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RADIATIVE TRANSFER THEORY

1. Studies of radiation transfer mechanism by different methods and development of new models

A number of new models have been developed with using the analytical and semi-analytical methods; among those – models of polarized radiation: 

· small-angle modification of method of spherical harmonics for solving the vector equation of radiation transfer for infinite homogeneous media with point mono-ward source of non-polarized light (Budak and Veklenko, MEI); 

· a method for calculating the polarization characteristics of radiation (with single-scattered assumption) in real atmosphere with point isotropic source (Puzanov, SPS “Radon”, Moscow); 

· a scheme for precise calculating the brightness of light aureole around lazer beam in atmosphere (IAG);

· analytical approaches for calculating the radiation reflection and transmission by dense cloud layer with taking the polarization into account (Konovalov, IAM RAS).

Methods of statistical modeling are used for determining the radiation fields for more complicated cases. Multi-layer model of broken clouds was developed and used for analyzing the influence of the correlation of cloud layers on radiation fluxes (Zuravleva, IAO SB RAS and Prigarin, ICMMP SB RAS). In IAP RAS (Postylyakov), the statistical simulation was used for determining the connection between data of satellite measurements and distributions of atmospheric trace gases. This connection was further used in the inverse problem of retrieving the atmospheric constituents. 

New stage in numerical methods of solving the radiation transfer equation is connected with the making of super-computers with parallel architecture with 1012(1013 operations per s. In IAP RAS grid algorithms for solving the transfer equation have been developed and realized in the code RADUGA–5.1 (for single-processor computer) and RADUGA5.1(P) (for multi-processor one). These programs are designed for a wide range of tasks including problems of atmospheric optics (for the time being – without polarization) and make possible calculations for inhomogeneous mediums with two- and three-dimensional geometries with inner and external sources (distributed and 
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–shaped), with possible reflection by external boundaries under common assumption on the scattering, reflection and source anisotropy. It was shown that the above codes allow the modeling of radiation transfer for wide class of inhomogeneous mediums for different types of sources and reflecting surfaces. [Germogenova and Nikolaeva, 2001; Bass at al., 2001; Germogenova et al., 2001].

2. Development of methods and models for calculating the radiation transfer in problems of ocean optics 

Scientists of IO RAS (SPb branch) [Zolotukhin and Levin, 1999; Kokorin and Shifrin, 2000; Levin, 2000] developed new theories and models: 
· the model for calculating the sea surface irradiance under broken clouds. It takes into consideration the cloud amount and size, the sun evaluation and radiation spectral range. The model may be used in the algorithms of water parameter retrieval for remote sensing problems;

· the optical model of maritime atmosphere for the problem of optimal experimental design in ocean remote sensing;

· the theory of the oil film imaging on the sea surface from space and recommendations for using the spectral channels of color scanners SeaWiFS, MISR, and MODIS for detection of the surface contamination;

· the optical model of sea bottom imaging through the rough sea surface. The model based on the theoretical and experimental study takes into account the image distortion by surface waves and backscattering in water and atmosphere. It can be used for determination of optimal observation conditions and strategy; 

Besides, theoretical studies of scattering parameters of sediment particles and maritime aerosol on the basis of the model of radial-inhomogeneous particles have been completed.

3. Studies of radiation transfer in crystal and mixed clouds has been performed in IEM SPA "Typhoon" [Petrushin, 2001, 2002]. 
Principal optical characteristics of scattered radiation (indicatrix of scattering the non-polarized radiation, sections and effectiveness factors for radiation attenuation, scattering and absorption) which are required for calculating the radiative cloud characteristics have been obtained. Parametrization of optical characteristics for crystal and mixed clouds as a function of different parameters of microstructure has been completed. 
4. Development of the theory of non-LTE radiation transfer

Following scientific results have been obtained by scientists of SPbSU:

· the standard problem of non-LTE radiative transfer in a rovibrational band for an optically semi-infinite plane-parallel planetary atmosphere using a model of a linear molecule with two vibrational states has been formulated and solved [Shved and Ogibalov, 2000]; 

· Khvorostovskaya et al. [2002] have presented the first laboratory measurement of the rate constant for quenching the CO2 (0110) state during collisions of CO2 molecules with O atoms at temperatures realized near the Earth’s mesopause. The measured values are significantly smaller than those commonly used in solving the non-LTE CO2 problem for the vibrational states of the mode (2 in the atmospheres of the Earth, Venus, and Mars; 

· three simplified non-LTE CO2 models for the Earth is presented by Ogibalov and Shved [2002]. The models are distinguished by the number of states included in solving for the steady-state populations of the CO2 vibrational levels;

· estimates of the population of excited vibrational states of the CO2 molecule and of the rate of radiative cooling of the atmosphere in the 15-(m CO2 band are produced by Ogibalov and Shved [2003] for the nighttime mesosphere and thermosphere of Mars on the basis of new laboratory data on the rate constant for quenching of the CO2(0110) by O, which has been measured for low temperatures by Khvorostovskaya et al. [2002];
· an estimation of population inversion for the (0000) and (1000) states of the CO2 molecule in the Earth’s atmosphere has been performed by Shved and Ogibalov [2000];

· a refinement in radiative heat influx and its parameterization have been performed using the new rate constant measured by Khvorostovskaya et al. [2002] by Ogibalov at al. [2000].

· a new self-consistent model of the О2 daylight emissions in middle atmosphere is developed. It is shown that the O3 height profiles retrieved with using this model from measured emissivities at 762 nm and 2.27 (m agree within the experimental error [Yankovsky and Manuilova, 2003].
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ATMOSPHERIC MOLECULAR SPECTROSCOPY

Scientific studies have been carried out in directions:

1. Development of new informative(computational systems and databases on spectroscopic and photo-chemical parameters of atmospheric gases;

2. Theoretical and experimental investigations of spectroscopic parameters of atmospheric gases and concrete systems, the modeling of atmospheric radiation and the verification of models by experimental data;
In the last years, a number of informative(computational systems and databases was developed: 

· “Spectroscopy of Atmospheric Gases” (IAO SB RAS), giving the Internet-access to the information on parameters of spectral lines (PSL), absorption cross-sections of atmospheric gases and destined for solving the problems of molecular spectroscopy. The PSL base is databases of spectroscopic information HITRAN-2000 (including the H2O, CH4, O2, NO, NO2 и C2H2 data of 2001) and GEISA-97. In addition CO2 molecule is presented by original calculation data [Tashkun et al., 2001].

· Internet-accessible information system "Spectroscopy and the Molecular Properties of Ozone" (S&MPO) (IAO SB RAS in collaboration with Reims University), which contains computational and experimental ozone spectra up to 5800 cm-1. S&MPO involves the information on the ozone absorption spectra, enables the modeling of the ozone absorption spectra in inter-active regime and the comparison of calculation spectra with experimental ones. Built-in high-precise database of parameters of CO2 spectral lines contains the best all-around information on spectral line parameters for four frequent isotopic modifications of the molecule [(http://ozone.iao.ru and http://ozone.univ-reims.fr]. 

· Database of physical-chemical and spectroscopic parameters for modeling the processes in high-temperature gaseous mediums (SOI), which provides a means for physics–mathematical simulation and calculations of optical gas characteristics in the ranges: temperatures – 200(10000 K; pressures – 10-5(10,0 atm, wavelengths – 0,1(25,0 (m and for arbitrary averaging spectral intervals. 
· Database for calculating the spectral characteristics of the СО2 high-temperature spectra (ITOES).
· Database of atmospheric photo-chemical reactions (TSU and IAO SB RAS) which is the basic component of informative-computational system on atmospheric chemistry. It involves photochemical, biomolecular and thermo-molecular reactions.
In the frames of the second direction, theoretical and experimental studies have been carried out by a number of institutes.

Scientists of IAO SB RAS have put out considerable effort for determining the parameters of vibration-rotation lines. This work was primarily directed to provide databases. Calculation models which present vibration-rotation spectra of the CO2 [Tashkun et al., 2000], the ozone [Sulakshina et al., 2000], the carbon bisulphide [Naumenko and Compargue, 2001] which describe the vibration-rotation lines with the accuracy close to recent experiment were developed. In addition, the influence of intermolecular interaction on spectral characteristics (the line narrowing due to collisions) [Kochanov, 2000] and the influence of rotational excitation on thermodynamic characteristics of atmospheric gases [Starikov and Kopytin, 2000] have been studied. 
The study of line mixing effects on the shapes of vibration-rotation bands in the infrared (IR) absorption spectra of simple molecules was carried out in two directions by specialists of SPbSU. First, experimental and theoretical investigations of the CH4 spectra in the range of the main bands were investigated. The frequencies and intensities of rotation-vibration lines were estimated from the experimental spectra at Doppler shape conditions and the HITRAN data were refined. The line broadening coefficients were found from lower pressure (below 1 atm) data for mixture spectra. The same values were calculated theoretically and then those were used for the attribution of overlapped lines in clusters [Grigoryev et al., 2001; 2002]. The second direction of studies was connected with developing the empirical forms of rotational relaxation matrix which allow to easily calculate the shapes of the vibration-rotation bands for the molecules of practical importance, firstly CO2 and H2O. Atmospheric transmittance in the 8-12 (m atmospheric window has been estimated and the mechanism of radiation transfer in the condition of overlapped lines and bands has been considered an example of pure CO2 gas [Filippov et al., 2002]. 

Scientists of IAP performed the precision investigation of atmospheric radiation absorption in wide frequency range (from 45 to 203 GHz) by resonator spectroscopic methods. The measurement sensitivity and accuracy exceed the world level by about an order. These studies involve the O2 absorption band near 60 GHz, a sequence of O2 lines at 118 GHz and H2O at 183 GHz and the windows of relative atmospheric transmittance. The experimental results are compared with theoretical calculations [Tretyakov et al., 2001]. 

In IAO SB RAS, simulation of continuous absorption by CO2 and water vapor is carried on [Golovko 2001, 2001a]. On the basis of complex laboratory and atmospheric measurements it was determined that, in the macro-windows of the 0.4 мкм - 1.1 (m spectral range, the radiation absorption by small-disperse aerosol particles in the ground atmospheric layer can exceed the input from molecular constituents of atmospheric air by more than an order [Kozlov et al., 2002].
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RADIATIVE CLIMATOLOGY

The research work on this topic was carried out in several directions:

1. Ground and satellite monitoring of radiation balance components as well as solar radiation in different spectral range including biologically active UV radiation. The development of modern algorithms for assessment of different scale variations of solar radiation balance.

2. Numerical estimations of different atmospheric parameters influence on solar radiation on the basis of measurements and modelling and their climatic effects.

3. The development of algorithms for solar radiation computation in weather and climate numerical models.

The research activity within the framework of the first direction is presented by the results of radiation balance components monitoring at the network of actinometric (radiation) stations in Russian Federation and Antarctika (MGO, AASI), long-term measurements of solar radiation balance components as well as solar radiation on different spectral ranges including UV radiation (MSU, IEM, IAP RAS, SSU, etc) and the interpretation of the results.

During the last four years the solar radiation data archive has been created for Antarctica region for the period 1957-2001. Using these data the absence of constant trends in solar radiation has been shown for the period of observations [Radionov et al., 2002, 2002a, The catalogue for Antarctic climate, 2002].

In MSU, since 1999 regular measurements of biologically active UV-B radiation by UVB-1 YES instruments have been in operation in addition to the large complex of solar radiation measurements. Since 2001 the long-term program has been started for evaluation of aerosol optical properties in the frame of international program AERONET [Uliumdzhieva et al., 2002]. Within the framework of the AERONET program the same aerosol measurements are being in operation in Tomsk and Krasnoyarsk at the territory of Russian Federation. The tendencies in long term changes of atmospheric transparency, cloudiness, solar radiation and surface albedo have been shown on the base of measurements in Moscow for the period 1955-1998 [Abakumova, 2000].

The analysis of UV radiation variability for 1968-1997 according to the measurements in Moscow did not reveal the UV trend, however since the middle of 1980s there is a tendency of UV radiation increase, that corresponds to the results of TOMS satellite measurements [Chubarova et al., 2002; Chubarova and Nezval’, 2000]. On the base of satellite and ground data the variability of biologically active UV iradiance has been reconstructed since the middle of 20 century over Eurasia [Chubarova et al., 2001]. The analysis of biologically active irradiance variability for Moscow and Moscow suburbs has been fulfilled [Chubarova, 2002]. The monitoring of spectral UV irradiance in Obninsk and Kislovodsk is being in operation, the results of measurements are analyzed [Nerushev et al., 2001].

IAP RAS conducts systematic measurements of optical characteristics of aerosol, develops the microphysical models of ground aerosol and models of radiation characteristics for the whole atmospheric depth [Gorchakov et al, 2001]. A numerical procedure of calculation of spectral distributions of scattered radiation of the Earth atmosphere allowing, in particular, to calculate the spectral fluxes (downward irradiances) of biologically active ultra-violet radiation, is developed. The procedure is intended for calibration of results of ground-based measurements of UV radiation downward irradiances from all top hemisphere of the sky, spent with the help of Brewer spectrophotometer [Elancky et al., 1999] and based on the numerical model of scattered radiation of the spherically symmetric atmosphere irradiated from above with a plane uniform stationary flux of monochromatic photons [Belikov et al., 2000]. It is supposed, that the atmosphere contains aerosol components of several types, generally, with strong anisotropy of scattering.

The scientists from SSU work on the investigation of radiation balance of the Earth including the measurements of solar constant, outgoing shortwave radiation and albedo from sun synchronous satellite “Resource-01”[Sklyarov, 2001, Sklyarov et al., 2000].

In the MGO, the model description of the energy exchange at the Earth surface based on the method of neural networks (NN). [Pokrovsky et al., 2001, 2002]. The combined database of radiative, heat budget and meteorological measurements has been developed, the work on classification of diurnal cycle of main meteorological parameters, radiation balance components and heat budget has been fulfilled, the experiments on tuning and modeling of diurnal cycle with the help of NN as well as the comparison between modeled and measured data have been performed. 

The research activity within the framework of the second direction covers large amount of studies which were fulfilled in different institutes (IAP RAS, MSU, Kurchatov Center, IAO SO RAS, SPbSU, etc).

On the base of measurements and modelling the effects of gaseous, aerosol and cloud impact on solar radiation at the Earth surface in different geographical regions as well as their possible impact on climate system are discussed [Tarasova et al., 1999, 2000; Tarasova and Fomin, 2000; Gorchakova et al., 2001, Vasiliev and Melnikova, 2002; Abakumova et al., 1999, 2002; Shilovtseva and Feigelson, 2001]. The analysis of “abnormal atmospheric absorption” has been carried out for cloudless conditions based on measurements and modelling results [Chubarova et al., 1999, Rublev et al., 2001; Trembach et al., 2001]. The radiative effects of non accounting for vertical correlation between different layers of cloudiness have been assessed on the base of poisson multilayer cloud model [Titov and Zhuravleva 1999; Prigarin et al., 2002]. Aerosol radiative forcing in the shortwave region of spectrum is being studied by scientists in IAP RAS [Golitsyn et al., 2002].

The research activity within the framework of the third direction concerns the development and comparison of modern radiative codes, which are incorporated in the weather forecast and climate models.

In the MGO the analysis of modern radiative algorithms incorporated in the hydrodynamic climate models which took part in AMIP-2 intercomparisons has been performed [Sporyshev et al., 2002]. Several scientists from MGO and ICM took part in the ICRCCM3 intercomparison of radiation algorithms [Barker et al., 2002]. The accuracy of frequently used cloud overlapping schemes was evaluated as a result of intercomparison with reference algorithms as well as the new better schemes were proposed.   

The algorithm for solar flux estimation in cloudy atmosphere with account for microphysical cloud properties has been developed as well as non-spherical particles influence on solar fluxes at the atmosphere boundary and on the albedo of the Earth-Atmosphere system was estimated in RHMC [Dmitrieva-Arrago et al., 2001].

Scientists of CAO, RSC “Curchatov Institute” IMP and IAO SB RAS carry on developing the methods for calculating the radiation transfer in the atmosphere and perfecting the radiation blocks of climate models [Mitsel et al., 2001; Tarasova and Fomin, 2000; Tvorogov et al., 2000]. A new reduced radiative model for the one-dimensional atmospheric model with the explicit dependence on temperature has been formulated. Based on the model calculations as well as on the comparison with available estimations it was shown that the observed temperature trends in stratosphere and mesosphere observed in last decades mainly had the radiation nature [Rodimova, 2001, Nesmelova et al., 2002]. A new K-distribution technique has been developed, which gives a possibility to increase essentially the accuracy and speed (up to ~ 3 times) of radiation codes for climate models [Fomin, 2003].

On the base of model calculations [Frol’kis, 2002] the possible climatic changes due to changes in gaseous composition is analyzed.
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REMOTE SENSING OF ATMOSPHERE AND UNDERLYING SURFACE

Principal areas of studies: 

1. Passive sounding of the ozonosphere and atmospheric trace gases in visible, IR and microwave spectral ranges;

2. Lidar sounding of the environment;
3. Development and the making of the techniques for radiation studying and remote sensing.
Studies in the frames of the first point are long-term measurements of atmospheric constituents, the analysis of their variability and the elaboration of measurement and interpretation methods. Such studies have been performed by a number of institutes (IAP RAS, SPbSU, LPI RAS, IEM, IRE RAS, MGO, etc.)
During last 33 years systematic spectroscopic measurements of CO, CH4 and H2O have been carried out at Zvenigorod Scientific Station (ZSS) of IAP RAS, at Highland Scientific Station (HSS) (North Caucasia) and in different expeditions, including Arctic and Antarctic [Yurganov et al.; Grechko et al., 2002]. The analysis of total CO and CH4 multiyear (~ 30 years) observations revealed positive linear trend equal to ~ 0.9 and 0.5 %/yr for CO and CH4 respectively. In 2000-2002, intercalibration procedures for CO, CH4 and H2O measurements were performed by IAP RAS, IEM and SpbSU [Kashin et al., 2001]. In 2002, there were made attempts to use a trajectory analysis to assess the influence of natural and anthropogenic sources to the air contamination at Zvenigorod. After a long period measurements of CO, CH4 and H2O in Antarctica (station Novolazarevskaya) were restarted. Since 1990 at ZSS regular the NO2 spectrophotometric measurements of total column content and vertical distribution in the 0-50 km altitude range have been carried out [Elohov and Gruzdev, 2000]. Results of the analysis revealed the NO2 decrease with the rate of 2-3 % per year. 
Regular studies of the СО, СН4 variability in the atmosphere near SPb have been conducted by SPbSU using ground-based measurements by the grating spectrometer with spectral resolution > 0.3 cm-1. Results demonstrate the decrease of СО, СН4 atmospheric content after 1985 [Makarova et al., 2001]. Besides SPbSU in collaboration with German colleagues performed remote measurements of temperature profile and gaseous content of the atmosphere on the basis of interpreting the spectra of downwelling IR radiation measured under cloudless conditions by the Fourier-interferometer OASIS with spectral resolution equal to 0.3-1.0 cm-1 and spectral region 4-18 (m. The special interpretation method involving the retrieval of atmospheric parameters and the correction of parameters of spectra absolute calibration and atmospheric radiation model has been developed and studied. It was shown that the method made possible to retrieve the total content of a number of trace gases (N2O, CH4, CFC-11, CFC-12, CO) and tropospheric ozone content with good accuracy [Virolainen et al., 1999; 2001].

Since January 1996 to December 2002 regular observations of the atmospheric ozone over Moscow were done by means of millimeter-wave (MM) radiometer of LPI RAS at frequencies of the ozone spectral line centered at 142.175 GHz. Profiles of the vertical ozone distribution were retrieved for altitudes from 15 to 75 km, and altitude-temporal ozone distribution was drawn [Solomonov et al., 2001]. LPI investigations of the ozonesphere in frameworks of the international campaigns CRISTA/MAHRSI (1997), SOLVE 2000 (1999-2000) were successfully performed as well. Studies of observed regularities – seasonal changes in stratospheric ozone and its variations with periods from several days to several weeks, diurnal changes in mesospheric ozone and its night-time variations, anomalous effects in the ozonosphere – were performed. The analysis of data made it possible to study the correlation between ozone content and large-scale dynamical processes in stratosphere, typical conditions of appearance the anomalous effects in the ozonosphere and to estimate the long-term negative ozone trend (decrease in ozone) over Moscow. 

For the first time in the world practice, the collocated measurements of ozone emission rotational spectra at MM waves (LPI RAS) and hydroxyl emission spectra in near IR bands (IAP RAS) were measured for the same region of the upper atmosphere. A method of retrieving the vertical ozone distribution at altitudes up to 100 km from its radio emission spectra was developed. Knowledge the atmosphere temperature at altitudes of 80-90 km obtained from spectrophotometry of hydroxyl emission resulted in considerable increase in accuracy of ozone content determination in mesosphere and lower thermosphere. Noticeable variations of night-time ozone concentration in mesosphere (night to night ozone variations are 2-3 times at 55-75 km altitudes) and in lower thermosphere (the ozone content is varied from 1 to 8 ppm at 90 km altitude) were discovered. A special method allowed to getting the data on concentration of ozone, atomic hydrogen and oxygen as well as on temperature and density of atmosphere at mesopause altitudes [Perminov et al., 2002].
Long-term measurements of total Н2О and height-averaged relative СО2 concentration have been performed and analyzed by IEM SPA "Typhoon" at Station Issyk Kul. In Obninsk, Moscow region, specialists of this institute leads also systematic measurements of СН4 concentration near the ground and atmospheric column content and studies of characteristics of landscape for finding the stable identifiers (radiation, spectral, spatial-temporal, actinometric, etc.) to parameterize those at different meteorological conditions. The investigations have been performed by special spectra-radiometric instrument with meteorological tower. 
Regular observations of stratospheric ozone (including the measurements in the frames of the SOLVE program) in N. Novgorod and Apatites have been performed by IAP with heterodyne null-balance microwave spectrometer. Results of simultaneous ozone measurements testifies that despite of large distance between observed points, the ozone is the ensemble connecting with behavior of circumpolar vortex. 
In August(September 2000 and April(May 2001 IRE RAS and MGO took part in studying the field of atmospheric microwave radiation over Baltic during International Project CLIWA-NET and carried out measurements at 13,7; 22,2; 37,5 и 90 ГГц. Algorithms and codes for automatic processing the data of radiometric and radar measurements, for retrieving the atmospheric total water vapor and cloud water content, participation intensity were developed. In August 2001, the complex experiment for calibration of all radiometers involved in CLIWA-NET was performed at Kabay, Netherlands. 
Lidar sounding of environment (and passive sounding as well) has been carried out by specialists of IAO SB RAS at Siberian Lidar Station (Tomsk, 56.50 N, 85.10 E) . These observations cover lidar measurements of O3 vertical distribution, stratospheric temperature and aerosol, spectro-photometric measurements of total ozone content, total and vertical distribution of NO2. The data of lidar measurements are used to study the mechanisms of ozonosphere transformation and dynamics of optical characteristics of stratospheric aerosol layer [Zuev, 2000]. The data of measurements in 1999-2002 obtained under conditions of long-term background stratospheric state have been used for developing the models of vertical ozone and aerosol distribution [El’nikov et al., 2000]. A reconstruction of ozone paleobehavior from dendrochronologic data [Zuev and Bondarenko, 2002]. 

In IAO SB RAS lidar sounding methods are also used for determining the characteristics of water medium [Veretennikov et al., 2001; Kokhanenko et al., 2001]. A theory of laser sounding was developed. This theory made it possible to use the multiple-scattering component of lidar signal as the informative one in solving the inverse problems. Effective algorithms of retrieving the vertical profile of light attenuation index in seawater were developed and verified during experiments for sounding the North Sea and Baikal Lake. 

A serious effort has been made for studying the possibilities of lidar sounding of crystal clouds and determination of different characteristics of their microstructure [Kaul, 2000; Romashov, 2001; Borovoi et al., 2000, 2002, 2002a; Shefer, 2002]. Results of choosing the effective methods of lidar sounding of crystal cloud medium are given by Kaul et all. [2001]. A major part of calculated components of the scattering matrix has been included in special databank for interpreting the polarization sounding of crystal clouds [Romashov et al., 2000]. 
Third line of studies – Development and the making of the techniques for radiation studying and remote sensing – is presented by some institutes.

Specialists of MGO, SOI and IFMO developed and made the experimental model automatically operated Filter Ozone-UV-meter (AFO-UV) destined for providing the ozone and UV monitoring in Russian ozone measurement network. This instrument bases on UV-polychromator with photo-diode array registering the spectral content of UV radiation in 250-430 нм range and complies with WMO standards. 
The compact multi-spectral airborne complex forming simultaneously some digital images in the 0.4-12.5 (m spectral range has been made in ITOES (Sosnovy Bor). 

The Infrared Fourier-transform Spectrometer for atmospheric temperature and humidity sounding (IRTFS-2) on board the “Meteor-M” spacecraft has been designed in the Keldych Centre in collaboration with BMSU and IEME [Golovin et al., 2002]. Planned time of the launch is 2006. The instrument is designed for measuring the spectra of outgoing radiation of the system “atmosphere-underlying surface”. Measurement data will be used for retrieving the temperature and humidity profiles, total ozone content, temperature of the underlying surface and cloudiness characteristics. In addition, measurement data can be used to determine the total content of minor atmospheric gas components: CH4, N2O, etc. The retrieval errors for meteorological parameters are given for cloudless atmospheric conditions.

The project of gas correlation radiometer for spectral region of 2,2-2,3 µm which is designed for monitoring the distributions of methane and carbon monoxide total column amounts in low troposphere by nadir measurements of solar radiation reflected by Earth surface has been worked out by LPI in collaboration with the SPbSU and the “NTO Sfera” Ltd. A model of the single-channel (for methane) instrument was built at LPI. It is shown that the instrument energetic sensitivity with such photo-detector make possible measurements of CH4 total column amount in the atmospheric layer of 0-4 km with accuracy not worse then 10% from background value [Virolainen et al, 2002]. 
А low-noise millimeter-wave spectrometer with broadband acousto-optical spectrum analyzer (AOS) was built at the LPI [Esepkina et al., 2002]. The AOS has been designed at SPbSPU. Performance of the AOS covering total band of 500 MHz with spectral resolution of 0.9 MHz as well as main features of its usage for ground-based measurements of the atmospheric ozone emission in the 142.2 GHz spectral line were investigated. First in Russia ozone measurements with AOS were successfully performed by LPI. 
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SATELLITE MEASUREMENTS

Principal areas of studies: 

1. Development and perfection of methods of analyzing and interpreting the measurement data from recent operative satellites (of hydro-meteorological destination).

2. Development of interpretation methods for data of scientific satellite, preparation to future experiments.

3. Development and refinement of methods for assimilation of satellite data in NWP, climate modeling.

Investigations in the framework of item 1 can be subdivided on the following issues: a) atmospheric temperature and humidity retrievals (ATHR); b) derivation of atmospheric composition (ozone, trace gases); c) identification of clouds and precipitation; d) measurements of the Earth Radiation Budget (ERB); e) atmospheric winds derivation; f) detection and monitoring of severe weather phenomena (SWP).

Atmospheric temperature/humidity soundings. A processing package has been developed to retrieve the temperature and humidity profiles from the ATOVS/NOAA-16,-17 measurements of local area coverage [Solovjev et al., 2002, 2003]. This package is shown to provide the temperature profile retrievals with spatial sampling of 30-40 km and mean RMSE about 1.50C within the 1000-70 hPa layer; it is better than the accuracy of 12h NWP forecasts (about 1.8(C). The retrieval of surface skin temperature (in particular, sea surface temperature – SST) is closely related to the above problem of atmospheric sounding. In [Solovjev et al., 2001] the improved technique is developed for the SST field derivation from 5 geostationary weather satellite data. The comparison of satellite SST estimates with collocated in-situ data over the Atlantics and Indian Ocean gives small systematic biases and RMS errors in the range 1.5-2.0(C.

Derivation of atmospheric composition. One of key issues being considered during reporting period is the analysis and interpetation of satellite estimates for Total Ozone Amount (TOA), based on TOMS measurements. The trends and anomalies in the TOA as well as TOA variations in different geographical zones have been studied in [Chernikov et al., 2002; Smirnov et al., 2000].

Scientists of SPbSU, IAP RAS and MGO have performed the comparison of GOME (ERS-2 satellite) measurement data on total ozone content in 1996-2000 with coordinated Russian ground-based measurements and collocated TOMS data (satellite EarthProbe) [Ionov et al., 2002]. The data of Russian ozonometric network was found to be in a good agreement with TOMS, with systematic bias in comparison with GOME - by 3% on the average. Besides, GOME total NO2 measurements (GDP 2.7) were compared with correlative twilight ground-based observations at 2 locations: Zvenigorod (55.4°N, 36.5°E) in 1996-1998 and Lovozero (68.6°N, 35.0°E) in 2000-2002 [Timofeyev et al., 2000]. The data of GOME considerably differ from ground-based observations.

In the frames of the Project METEOR3-SAGE-III, scientists of CAO lead the studies dedicated to the investigation and the monitoring of atmospheric gaseous and aerosol composition. Atmospheric content is determined by inverting the spectral transmittance functions measured by SAGE-III in 80 spectral channels in the 280-1500 nm range with the maximal resolution of 0.95 nm and the altitude resolution of about 50 m. Methods, algorithms and an software have been developed for calculating the vertical profiles of O3, NO2, aerosol extinction, water vapor from spectral transmittance functions of the atmosphere [Chayanova, 2001; Chayanova and Borisov, 1999].

Identification of clouds and precipitation. The threshold technique for NOAA/AVHRR data automatic classification has been developed [Volkova and Uspensky, 2002] that provides the detection of clouds and the estimation of cloud amount (with accuracy about 75%) as well as delineation of precipitation zones (with accuracy better than 60%) at day time and warm period of year. The new methods to retrieve cloud liquid water over oceans from satellite microwave imager data (SSM/I, DMSP; MTVZA, Meteor 3M N1) has been developed and tested [Zabolotskich et al., 2002]. A new method to detect and to identify clouds from merged NOAA AVHRR and TOVS data has been proposed in [Plokhenko, 1999].

Measurements of the ERB. The measurements of outgoing shortwave radiation and albedo by IKOR radiometer as well as the measurements of solar constant values by ISP instrument (solar constant monitor) from “Meteor-3”N7, Resurs-01 N4 satellites have been analyzed in [Sklyarov et al., 1999, 2000; Sklyarov, 2001]. In MGO new methods of estimating the ERB components from satellite data and are proposed by Pokrovsky and Korolevskaya [2001], and the problem of land surface albedo retrieval from multi-angular remote sensing data has been set and solved on the basis of the POLDER/ADEOS archives [Pokrovsky and Roujean, 2003]. 

Derivation of atmospheric winds. The methods for sea surface wind speed (SSWS) retrieval from passive and active microwave measurements have been developed and tested. In [Bukharov, 1999; Bukharov and Geokhlanyan, 2000] estimates of sea surface wind are derived from Ocean-01 RLSBO (Side Looking Radar) measurements. The detecting of zones with dangerous SSWS over Black Sea is discussed in [Bukharov and Geokhlanyan, 2002]. The neural network-based algorithms for retrieving the parameters of atmosphere and sea surface (including SSWS) from SSM/I data (DMSP satellites) have been developed by [Zabolotskich et al., 2002]. The regression algorithms of SSWS retrieval from SSM/I data are considered in [Nerushev, 2002; Grankov and Mil’shin, 2001]. 
Detection and monitoring of tropical cyclones and severe weather phenomena. The statistical model of the hemispheres’ tropical cyclogenesis based on remote sensing data has been developed in [Pokrovskaya and Sharkov, 1999]. The analysis of the ozone layer disturbances by tropical cyclones has been performed by Nerushev and Tereb [2001]. The using of satellite ERB measurements for the description of anomalous regimes of atmospheric circulation is discussed [Golovko and Kozoderov, 2000]. Method of satellite observation of hazardous winds is discussed by Bukharov and Geokhlanyan [2002].

Investigations in the framework of item 2 were aimed to the development of methods for analysis of data from research and/or operational (future) satellites. The general overview of development perspectives for future Russian weather satellites are given in [Bedritsky et al., 1999; Uspensky et al., 2001; Dyaduchenko et al., 2002]. Several studies are dedicated to the MTVZA/Meteor 3M N2 measurements analysis and processing, see [Uspensky et al., 2001a; Zabolotskikh et al., 2002]. The MTVZA sensor presents the MW scanning radiometer with combined functions of imager (similar to SSM/I, DMSP satellites) and sounder (similar to AMSU, NOAA satellites). The high-resolution outgoing radiance spectra to be measured by advanced IR atmospheric sounder IASI (core payload of METOP satellite) can reveal valuable information about meteorological parameters. The capabilities to provide IASI-based retrievals of trace gases (CH4, N2O, CO) column amounts are investigated in [Uspensky et al., 1999; Romanov et al., 2002]. The method of IASI-based remote sensing of ozone is proposed in [Uspensky et al., 2003]. The capabilities to retrieve surface skin temperature with improved accuracy from IASI data are discussed in [Uspensky et al., 2001c]. The IASI-based cloud detection scheme is considered by Uspensky et al. [2001b].

In SPbSU, the interpretation of satellite experiment with spectrometer “Ozone-Mir” onboard Space Station “Mir” has been completed. It was the first experiment on Sun occultation sounding using multi-spectral instrument in UV-visible-near IR spectral ranges. Simultaneous complex retrieval of ozonosphere parameters (О3, NO2 and spectral coefficient of aerosol extinction profiles, parameters of aerosol size distribution) by optimal estimation method, the use of measurement data in O2 band (at 0.76 m() for the height control were principal features of the interpretation procedure [Polyakov, 1999]. Comparison of retrieved data with independent measurements demonstrated a high quality of the measurements [Poberovskii et al., 1999; Polyakov et al., 1999, 2001]. Polyakov et all. [2001a] have proposed a new method for parameterizing the spectral dependence of aerosol extinction which be used to solve the inverse problem of atmospheric occultation sounding from space. Numerical studies of potential accuracy of retrieving the profiles of O3, NO2 and spectral aerosol extinction were conducted using the SAGE III measurement data [Timofeyev et al., 2003].

The original method of simultaneous retrieval of kinetic temperature, pressure, concentration of atmospheric gases and nonequilibrium populations of the vibrational states of molecules of atmospheric gases from limb infrared radiance measurements under the nonlocal thermodynamic equilibrium conditions has been developed. The method has been applied to the interpretation of measurements by CRISTA-1 instrument in the 15(m CO2 and 9.6(m O3 absorption bands. The influence of the assumption of the validity of LTE on the kinetic temperature retrieval is estimated. Global fields of kinetic temperature, vibrational temperatures of the excited states of CO2 and O3 molecules, pressure, CO2 and O3 abundances in the middle atmosphere have been obtained. The retrieved vibrational temperature profiles have been compared to the results of numerical modeling [Kostsov and Timofeyev, 2001; Kostsov et al., 2001].

Scientists of Nansen International Environmental and Remote Sensing Centre in St. Petersburg have conducted complex investigations of the environment on the basis of data of satellite microwave active and passive sounding. Neuron Network-based retrieval techniques for retrieving the atmospheric parameters [Zabolotskikh et al., 2000], methods for determining characteristics of underlying surface (water quality parameters in natural waters, ice type, forestry composition) have been developed and approved [Pozdnyakov and Lyaskovsky, 1999; Pozdnyakov et al., 2001, 2002]. A number of studies is dedicated to the analysis of global changes in ice cover in the Arctic Basin and the Greenland Ice Sheet [Johannessen et all., 1999; Melentyev et al., 2002]. Interpretation of SMMR and SSM/I data over 20 years (1978-1998) on the Arctic Ocean ice dynamics has yielded a ~7% per decade-reduction in the multi-year ice area. 

Scientists of IAP RAS have studied possibilities of retrieving the turbulence, inner waves and the dissipation rate of a turbulent kinetic energy in stratosphere from satellite star occultation measurements [Gurvich and Brekhovskikh, 2001; Gurvich, 2002; Gurvich et al., 2001; Kan et al., 2001; Dalaudier et al., 2001]. In collaboration with SPbSU, methods of interpreting the star occultation measurements from space have been developed. Possibilities of determining the characteristics of gaseous content have been analyzed [Polyakov et al., 2001b, 2002]. 

The investigations on item 3 included the development of procedures for satellite data assimilation in the NWP schemes. The algorithms of atmospheric sounding data assimilation similar to well-known 3D-Var, 4D-Var approach, have been developed in [Tsyrulnikov et al., 2003]. The problem of satellite data information content with respect to their assimilation in the NWP schemes is discussed in [Pokrovsky, 2001]. The derivation and using of satellite data in various problems of climate modeling are described in [Repinskaya and Babich, 1999; Timofeev and Yurovsky, 2000].
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