completely confirmed the theoretical results.
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3.3 New Exact and Approximate Approaches to Calculate Light Scattering by Non-Spherical Inhomogeneous Particles and the Database DOP V.G. Farafonov, V.B. Il'in, N.V. Voshchinnikov, M.S. Prokopjeva et al. Sobolev Astronomical Institute, Saint Petersburg State University We suggest a set of new exact and approximate methods to treat light scattering by non-spherical multi-layered particles. The methods have different applicability ranges and well supplement each other. A number of codes based on the methods have been created and tested. The codes became a part of our Database of Optical Properties of non-spherical scatterers (DOP). Other parts of the DOP being a product of international cooperation are the reference- and database on optical constants including many original measurements, a graphic library of optical properties, specially written reviews and the bibliographic database covering about 10.000 papers on all aspects of the light scattering theory and its numerous applications. Possible use of the DOP is illustrated by a work where we compare approaches to model the optical properties of cosmic dust grain analogs using multi-layered scatterers and scatterers with inclusions on the basis of different effective medium theories. Please, let me know whether the topics selected by us are appropriate for the MUSCLE conference, the titles and the abstracts are OK, etc.
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3.4 Effect of the External Dielectric Medium on the Optical Properties of Noble Metal Nanoparticles N.G. Khlebtsov1, 2, L.A. Trachuck1, A.G. Melnikov1 1



Institute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of Sciences 2 Saratov State University, Saratov



We have studied the effect of size, shape and structure of gold and silver nanoparticles on the dependence of the extinction and scattering spectra of particles embedded in a dielectric surrounding medium of a different refractive index. Calculations are performed using Mie theory for spheres and nanoshells as well as the T-matrix method for randomly oriented bispheres, spheroids and s-cylinders with semi-spherical ends. The sensitivity of plasmon resonance tuning to the variation in the external refractive index (within the range 1.3–1.7) is studied for particles of different equivolume size. In the case of nanoshells, the overall size and the metal shell thickness are variable parameters. For nanoparticles with equivolume diameter of 15 nm, the maximal shifts of plasmon resonances are observed for bispheres; so the effect of external medium decreases in the order: nanoshells, scylinders (or spheroids), and spheres, respectively. For 60-nm particles, the maximal shifts of plasmon resonances are found for nanoshells; therefore the external medium effect decreases in the order: nanoshells, bispheres, s–cylinders (or spheroids), and spheres, respectively. Other things being equal, the plasmon resonances of silver nanoparticles are more sensitive to the variation of dielectric surroundings, as compared to the gold counterparts.
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3.5 Parameterization of Basic Optical Radiation Scattering Properties of Ice Crystal Particles A.G. Petrushin Institute of Experimental Meteorology Obninsk, Kaluga Region, 249038, Russia e-mail: [email protected] The parameterization of the basic optical characteristics of light scattering of some microstructure parameters in view of using the relatively simple expressions of these characteristics in the climate models and weather prediction models was made. The calculation of optical characteristics of light scattering (the phase scattering function P(θ) / 4π, scattering Ks, absorption Ka and extinction Ke efficiencies) for ice hexagonal prisms and for an elementary volume of a crystalline cloud were made with the calculation methods [1,2]. To calculate Ke values of calculations by hexagonal prisms with a chaotic orientation in space the sizes of which are comparable with the wavelength of incident radiation Mie-Lorentz theory can be used for spherical particles with the same refractive index and effective radius R32. The absorption efficiency Ka of hexagonal prisms with different orientation in space can be calculated using the suggested expressions for Ka in view of R32. For small (diffraction) scattering angles the phase scattering function P(θ) / 4π of ice crystals the sizes of which are more than the wavelength may be described with the high precision by the phase scattering function P(θ) / 4π for spherical particles with the radius R2 is equal the effective size R2 for ice crystals.



References 1. Petrushin A.G. The main optical characteristics of light scattering by mixed clouds. Izv. Ros. Acad. Sci. Atmos. Oceanic Phys., 2001, v. 37, N Suppl.1, pp. S149–S156. 2. Petrushin A.G. The light scattering by mixed-phase clouds. 8 International symposiums on atmospheric and ocean optics. Proceeding of SPIE, Irkutsk, 2001, v. 4678, pp. 372–381.
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3.6 Intensity Attenuation Coefficients for Discrete Scattering Media with Strongly Forward Biased Anisotropic Scattering A.C. Selden Department of Physics, University of Zimbabwe, Harare, Zimbabwe The relation of the eigen-values of the scattering matrix (attenuation coefficients of the intensity) to the coefficients gn of the Legendre polynomial expansion of the phase function is examined for strongly forward biased scattering in discrete random media - such as clouds and aerosols - with large size parameter ka >> 1. Model phase functions for clouds typically consist of a narrow forward peak (Mie scattering on the droplet distribution), a wide-angle (diffuse) component decreasing by some 4–6 orders of magnitude for scattering angles ~100 degrees and a back-scattering peak, which can reach high values for non-spherical scattering particles with regular geometry, such as ice crystals. The influence of these three components on the asymptotic (diffusion) and transient attenuation coefficients are evaluated for certain analytic phase functions found in the literature.
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3.7 Optical Resonances of Liquid Droplets and Hexagonal Plates and Columns A.C. Selden Department of Physics, University of Zimbabwe, Harare, Zimbabwe Light incident on dielectric particles with a simple geometry - such as spheres, hexagonal plates and cylinders - can undergo resonant scattering when the incident electromagnetic field couples to one or more resonant modes of the dielectric cavity, e.g. the whispering gallery modes (WGM) of a spherical droplet. The characteristics of these morphological resonances for the geometries relevant to water and ice clouds are reviewed with reference to the mode spectra and polarization of the scattered light.
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3.8 Development of an Optical Model for Cirrus Clouds A. Borovoi1, A. Cohen2, N. Kustova1, U. Oppel3 1



Institute of Atmospheric Optics, Tomsk 2 The Hebrew University, Jerusalem 3 Ludwig-Maximilian University, Munich



There are two approaches addressed to describe light scattering properties of ice crystal particles occurring in cirrus clouds. First approach is to calculate by a computer code all elements of the scattering (Mueller) matrix where a rather simple shape of a crystal particle is given. Then a superposition of such data for various shapes used results in a desirable Mueller matrix for cirrus clouds. At present, this approach is far from its completion since only a small number of crystal shapes needed are calculated yet. The second approach is an idea to replace approximately an ensemble of the crystal particles by a particle of an effective shape. This approach proves to be less successful since a choice of the effective particle parameters that matches satisfactory for one of the Mueller matrix elements becomes not good for other Mueller matrix elements. In our approach, we prefer to start from a rigorous numerical calculation of the scattering problem for particles of given shapes. But then the data obtained are connected with not the whole shape of a particle but with its geometrical elements like dihedral angles and aspect ratio. The main properties of angular distributions of the Mueller matrix elements like the well-known peaks in the forward and backward directions and halo peaks are approximately determined by these geometrical elements. Our optical model connects the Mueller matrices for various ensembles of ice crystal particles with a rather simple set of the geometrical elements inherent to the given ensemble. This model is supported by direct numerical calculations for ensembles of randomly oriented ice crystal particles. This work is supported by the International Association for the Promotion of Cooperation with Scientists through the New Independent States of the Former Soviet Union (INTAS), the U.S. Civilian Research and Development Foundation (CRDF), and Russian Foundation for Basic Research (RFBR) under projects INTAS- 01-0239, CRDF- RG2-2357-TO-02, and RFBR-03-05-64745.
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Backscattering Mueller Matrix for Hexagonal Ice Crystal Particles N. Kustova1, A. Borovoi1, U. Oppel2, D. Winker3 1



Institute of Atmospheric Optics, Tomsk Ludwig-Maximilian University, Munich 3 NASA Langley Research Center, Hampton 2



This is the backscattering scattering matrix that is needed for an interpretation of lidar returns measured experimentally. At the same time, there are no reliable theoretical data on backscattering Mueller matrix yet because of a kind of a singularity of the scattered radiation appeared at the backward direction. In this contribution, we begin from the obvious geometrical optics approach for the backscattered radiation. Such an approach is natural for the ice crystal particles of cirrus clouds whose sizes are essentially larger than the visible wavelengths. We have proven by direct numerical calculations that only a few kinds of light trajectories contribute to backscattering. Then we have developed a simplified algorithm for calculation of a contribution to backscattering from these trajectories. Thus, our approach looks to be a reliable method for calculations of lidar returns reflected from cirrus clouds. This work is supported by the International Association for the Promotion of Cooperation with Scientists through the New Independent States of the Former Soviet Union (INTAS), the U.S. Civilian Research and Development Foundation (CRDF), and Russian Foundation for Basic Research (RFBR) under projects INTAS- 01-0239, CRDF- RG2-2357-TO-02, and RFBR-03-05-64745
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3.10 Scattering Matrices for Ice Crystal Particles with Preferred Orientations A. Burnashov1, A. Borovoi1, A. Cohen2, U. Oppel3, A. Mokhosoev1 1



Institute of Atmospheric Optics, Tomsk 2 The Hebrew University, Jerusalem 3 Ludwig-Maximilian University, Munich



Scattering matrices for ice crystal particles of cirrus clouds are calculated usually in the suggestion that the particles are randomly oriented in space. At the same time, it is well known that a large-scale part of the particles prefers to be oriented in the horizontal plane. There are a few of papers where the preferred orientation is taken into account. In this contribution, we present results of our calculations of the Mueller matrices for ice hexagonal plates that are randomly oriented only in the horizontal plane. As a result, we get a set of numerical data that could be used for an interpretation of lidar returns. This work is supported by the International Association for the Promotion of Cooperation with Scientists through the New Independent States of the Former Soviet Union (INTAS), the U.S. Civilian Research and Development Foundation (CRDF), and Russian Foundation for Basic Research (RFBR) under projects INTAS- 01-0239, CRDF- RG2-2357-TO-02, and RFBR-03-05-64745
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3.11 Light Scattering by Axially Oriented Particles L.E. Paramonov Institute of Biophysics, Rus. Acad. Sci., Krasnojarsk The abstract is not received by 15 June.



44



MUSCLE XIII



Session 4.



MULTIPLE SCATTERING IN LIDAR RETURNS



4.1 Diffusion Patterns of a Pulsed Laser Beam Seen from a Monostatic and a Bistatic CCD Lidar Ulrich G. Oppel Institute of Mathematics, Ludwig-Maximilian University, Munich The transport of light through the atmosphere is modeled as a Lévy-type Markovian jump process of stochastic corpuscular multiple scattering of photons including polarization. The backward Kolmogorov differential equation of this Markovian jump process is the standard radiative transfer equation with polarization. Based on this stochastic multiple scattering process, Monte Carlo codes have been designed to calculate lidar returns containing essential contributions of multiple scattering (dense clouds, space). Since the retrieval of micro-physical cloud parameters is an ill-posed problem, it is necessary to collect as much additional information about the cloud as possible. Such information can be obtained by using multiple field of view lidars or CCD lidars. Based on the stochastic multiple scattering process, a new Monte Carlo code has been designed allowing for the calculation of the offaxis diffusion patterns of the emitted pulsed laser beam as it is “seen from the monostatic or bistatic CCD receiver”. These patterns allow for the classification of different types of scattering particles. Some examples of such patterns will be shown for collections of randomly oriented oblate and prolate cylinders and spheroids, for example for a monostatic CCD lidar: Cross polarized return from randomly oriented Xu oblate spheroids j17:
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Furthermore, some examples of such patterns for a bistatic CCD lidar will be shown for C1 and C2 clouds with different mode radii of the size distribution and for collections of randomly oriented oblate and prolate cylinders and spheroids, for example: Parallel polarized return from a C1 cloud with mode radius 8 µm, bistatic with elevation of 45˚:
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Cross polarized return from randomly oriented Xu prolate spheroids J1, bistatic with elevation of 45˚:
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4.2 Retrieving Scattering Depth Profiles from Ocean Lidar Waveforms E.P. Zege, I.L. Katsev, A.S. Prikhach and G.D. Ludbrook B.I. Stepanov Institute of Physics, National Academy of Science of Belarus, Minsk F. Scaryna Ave. 68, Minsk, 220072, Belarus, Phone: (375-17) 284-19-97; E-mail: [email protected] As known, up to now ocean lidar sounding cannot be qualified as a quantitative exploring method for seawaters because of lack of reliable inversion techniques. One of the obstacles for inversion of lidar waveforms is the decisive contribution of multiple scattering to the lidar return in the ocean lidars. In this paper we present a new general analytical inversion of the lidar equation with multiple scattering in the common case. This new inversion of the lidar equation includes all known solutions as particular cases. It works under single and multiple scattering, for any geometry, and for any reference point in the retrieval procedure. This inversion serves as a theoretical base for the newly developed techniques to retrieve the IOP profiles from measured lidar waveforms. The developed fast simulation of ocean lidar performance is a key to implementation of these procedures. The suggested iterative procedures require multiple computations of lidar return with different IOP profiles and in this process our fast modeling looks indispensable. We present also a new special tool, software “INVERTER”, for development, verification, and refinement of various retrieval techniques. The main component of this software is the previously developed program to simulate the waveforms in the ocean lidars. The modeling includes noise of different origin, particularly, shot noise, analogous-digital converter (ADC) noise, and constant background, which limits the measured depth range. The various iterative retrieval algorithms for different lidar systems, which were developed and verified with this package, are discussed. We have performed study of stability of the retrieval procedure and its sensitivity to the accuracy of a priory information. Particularly, it is shown that the lack of knowledge of the phase function in the forward directions does not lead to the noticeable retrieval errors. Nevertheless, specific features of the phase functions over the vicinity of the backward direction should be accounted for and we present the way to do this. The performed retrieval simulations were successful and showed an excellent coincidence of the retrieved profiles of seawater IOP with the initial ones (the sea truth). Our first experience with the proposed retrieval techniques looks very satisfied. It is important that this approach opens a lot of possibilities for the further retrieval improvement and developing. As a whole, the presented approach facilitates development of the full potential of lidar methods and essentially increases the retrieval capabilities of ocean lidars.
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4.3 Lidar Depolarization Asymmetry Measurements and it Relation with Optical Depth Gilles Roy, Nathalie Roy, Luc R Bissonnette and Jean Robert Simard Defence Research and Development Canada Valcartier, 2459 Pie XI Blvd. North, Val-Belair QC Canada G3J 1X5 Anisotropy in the polarization of the backscattered light from a polarized laser beam penetrating a cloud constituted of spherical particles has been observed experimentally. It has been clearly demonstrated that second order scattering causes this symmetrical anisotropy. Using an Intensified gated CCD camera we shows that when the optical depth increases, higher order scattering cause blurring of the symmetrical anisotropy pattern. Using the definition of contrast for the quantification of the symmetrical anisotropy, we show that the measure of the contrast is a measure of the optical depth. More over by subtracting the higher scattering event from the anisotropy pattern, the anisotropy pattern provide a "pure" second order scattering measurement that can be easily used for droplet size measurement. Keywords: polarization lidar, backscattering, multiple-scattering, optical depth, particle size.
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4.4 Analytical Approximation for Multiple Raman-Mie Scattering M. Kleiman1, A. Cohen2, I. Gurwich3, and N. Shiloah1 1



Israel Institute of Biological Research, Ness-Ziona, Israel 2 The Hebrew University in Jerusalem 3 LSRI



An analytical solution for the calculation of double Raman-Mie scattering in the presence of a cloud is presented. The model includes the Raman-Mie and Mie-Raman scattering processes occurring in the cloud volume as well as integrated Raman scattering signal from air molecules along the laser pulse from Lidar to the cloud base. The developed algorithm allows for the comparison of relative contribution of these processes to the total Raman-shifted Lidar signal. For typical Lidar and cloud parameters, double scattering is not negligible and its contribution to the Raman signal is around 20%.
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4.5 Retrieval of Particle Size of C1 and C2 Clouds from Multiple Scattering Using a Bistatic Lidar A.Y.S. Cheng1, G. Czerwinski2 1



2



City University of Hong Kong, Hong Kong Institute of Mathematics, Ludwig-Maximilian University, MunichIn



This paper we will discuss the design of a ground base bistatic lidar that will allow the retrieval of the particle size from both Cl and C2 clouds. Results of all orders of scattering and the Stokes vector calculated from the PBS Monte Carlo simulation code for specific bistatic lidar geometry will be given. From the analysis of the polarization intensities, the extraction of cloud particle size parameters from such bistatic lidar seems feasible.
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4.6 Some Comments on the Retrieval of the Extinction Profile from Multiply Scattered Lidar Returns Martin Wengenmayer Institute of Mathematics, Ludwig-Maximilian University, Theresienstr. 39, 80333 Muenchen, FRG Reflection, transmission, and absorption of sunlight by clouds plays an important role in climatology. Therefore one goal of lidar remote sensing is the determination of the extinction profile of clouds. We propose a generally applicable retrieval procedure for getting back the extinction profile of a cloud from the lidar return. This method is based on the idea to compare the measured signal with simulated signals which belong to properly parameterized extinction profiles and to search for the minimizing parameter set. The simulation will be done using our variance reduction Monte Carlo program PBS which takes multiple scattering and polarization into account. The search procedure can be deterministic or random search, or a mixture of both. The result of such a retrieval will depend on additional information such as the scattering behaviour of the cloud particles which is characterized by their Mueller matrices. Without such additional knowledge the retrieval of the real extinction profile will not be possible, i.e. the inversion is not unique. We shall show some examples. Furthermore, the inversion is ill-posed, i.e, small variations of the lidar return may lead to large variations of the retrieved extinction profile. Our retrieval procedure will allow for a sensitivity analysis of the method and, hence, of this ill-posedness. We shall present such a sensitivity analysis describing the degree of ill-posedness.
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4.7 Approximate Solution to the Bi-Static Polarized Lidar Sounding of Turbid Media Ludmila Chaikovskaya and Eleonora Zege Institute of Physics, National Academy of Science, Scaryna Ave. 68, 220072 Minsk, Belarus, e-mail: [email protected], [email protected] A newly developed theory to the bi-static polarized lidar sounding of multiply scattering media which provided a half-analytical solution of the problem will be presented and discussed. The theory provides analytical solutions for lidar waveforms from stratified media with strongly elongated phase functions, such as seawater, clouds, aerosols, tissue and etc. Our solution gives the Stokes parameters of the backscattered pulse and implies that incident and received polarization states may be arbitrary. Obtained final equations are presented by multidimensional integrals for elements of the medium 4x4 backscattering matrix that is the matrix transforming the incident Stokes parameters into Stokes parameters of the backscattered radiation. The developed vector theory of bi-static sounding of turbid media allows an essential simplification when the receiver axis forms small angle with the source axis. Results of computer modeling reveal this angles range for various scattering media. While angles between the axes are small, complexity level of computational approach can be lowered substantially and is practically the same as for the scalar bi-static sounding theory. Dependences of the power and polarization of lidar waveforms on medium optical properties and geometry of bi-static lidar obtained with the developed approach will be presented and discussed.
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4.8 Backscattering Patterns in the Polarized Lidar Sounding of Strongly Scattering Media Ludmila Chaikovskaya and Eleonora Zege Institute of Physics, National Academy of Science, Scaryna Ave. 68, 220072 Minsk, Belarus, e-mail: [email protected], [email protected] The report presents the theory of polarized lidar sounding (PLS) of multiply scattering media with highly anisotropic phase functions. This theory describes angular patterns of the backscattered signal observed through a polarizer and analyzer. Such patterns were visualized in experiments of Pal and Carswell (1985), Dogariu and Asakura (1993), Cameron et al (1998). The azimuth structure of these patterns attracted a lot of attention due to their characteristic features, for example, two or four-fold configurations in the plane perpendicular to the receiver optical axis while the analyzer and polarizer are linear and set in parallel or cross positions. Previously obtained approximate equations of vector theory (Zege and Chaikovskaya, 1996, 2000) along with generalized approximations earlier developed in the scalar theory (Katsev, Zege, Prikhach and Polonsky, 1997) form the basis for our theory of PLS. The product of the transposed Stokes vector of analyzer, medium backscattering matrix and transposed Stokes vector of polarizer gives distribution of the power of the detected signal. In the framework of the developed theory the angular patterns of the backscattering matrix elements are given as multidimensional integrals. Emphasize, our solution for the return power distribution (in general, the pulsed return) is defined for any initial and received states of polarization and includes multiple scattering. A fast computer modeling of the backscattering patterns conjunctions has been developed on the base of this solution. Examples of computer modeling of lidar backscattering patterns in the detector focal plane will be presented and interpreted in the report. Computed data give a set of different backscattering angular patterns obtained with different polarizer and analyzer states, which present elements of the 4x4 backscattering Muller matrix of a medium. Results obtained make the base for development of retrieval procedure for the single scattering matrix elements.
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4.9 Lidar Measurements Control Including Weak Backscattering Signals Processing A.D. Yegorov, I.A. Potapova, D.V. Privalov MGO Research Center for Atmospheric Remote Sensing Karbyshev Str. 7, St.Petersburg, 194021, Russia It is considered the problem of the software development for the control of the reliability with which the characteristics of atmospheric aerosols are determined from the results of lidar measurements. The errors of these characteristics strongly depend on the algorithms developed for weak signals processing. The appropriate choice of algorithms to be used for the lidar data analysis is based on the new rigorous solution of the lidar equation including the unknown power of the background light and multiple scattering. The rigorous solution was used for the lidar techniques development needed to determine the extinction coefficient of the atmosphere. It was carried out here inverting the backscattering signals returned from a homogeneous atmosphere and measured by the system transmitting pulses from one point in space. The homogeneity criterion was found and used for computerized testing of the lidar systems. The error analysis was carried out using the experimental results. The analysis of the results shows it was found a number of effective algorithms for weak signals processing based on the new rigorous solution of the equation and useful for lidar software development.
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ISTC Special Session



5.1 ISTC Project 2437 "Remote Detection of Oil Pollution" Lidar Method of Oil Pollution Detection on Rough Ses Surface V.I. Kozintsev, M.L. Belov, V.A. Gorodnichev, O.A. Smirnova, Yu.V. Fedotov Research Institute of Radio Electronics and Laser Engineering Bauman Moscow State Technical University 105005, Moscow, 2 Baumanskaja, 5, e-mail: [email protected] Phone: +7-095-263-63-47. Laser sensing, water surface, oil pollution, detection Method based on active laser location of water surface is the most perspective method for oil pollution detection on the water surface. The method uses intensity detection of reflected from water surface radiation and contras calculation between radiation intensity, which reflected from clean and oil polluted water surfaces. However this method has a disadvantage - it can classify clean water areas as "oil pollution", because area with high intensity of reflected radiation can be also an area with smoothed windinduced wave or an area with high reflection coefficient. For increase of reliability of oil pollution detection it is necessary to control two effects independently and simultaneously: a smoothing of wind-induced wave and a changing of reflection coefficient of water surface. That can be achieved by using of preliminary (before measurements) flight of aircraft over a fortiori clean (without petrochemical pollution) sea area and a special schema for water surface laser illumination. The special scheme has two narrow laser beams: the one is directed vertically downstairs, the other on is directed an angle along (or across) a flight line. The work is carried out under support of ISTC, grant #2437.
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5.2 ISTC Project В-1063 "CIS Lidar Network for Atmospheric Monitoring" Prospective Lidar Network and Its Integration Into the International Lidar Networks Yu.S. Balin1, A.P. Chaikovsky2 1



2



Institute of Atmospheric Optics, Tomsk Institute of Physics, Bel. Acad. Sci., Minsk



The territory of the New Independent States of the Former Soviet Union is poorly involved in the international cooperation for atmospheric monitoring. This project by International Science and Technology Center is devoted to fulfill the gap and to include in the atmospheric monitoring a great territory of Siberia.
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5.3 ISTC Project 2051 "Optical Crystal Growth from Melt and Vapor" New Nonlinear Crystals for Prospective Lidar Systems Yu.M. Andreev., A.I. Gribenyukov Institute for Optical Monitoring RAS, Tomsk In this project, the authors are developing a technology for growing the crystals that are prospective for the atmospheric optics investigations In particular, these crystals generate such a wide set of light frequencies that these crystals become an effective light source for spectral diagnostics of the atmosphere.
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5.4 ISTC Project КR-310 "Lidar Monitoring in Central Asia" Lidar Investigation of Aerosol and Temperature Profiles in the Atmosphere B.B. Chen Kyrgyz-Russian Slavonic University, Bishkek, Kyrgyzstan The abstract is not received by 15 June.
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5.5 ISTC Project 1113-2 "Air Monitoring by Infrared Laser" Development of Lasers for Diagnostics of the Chemical Composition of Aerosols G.K. Vasiliev Institute of Chemical Physics, Chernogolovka, Mosc. reg. The abstract is not received by 15 June.
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5.6 ISTC Project 1559 "Aerocomplex for Radiation Monitoring" Optical Investigations of Aerosols from an Aerocomplex I.I. Andreev VNIIEF, Sarov, N. Novgorod reg The abstract is not received by 15 June.
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POSTER SESSION



6.1 Inverse Problem for Diagnostics of Scattering Media by Laser Remote Sensing Sergei Nikolaevich Volkov1, Bruno Valentinovich Kaul1, Ignatii Viktorovich Samokhvalov2, and Dmitri Ivanovich Shelefontuk1 1



Institute of Atmospheric Optics, Siberian Branch of the Russian Academy of Sciences, 1, Akademicheskii Ave., 634055 Tomsk, Russia 2 Tomsk State University, 36, Leninskii., 634050, Tomsk, Russia E-mail: [email protected]



Remote lidar sensing in the photon counting mode is the now the commonly accepted method for studying atmospheric processes in the lower and free atmosphere. However, when processing signals obtained from lidar measurements, investigators necessarily face the problem of accuracy of reconstructing the atmospheric parameters that is connected with inhomogeneous contribution of noise to measured signals. In this paper, we propose the optimal method of linear regression of signals. This method is constructed based on the method of least squares. The optimal solution in this method is achieved due to the fact that at the noise suppression can be controlled at sliding reconstruction of the signal and this capability can be efficiently used for reconstruction of the atmospheric parameters. The accuracy of the method for the reconstructed signal is estimated. The proposed method is distinguished by the simplicity of interpretation of the used criteria based on careful following the statistical principles. This method is shown to be an efficient auxiliary tool for processing of measured data. The work was supported by Russian Foundation for Basic Researches (Grant N 04-05-64495).
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6.2 The Study of Accuracy of Retrieval of the Aerosol Microphysical Characteristics From the Data of Nephelometric Measurements S.A. Terpugova, M.V. Panchenko Institute of Atmospheric Optics, Tomsk, Russia The problem is considered of retrieval of the size spectrum and the complex refractive index of atmospheric aerosol particles using the data obtained by means of a spectral polarization nephelometer, namely, the directed scattering coefficients at three wavelengths (0.41, 0.5 and 0.63 µm) at the angle of 45° and two orthogonally polarized components of scattered radiation at two wavelengths (0.45 and 0.51 µm) at the angle of 90°. The iteration algorithm based on the Twitty method was used for retrieval of the particle size distribution. The problem was considered both for the field experiment and model aerosol media. The accuracy of retrieval of the size spectrum and the complex refractive index at different level of turbidity is estimated.
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6.3 Determination of Wind Speed Near a Sea Surface in Intensive Atmospheric Vortices A.F. Nerushev, E.K. Kramchaninova Institute of Experimental Meteorology, 82 Lenin Ave., Obninsk, Kaluga Region, 249038, Russia, E-mail: [email protected] The determination of wind speed Vs near a sea surface in storms and hurricanes from satellite information is significantly limited by an insufficient number of adequate radiation-physical models. In particular, the models developed for the microwave wavelength are applicable when Vs does not exceed 20-25 m/s. But in the central zones of cyclones in the high, moderate and tropical latitudes Vs is most commonly considerably higher. We have developed a method allowing one to determine a smoothed spatial distribution of Vs in the whole region of cyclone action – from the center to periphery. The method is based on the connection of cyclone radio-brightness images and its radio-brightness temperatures in different channels of a microwave radiometer with the cyclone most significant structural parameters: the dimensions of storm and hurricane wind zones, maximum wind zone and cyclone intensity. Knowing these parameters one will be able to retrieve the smoothed spatial structure of the Vs field. The method has been tested on the sounding data of the ocean-atmosphere system by the radiometers SSM/I (Special Sensor Microwave/Imager) in the zones of tropical cyclone action in the Atlantic and Pacific oceans in 1998 and 1999. Some examples of the Vs field retrieval have been considered for typhoons and hurricanes for several days of their lifetime. The method is applicable for cyclones with distinctly pronounced structural parameters – the eye, the eye cloud wall, hurricane and storm wind zone. Such are the tropical cyclones and polar mesocyclones (Polar Laws). Dynamically and thermodynamically Polar Laws occurring in winter under the propagation of cold polar air masses towards the open ocean are close to tropical cyclones but are still imperfectly understood. At the same time, their average dimensions (about 200 km) are by several times less than those of tropical cyclones.
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6.4 Monte Carlo Simulation of Polarization Raman Lidar G.M. Krekov, M.M. Krekova Institute of Atmospheric Optics of the SB RAS, Tomsk, Russia E-mail: [email protected] Further improvement of potential capability of combine elastic-Raman lidar is connected, as its well known [1], with addition of the polarization channel. The polarization technique is traditionally applied to elastic backscatters for discrimination of solid- and liquid-phase clouds and aerosol. At the same time, the depolarization of liquid-water and water-vapor Raman signals also contains useful information about atmospheric constituents. In contrast to Mie scattering, which does not change the polarization state, ro-vibrational Raman scattering in gases and incoherent Raman scattering in liquid droplets and crystals of ices introduces polarization change. Theoretical studies of these methods carried out using Monte Carlo simulations are presented in the report. We used the construction method of this stochastic process to design different variance reduction Monte Carlo codes for estimation of radiation fluxes simultaneously for Raman frequency shift set. The directional scattering and change of polarization states are determined by the scattering matrices belonging to aerosol and cloud particles scattering, Cabannes and ro-vibrational Raman scattering. Finally, we apply this code to analyze the influence of multiple scattering on time and polarization characteristics of Raman lidar. 1. Wandinger U., Ansmann A., Weitkamp C. Appl. Opt. 33, 5671, 1994.
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6.5 MONTE CARLO SIMULATION OF RAMAN LIDAR G.M. Krekov, M.M. Krekova Institute of Atmospheric Optics of the SB RAS, Tomsk, Russia E-mail: [email protected] Measurements of meteorological properties play a vital role in modeling and forecasting weather conditions that impact on many aspects of our daily lives. Raman lidars that detect elastic and rovibrational signals are excellent instruments for the remote sensing of tropospheric ozone and water vapor concentration. The pure rotational Raman technique allows one to extend the capabilities of such systems, in theory, to the measurement of atmospheric temperature even in the presence of clouds or aerosol particles and in the cases of no hydrostatic equilibrium is not given. In practice, however, as far as we know, insufficient account and suppression of the elastic multiple scattering signal in Raman detection channels makes it impossible to conduct reliable measurements in the presence of dense clouds. In this report, theoretical studies of the method have been carried out using Monte Carlo simulations for different atmospheric models, including water clouds or cirrus clouds. Model calculations including particulate, molecular and Raman scattering processes are performed to describe the general effects of multiple scattering in different possible situations of lidar sounding.
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6.6 Estimation of Microphysical Parameters of Oriented Plate Crystals on Characteristics of Reflected Optical Radiation O.V. Shefer Tomsk State University Institute of Atmospheric Optics, Siberian Branch of the Russian Academy of Sciences, Tomsk e-mail: [email protected] The information borne by the characteristics of reflected optical radiation in the cases of single- or double-ended lidar is studied within the framework of a crystal cloud model as a system of oriented crystal plates. The intensity of the field specularly reflected from the plates with the allowance for their possible flutter significantly (by orders of magnitude) exceeds that for any other oriented crystals of extended shapes. Analysis of numerically calculated scattering characteristics revealed the following. The plate flutter and the parameters of the particle size distribution, namely, the mean plate radius and the dimensionless parameter characterizing how steep are the slopes in the gamma distribution can be determined from estimated relative characteristics of specularly reflected radiation obtained at small-angle lidar scanning. Besides, the information content increases for the wavelengths in the visible region. From the results of relative measurements of the scattering coefficient, it is possible to estimate the flutter and the mean radius of plates. It is possible to estimate the concentration of plates in the scattering volume from the absolute values of the scattering coefficient.
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6.7 Peculiarities in The Angular Distribution of Clear Sky Brightness at Large Zenith Viewing Angles: Results of Computer and Filed Experiments I.M. Nasrtdinov, S.M. Sakerin, D.M. Kabanov Institute of Atmospheric Optics, Tomsk The methods of the solar photometry of the atmosphere based on interpretation of the angular distribution of radiation near solar almucantar are widely applied to restore the optical characteristics of aerosol. For further development of these methods, it is necessary to get more complete data about regularities in formation of the brightness field of the cloudless sky, in particular, for large zenith viewing angles. For this purpose, the experimental investigation of the angular distributions of diffuse radiation in the near-horizon sky zone was conducted in summer 2003 in the forest area (Fonovyi site of IAO SB RAS) located 60 km far from Tomsk. The experiment involved measurements of three types of parameters: 1. sky brightness at the solar almucantar; 2. azimuthal distribution of the sky brightness in the near-horizon zone (80 – 89°); 3. sky brightness as a function of the zenith viewing angle. The experiment was conducted with the use of the scanning photometer operating in the spectral region of 0.44–1.06 µm and the sun photometer for the accompanying measurements of the aerosol optical depth in the spectral region of 0.37 – 1.06 µm. The paper considers the tentative experimental results on the spectral brightness fields of the clear sky at the solar almucantar and in the near-horizon zone and compares them with the results of computer experiments. It is shown that, when approaching the horizon, the brightness can increase, achieve some peak (saturation), and then decrease. This regularity is caused, in the first turn, by the single scattering component, and the peak position is mostly determined by the optical thickness of the atmosphere. In some cases, for example, under the conditions of high atmospheric transmittance, the brightness is the monotonically increasing function of the zenith viewing angle. The data of the field measurements confirm the regularities revealed in the computer experiment concerning the sky brightness at large zenith viewing angles. This work was supported, in part, by the Russian Foundation for Basic Research (grant No. 0205-64492), the Program of Basic Research of the Presidium of RAS (project 13.4), and the DOE’s ARM Program (contract No. 5012).
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