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Key topics of the Conference: 
· Nature, Theory and Modelling of Mesoscale Meteorological 
          Processes;
· Role of the Processes in Climate Systems
· Air Pollution
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LEV NIKOLAIEVITCH GUTMAN

(5.03.1923 – 30.09.2001)

                      Doctor of Science (Physics and Mathematics), Professor
L.N. Gutman was born in Moscow in 1923. In 1931 he went to and in 1941 finished the secondary school № 620 in Moscow.  The same year he became a first-year student of the faculty of Mechanics and Mathematics of Moscow State University (MGU) and was evacuated together with the University to Ashkhabad. In 1942 Gutman passed the first-year exams at MGU and applied for transfer to the second year of study at the Meteorological Faculty of the Hydrometeorological Institute which at that time was also temporarily located in Ashkhabad. 
In 1944, being a fourth-year student, Gutman was sent to take a term of practical training to the Central Institute of Prognoses, where he remained for regular work at the Department of Dynamic Meteorology. It is at that period that the fruitful scientific activity of L.N. Gutman began. L.N. Gutman’s coming-to-be as a scientist was to a great extent influenced by his scientific advisor, the Corresponding Member of the Academy of Academy of Sciences of USSR, I.A. Kibel. On the initiative of I.A. Kibel the beginner researcher addressed the problems of yet poorly developed section of Meteorology - Mesometeorology. Thus the frame of aspects of Mesometeorology, which L.N. Gutman worked on, steadily broadened. 

The first works by L.N. Gutman addressed the nonlinear theory of local winds. For first time ever these works made it possible to account for certain features of meteorological processes in breezes and mountain-valley winds. Thus the very first of his researches resulted in interesting original results and showed surprising ability of Leo Gutman to find the analytical solutions to intricate nonlinear problems and L.N. Gutman could be considered one of the founders of theory for these phenomena.

The works by L.N. Gutman on distribution of temperature in the surface air, in the snow and soil allowed devising an operative method for computation of temperature in soil by air temperature data, which was an important practical problem.

 
The following cycle of L.N.Gutman’s works was devoted to research into the mechanism of resolution of the atmosphere’s vertical instability. He achieved striking results related to the theory of cumuli cloudiness and the theory of tornadoes. These researches provided a basis for his defending a doctoral thesis in Physics and Mathematics in 1956. 

From 1959 till 1963 L.N.Gutman worked in Nalchik, first as a Senior Reseacher at the Elbrus expedition of the Institute of Applied Geophysics of the Academy of Sciences of the USSR, then, following the reorganization of the expedition into High-Mountain Geophysical Institute of the Academy of Sciences of the USSR, he took up the post as the Head of the Laboratory of Mountain Meteorology. Within the period upon the defence of the doctoral thesis, L.N.Gutman conducted a series of researches into the nonlinear theory of spatial relief flowlines, katabatic winds in Antarctica and the theory of some large-scale meteorological processes (fronts, tropical cyclones). 

It is also here that he worked as a part-time professor of the Department of Theoretical and Experimental Physics at Kabardino-Balkar State University where since 1962  L.N. Gutman held professorship. 
In 1963 L.N.Gutman was invited to work at the Department of Dynamic Meteorology of the Computing Center of the Siberian Branch of the Academy of Sciences of the USSR. In a brief space of time he succeeded to establish a creative, active and efficient collective of young scientists some of whom arrived together with L.N.Gutman from Nalchik. Thus a full degree of the organizational and professional qualities of L.N.Gutman as an attentive teacher and a tutor of the scientific youth were drawn forth. In the laboratory headed by Leo Gutman considerable results on the basic issues of Mesometeorology, which underlaid the publishing of 1969 ‘Introduction to the Nonlinear Theory of Mesometeorological Processes’ monograph, being a reference book for many specialists in Dynamic Meteorology, were successfully achieved. 

In the early 1970s L.N. Gutman, together with the followers, began to develop the theory of iterrelated diurnal fluctuations, with K-theory of turbulence and equations of turbulent kinetic energy balance applied, and develops the theory of Mesometeorological boundary layer above thermally and orographically by a heterogeneous underlying surface, this time with the predominant use numerical simulation method. Thus in this period Leo Gutman made considerable contribution to finding solutions to the aspects of  local weather forecasting and parametrisation of mesoscale phenomena for short-term weather forecasting.

L.N. Gutman also had some works on the theory of thermal conductivity, hydrodynamics, theory of elasticity and theoretical radio engineering published.

Holding two jobs, L.N. Gutman worked as a part-time Professor of the Department of Higher Mathematics (1963 - 1967), Professor of the Department 

of Physics of the Atmosphere (1968 - 1969), Professor of the Department of Mathematical Computation in Dynamic Meteorology (1969 - 1971) at Novosibirsk State University (NGU). He delivered lectures on the course of «Physics» and specialised course «Dynamic Meteorology». L.N. Gutman managed the seminar of «Equations of Mathematical Physics».

The multifarious scientific activity of L.N. Gutman is actualized in more than 80 published works. Under his guidance more than twenty dissertations were defended. Some of his students became noted scientists.

The later years of L.N. Gutman’s life were spent in Israel where he was a Professor at the University of Tel Aviv and, later, at the Institute for Desert Research of Ben Gurion University in Beer Sheva. His works got wide international approval and he presented his reports and delivered lectures in many large scientific meteorological centers and at conferences on all (with the exception of Antarctica) the continents.
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Abstracts of the Submitted Reports
SECTION 1:  Nature, Theory and Modelling of Mesoscale Meteorological Processes

SECTION 1A   Aspects of Modeling the Processes 

of the Atmospheric Boundary Layer
MIXING LENGTH-SCALE FOR INCLINED STABLE BOUNDARY LAYERS 
Branko Grisogono*, Danijel Belušić* and Leif Enger#
*AMGI, Department of Geophysics, Faculty of Science, Univ. of Zagreb, Zagreb, Croatia
#Enger AB Konsult, Uppsala, Sweden

e-mail: bgrisog@gfz.hr

It has been recognized for quite some time that current numerical mesoscale models often represent stable atmospheric boundary layers (SABL) poorly in terms of the SABL depth, near-surface inversion characteristics, low-level wind profiles and overall mixing properties. Since the SABL structures are far from being fully understood today, their parameterizations or explicit treatment are still usually very sketchy in most mesoscale and climate models.  Typically an over-diffusion through the SABL occurs in most of numerical models. The mixing length-scale within the SABL, i.e. in the „z-less“ regime, as often parameterized in mesoscale models with higher-order closure turbulence schemes, is addressed. We intend to improve this length-scale by including shear effects explicitly. With the “z-less” mixing length-scale proposed here the over-diffusion is absent but sharp gradients still exist.  Moreover, the mesoscale MIUU model used gave results similar to those from an improved Prandtl model (also addressed by L. Gutman), i.e. katabatic flow occupying the lower and more active part of the SABL developed in both models.  The corresponding low-level jet that is imbedded in the strong near-surface inversion appears similar in both models.  Certain details vary simply because of very different nature of the models deployed.  The results could be used in different types of numerical modelling, parameterizations of the SABL, further development of analytical models and data interpretation.

TURBULENCE ENERGETICS IN THE STABLY STRATIFIED GEOPHYSICAL FLOWS AND THE PROBLEM OF CRITICAL RICHARDSON NUMBER
S. S. Zilitinkevich1,2, T. Elperin3, N. Kleeorin3, I. Rogachevskii3, I. Esau2, 
T. Mauritsen4, and M. W. Miles5
1 University of Helsinki / Finnish Meteorological Institute, Finland, 
e-mail: Sergej.Zilitinkevich@fmi.fi
2 Nansen Environmental and Remote Sensing Centre / Bjerknes Centre for Climate Research, Bergen, Norway

3 The Pearlstone Centre for Aeronautical Engineering Studies, Department of Mechanical Engineering, Ben-Gurion University of the Negev, Beer-Sheva, Israel

4 Department of Meteorology, Stockholm University, Sweden

5 Environmental System Analysis Research Center, Boulder, USA
Traditionally, turbulence energetics is characterised by turbulent kinetic energy (TKE) and modelled using solely the TKE budget equation. In stable stratification, TKE is generated by the velocity shear and expended through viscous dissipation and work against buoyancy forces. The effect of stratification is characterised by the ratio of the buoyancy gradient to squared shear, called Richardson number, Ri. It is widely believed that at Ri exceeding a critical value, Ric, local shear cannot maintain turbulence, and the flow becomes laminar. 

We revise this concept by extending the energy analysis to turbulent potential and total energies (TPE and TTE = TKE + TPE), consider their budget equations, and conclude that TTE is a conservative parameter maintained by shear in any stratification. Hence there is no “energetics Ric“, in contrast to the hydrodynamic-instability threshold, Ric-instability, whose typical values vary from 0.25 to 1. 

We demonstrate that this interval, 0.25<Ri<1, separates two different turbulent regimes: strong mixing and weak mixing rather than the turbulent and the laminar regimes, as the classical concept states. This explains persistent occurrence of turbulence in the free atmosphere and deep ocean at Ri>>1, clarify principal difference between turbulent boundary layers and free flows, and provide basis for improving operational turbulence closure models.

Key references

Canuto VM, Cheng Y, Howard AM, Esau IN. 2008. Stably stratified flows: a model with no Ri(cr) J. Atmos. Sci.  In press.

Mauritsen T, Svensson G. 2007. Observations of stably stratified shear-driven atmospheric turbulence at low and high Richardson numbers. J. Atmos. Sci. 64: 645–655.

Mauritsen T, Svensson G, Zilitinkevich SS, Esau I, Enger L, Grisogono B. 2007. A total turbulent energy closure model for neutrally and stably stratified atmospheric boundary layers, J. Atmos. Sci. 64, 4117–4130. 

Zilitinkevich SS, Elperin T, Kleeorin N, Rogachevskii I. 2007. Energy- and flux budget (EFB) turbulence closure model for stably stratified flows. Part I: Steady-state, homogeneous regimes. Boundary-Layer Meteorol. 125, 167–192.
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	Figure 1. The ratio between potential and total turbulent energies, 
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	Figure 2. Normalised turbulent fluxes of momentum and heat, 
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	Figure 3. Turbulent Prandtl number PrT =
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INTERNAL GRAVITY WAVES IN THE TURBULENCE CLOSURE PROBLEM FOR THE STABLY STRATIFIED SHEARED FLOWS
S. S. Zilitinkevich1,2,3, T. Elperin4, N. Kleeorin4, 
V. L'vov5, I. Rogachevskii4 

1Division of Atmospheric Sciences, University of Helsinki, Finland

2Finnish Meteorological Institute, Helsinki, Finland
3Nansen Environmental and Remote Sensing Centre / Bjerknes Centre for Climate Research, Bergen, Norway

4Department of Mechanical Engineering, Ben-Gurion University of the Negev, 
Beer-Sheva, Israel; 
e-mail: nat@bgu.ac.il ; 

5Department of Chemical Physics, Weizmann Institute of Science, Israel

We extend an energy- and flux-budget (EFB) turbulence closure model [1] for the stably stratified atmospheric flows accounting for an additional vertical flux of momentum and additional productions of turbulent kinetic energy (TKE), turbulent potential energy (TPE) and turbulent flux of potential temperature due to large-scale internal gravity waves (IGW). For the stationary, homogeneous regime the prior EFB model disregarding large-scale IGW [1] yielded universal dependencies of the flux Richardson number, turbulent Prandtl number, anisotropy of turbulence, and normalised vertical fluxes of momentum and heat on the gradient Richardson number, Ri. Accounting for large-scale IGW, these dependencies lose their universality. With increasing wave energy, the maximal value of the flux Richardson number (approached at very large Ri) decreases. In contrast to the mean wind shear that generates only the horizontal TKE, IGW generate both horizontal and vertical TKE, which leads to a more isotropic turbulence at very large Ri. IGW increase the share of TPE in the turbulent total energy (TTE = TKE + TPE). An important effect of IGW is their direct contribution to the vertical transport of momentum. Depending on the direction (downward or upward), it either strengthens of weakens the total flux. Predictions from this model are consistent with available data from atmospheric and laboratory experiments, direct numerical simulation and large-eddy simulation. 
References
[1]. Zilitinkevich, S., Elperin, T., Kleeorin, N., Rogachevskii, I., Energy- and Flux-Budget (EFB) Turbulence Closure Model for Stably Stratified Flows. Part I: Steady-state, homogeneous regimes. Boundary-Layer Meteorol. 125, 167-192 (2007).

CORRELATION BETWEEN 

PARAMETERS OF BOUNDARY LAYER AND MIXING LAYER

Yu. S. Balin, B.D. Belan, P.V. Raievskiy 

Institute of Atmospheric Optics, Siberian Branch of Russian Academy of Sciences, Tomsk

e-mail:bbd@iao.ru

The term ‘mixing layer’ was introduced by Holzworth in 1964. ‘Mixing layer’ means a layer, in which temperature lapse rate approaches or exceeds dry adiabatic lapse rate. In the course of development of works on air basin ecology the mixing layer turned to be identified with the height to which pollutants emitted near the ground distribute. 

The fact that mixing layer extends from the ground to the height commeasurable with the boundary layer of the atmosphere created prerequisites for unfounded identification of the mixing layer and the boundary layer. 

Using an aerosol as a tracer of atmospheric flows made it possible to conduct a research into mixing layer dynamics. It was proved in particular that it is possible to single out the internal mixing layer almost round the year and that its nature is conditioned by diurnal course of meteorological parameters. Internal mixing height is quasiconstant during a year and is close to 0.5 km. It varies insignificantly (200–300 m) within a day. Presence of this layer proves important for main mixing layer dynamics, as the internal determines entry of pollutants, including the aerosol, in the main layer.

The data derived in [2] allowed formulation of two different extreme cases. The first case: if internal mixing layer is filled with aerosols, entry of this component in the main mixing layer and its height tends to the height of the atmospheric boundary layer. This item is under consideration in this work. The second case: under winter conditions (thick surface inversion, low turbulence) main mixing height tends to or is equal to internal mixing height. These results were obtained in [2].

In this work analysis of the first case is made on the basis of data on the mixing layer derived in [2] and aerological data by which atmospheric parameters of the boundary layer are determined with the use of methods set forth in [3].

The figure shows, that in the mean perennial profile the mixing layer height is several hundred meters lower than the atmospheric boundary layer. 
This is conditioned by the atmospheric boundary layer not always being filled with aerosols. Such situation may occur after frontal passages, which purify the atmosphere, following air–mass precipitation etc. As a result, the mixing layer does not coincide in height with the atmospheric boundary layer.
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USE OF ONE-DIMENSIONAL MODELS OF BOUNDARY LAYER FOR ESTIMATION OF SEASONAL AND SYNOPTIC VARIABILITES OF HYDROLOGICAL AND METEOROLOGICAL VALUES IN THE REGION OF ‘C’ OCEAN STATION 

A.L. Kazakov, E.V. Ivanova 
Odessa State Environmental University

e-mail: geophys@ogmi.farlep.odessa.ua

In spite of a dominating preference for use of three-dimensional models nowadays, the one-dimensional models are still of no small account. Firstly, a great number of subgrid parameterizations, which are used in the three-dimensional models are as a matter of fact solutions for one-dimensional problems. Parametrization of cloudiness, radiation, atmospherical water transformation can be attributed to the latter. Secondly, parameterization of,  for instance, atmospherical boundary layer in the three-dimensional models are made against a spatial grid of sufficiently low resolution, which entails elimination of many physical processes. Thirdly, use of any kind of parameterization requires its detailed testing (verification) on the basis of factual data, which the three-dimensional models cannot provide  so far as they use the data of objective analyses. Thereby a one-dimensional model of ocean-atmosphere boundary layer interaction was tested by us, where the baroclinic effects, atmospherical water transformation, radiation processes, turbulence, surface waves were taken account of. 
Importance of cloud characteristic reproduction, which, as it is known, poses the main problem for modeling of the atmospheric boundary layer processes, was shown. The whole point is that the radiation balance at ocean-atmosphere boundary, which is essentially responsible for the amount of heat running deep down the water, depends on the successfulness of cloud amount parameterization. Water, being the source of heat and humidity, influences the structure of the superincumbent air. 

A comparison with the factual data was made on the basis of factual material, which was received from the “C” ocean station. Spacio-temporal sections of the calculated and factual meteorological and hydrological fields, statistical estimations for reproduction accuracy of the latter, expressed in correlation and difference coefficients
 and frequency curves are shown. 

SECTION 1B   Numerical Study of Mesoscale Processes in the Atmosphere
WHAT CAN WE LEARN FROM MESOSCALE MODELS 
ABOUT NON-TURBULENT MOTIONS IN THE BOUNDARY LAYER?
Danijel Belušić

Department of Geophysics, Faculty of Science, University of Zagreb Croatia

e-mail: dbelusic@irb.hr   
Turbulence theory in the boundary layer usually assumes homogeneous stationary conditions. However, boundary layers are frequently heterogeneous and nonstationary due to non-turbulent motions. Apart from certain well-defined cases, the majority of this sub-mesoscale variability is still unexplained.  Previous studies have indicated that mesoscale numerical models cannot reproduce small-scale non-turbulent motions in the boundary layer, and this was seemingly so regardless of the model resolution. The absence of these motions in models can underestimate shear-generation of turbulence, while the dispersion models may not work well with these motions omitted. 

Recent results using the WRF-ARW model show that the models may be able to reproduce these motions, but only when the model numerical horizontal diffusion is reduced. Even more so, it is shown that the diffusion prevents propagation of spatial modes in the model domain and hence significantly lowers the temporal variability. It is first discussed here how realistic these results are, and afterwards the potential mechanisms generating these motions are examined.

MESOSCALE CIRCULATION OF AIR

INSIDE THE DEPRESSION OF LAKE BAIKAL

B.D. Belan, G.A.Ivlev  
Institute of Atmospheric Optics, Siberian Branch of Russian Academy of Sciences, Tomsk

1 Akademicheskiy Avenue, Tomsk, 634055, Russian Federation

e-mail: bbd@iao.ru
The report is devoted to atmospheric circulation in the depression of Lake Baikal. For the first time it was discovered during sounding of the Baikal region with the help of Aircraft Laboratory AN–30 ‘Optic-E’ in 1991 [1]. Stable air circulation was revealed inside mountain depression bordering Lake Baikal at the height of 400–900 m above the water edge with the windspeed of 7–15 m/s in the air circulation southwards, along the west coast, and northwards, along the east coast of Lake Baikal [2]. This phenomenon doesn’t fit in with the local flows known in Lake Baikal thenadays. However, this phenomenon was observed over Lake Baikal once more in 1996 by the instrumentality of Aircraft Laboratory AN–30 ‘Optic-E’ [6] . 

Generalized results of investigation of air circulation inside the depression of Lake Baikal are presented in the report. Analysis of spatio–temporal parameter of circulation is made on the basis of data obtained from aircraft and surface expeditions. A scheme of cross wind speeds in cells of western and eastern circulation branches is given. This scheme is obtained on the basis of data form pilot-balloon sounding on Boyarsk and Bolshie Koty sites.

Dependence of origin and retainment of intradepressional air circulation in the atmospheric boundary layer of Lake Baikal on synoptic conditions and time of day is presented. A hypothesis of thermobaric cause for generation of the circulation over Lake Baikal is put forward.
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A NUMERICAL MODEL OF HUMIDITY PROCESSES 
AND THE ARTIFICIAL INFLUENCE ON FOGS
Giorgi Geladze 

The Institute of Applied Mathematics of Tbilisi State University, 
e-mail: givi-geladze@rambler.ru
The two-dimensional ( x-z plane ) nonstationary problem of fog- and cloud formation in a mesoscale boundary layer of the atmosphere was set and solved numerically. Cases of  local circulation emergence at constant and periodical heating of a thermal island are considered. Influence of separate characteristic parameters ( relative humidity, stratification and  background temperature of the atmosphere and a geostrophic wind ) on humidity processes was investigated. Properties of formation and development of such interesting phenomena as simultaneous existence of a fog and a stratiform cloud at periodical heating of a thermal island and interconversion of the fog and the low clouds are under investigation.

Artificial impact of surface heat sources ( a meteotron ) and downward air streams on a radiation fog on the basis of a numerical model which had been suggested by us was simulated. Influence of a heat source temperature ( t* ) and a downward stream velocity ( w* ) on the liquid-water mixing ratio, height and longevity of a fog was investigated; the threshold values of  ( t* )  and ( w* ) under which a fog dissipates completely was found out. Artificial impact at various characteristic regimes was carried out and the most optimum ones were revealed.
HYDRODYNAMIC MODELS OF THE ATMOSPHERIC 
AND OCEANIC FRONTS FORMATION

Maxim V. Kalashnik

SI SPA “Typhoon”, Obninsk, Kaluga Region, Russia.

e-mail: ingeli@obninsk.ru

There is presented a review of various mechanisms of the atmospheric and oceanic front's formation and related hydrodynamic models. The main attention is paid to description of two basic mechanisms of frontogenesis – the deformation mechanism, implied to the sharpening of the initial temperature gradients by the large-scale deformational fields of velocity (Hoskins, Bretherton, 1972), and the mechanism of a nonlinear geostrophic adjustment (Ou, 1984; Wu, Blumen, 1995; Blumen, 2000; Kalashnik, 1997, 2002). In the first part, there is presented a theoretical analysis of the system of equations for the deformation theory proposed by Hoskins and Bretherton. It has been shown that the presence of a large number of the Lagrange laws of conservation allows reducing that theory to the system of diagnostic equations. By using the methods of the theory of functions of complex variables, for the first time is constructed a class of explicit analytical solutions describing a process of frontogenesis in the hyperbolic deformation field. There is derived an expression for the characteristic time of front's formation; there is carried out a compare with empirical data on the cold atmospheric front's structure. 


In the second part, there is explored a process of front's formation from the smooth unbalanced initial data with null and homogeneously distributed potential vorticity. There is presented a set of the explicit solutions for corresponding problem of the nonlinear geostrophic adjustment. It has been shown that the break surface structure in the final geostrophic states has a universal character, i.e. does not depend on details of the initial distributions. To describe the nonstationary wave processes of adjustment, there is proposed a simplified analytical model based on the dynamic equations in the Lagrange variables. The main result consists in fact that the break formation process has a pronounced wave character with alternation of phase's smoothness and many-valuedness. On small times, these phases are repeated with inertial period, i.e. the nonstationary pulsatory front arises. The results obtained are applied to the dynamics of shelf fronts in the ocean and to the atmospheric coastal fronts.

This work was supported by ISTC (grant G-1217).
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MEZOSCALE MODEL SIMULATION OF LOCAL CLIMATE 
OVER MARION ISLAND
C J D W Rautenbach1 and  G D  Djolov2
1,2 University of Pretoria, South Africa
Department of Geography, Geoinformatics and Meteorology

e-mail: hannes.rautenbach , djolov@promeetse.co.za
Marion island, at the remote Southern Oceanic location of longitude 41 degrees east and latitude 45 degrees south, is an environmentally valuable possession of South Africa. Human activities on the island are primarily focused on conservation and research. The research on Marion Island has contributed significantly to obtain more accurate land surface data such as topography, soil and vegetation type, snow-ice coverage, which have in turn augmented the plant and animal studies. The same can not be said for climate, principally because the weather on the island is highly variable , which limit collection of weather data on a fine time-space resolution. A current concern is that the clear regional signal of climate change over the past 40 years, which certainly has an effect on plant and animal life, is not known for different climatic zones on Marion island, which are yet to be determined.

Recent advances in mezoscale atmospheric modelling and super computer capacity, allow  local features of weather and climate to be better resolved. The Department of Geography, Geoinformatics and Meteorology, University of Pretoria has customized and is continuously upgrading the Conformal Cubic Atmospheric Model (C-CAM) which was originally developed by the Marine and Atmospheric Research Group at the CSIRO in Australia. C_CAM employs a cubic conformal global grid that is “shrunk” to a finer horizontal spatial scale of 500 m over the area of study. In total Marion island is covered by 24 x 24 grid points. NCER (National Centre for Environmental Protection, USA) reanalysis  data are used as boundary conditions input for all C-CAM simulations the initial horizontal resolution being 15 km, which is downscaled to generate 500 m horizontal resolution. 

First simulations with C-CAM reveal important peculiarities in the local weather and climate. The wind approaching the island from north-east is disturbed by the topography and form south-westward propagating gravity wave. Strong winds over the Marion’s mountains create complex local weather features an wave pattern in the atmosphere. The final aim of the research is to produce modeled climate over the island regions and catalyze improvement of the daily weather forecast for use in research and logistic planning.

NUMERICAL SIMULATION OF THE DANGEROUS EVENTS
IN THE STEPPE PART OF UKRAINE
A. Pirnach, S. Dudar, V. Shpyg
Ukrainian Hydrometeorological Research Institute, Kiev, Ukraine

e-mail: hanna@uhmi.org.ua 

Numerical simulation of atmospheric phenomena connected with atmospheric fronts and their cloud systems that caused the damages in frame aircrafts, agriculture, transport etc have been fulfilled for several synoptic situations observed in steppe part of Ukraine.

The three-dimension diagnostic and prognostic models of frontal cloud systems with non-elastic dynamics and detailed microphysics modified by orography have been used for modeling. 

Conditions of formation of high convective cells, supercells, long lasting precipitation and heavy rainfalls, horizontal and vertical rotor cells have been objected for investigation. Theoretical interpretation of atmospheric state by nowcasting numerical models and cloud evolution modeling by forecasting models were conducted and inner structure of modelled cloud at different stages of their development were investigated.
There are proposed the research methodology based on numerical integration of system of dynamic and thermodynamic full equation jointly with kinetic equations for cloud particles distribution functions and by investigation of rotor structure of mesoscale phenomena by calculation and analysis of vertical component of vorticity and several component of the rotor equation. 

Cases of strong showers (July of 1969), spouts (March of 2004) and high convective cell caused aircrafts accident (August of 2006) will be presented in detail.

Conditions of formation and development of cloudiness, precipitation, convective cells, rotor cells were estimated for flat and complex terrain. Investigations of feature of vortical movement in cumulus clouds and nearest environment were basically investigated. With the help of the vortex formation theory in the Cb based on application the vorticity equation investigates the factors causing the strong whirl movements of the vertical and horizontal development. Strong rotation follows deep convective clouds. Velocity and direction of rotation are determined by stage their development. 

Numerical simulation of deep convective clouds and heavy precipitation showed that the constant sources for formation deep convective clouds exist at the separate synoptic conditions on separate areas of complex relief. 

Close regions of high gradient of pressure, temperature and other meteorological parameters are sources of formation and development of deep convective clouds and heavy precipitation in mountains as over flat relief.

NUMERICAL INVESTIGATION OF MESO-SCALE FEATURES ACCOMPANYING THE DANGEROUS EVENTS IN CRIMEA 
A. Pirnach, V. Shpyg
Ukrainian Hydrometeorological Research Institute, Kiev, Ukraine

e-mail: hanna@uhmi.org.ua
A recent work continued many years of theoretical investigation of the dynamic and microphysics of cloud and precipitation on the mesoscale of atmospheric fronts fulfilled in UHRI and other scientist communities. Numerical models of the frontal cloud systems passing over Crimea have been used for theoretical interpretation of the field measurements in cumulus clouds that were carried out on the Hail Suppression Proving Ground in the eastern Crimea.

Three-dimensional nowcasting and forecasting numerical models have been used. Features of the vortex movement in cumulus clouds and their nearest environment were basically investigated. The prognostic models were used in recent runs for founding of key parameters and processes leading to formation deep convective cell, and supercell, and heavy rainfall events, and damaging event observed in Crimea. Cases with a severe storm on July 22, 2002 and a supercell on September 27, 2002 will be presented in detail.

Experiment on September 27, 2002 was selected for numerical investigation of the convective supercell with deep about 15 km that have place during field experiments. Theoretical interpretation of atmospheric state by nowcasting numerical models and cloud evolution modelling by forecasting models were conducted and inter structure of modelled clouds were investigated. The analysis of synoptic and thermodynamic conditions together with the description of storm features and its fatal events is made for July 22. The possible reasons of formation such interesting and dangerous atmospheric phenomenon as a convective severe storm is considered.

Features of the vortex movement in cumulus clouds and their nearest environment were basically investigated. A process of spout formation has been investigated by means of analyses of the vorticity and components its equation. Cyclonic and anticyclonic whirls that developed in investigated spout-dangerous region were modeled for different frontal cumulonimbus.
On the parameterization of conventional 
and non-local processes

E. Syrakov 

Department of Meteorology and Geophysics, Faculty of Physics, 
University of Sofia, Bulgaria, 
e-mail: esyrakov@phys.uni-sofia.bg 


The aim of the present work is parameterization of the influence of number of conventional (stratification, roughness, baroclinicity, terrain slope) and non-local (at long-lived stable/neutral PBL, caused by free-flow stability and capping inversion) factors over main atmosphere-land interaction processes.

 It is developed a combined Rb–RL parameterization method based on the joint and coordinated use of the components: bulk-Richardson surface layer number method, PBL resistance and heat transfer laws and corresponding 
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 universal functions.


As input it is used external aerologic-synoptic or surface parameters (from standard observations).


On this basis it is realized practically orientated flux calculation techniques, it is determined fluxes and other basic relationships between a series of main BL, PBL, PBL-free atmosphere turbulent and stability parameters for unstable and three regimes for stable PBL: traditional nocturnal, long-lived and weak intermittent “no Ri critical” turbulence (see Zilitinkevich and Esau (2007)).


The method can be used at great number of problems of parameterization of dynamic and diffusion processes in the atmosphere. 

EXPERIMENTAL AND NUMERICAL STUDY OF FLUID FLOW 
IN RECTANGULAR CAVITY, 
GENERATED BY NON UNIFORM BOTTOM HEATING
Andrey Teimurazov1, Ilya Kolesnichenko, Vladimir Batalov2, 
Andrey Sukhanovsky2 and Peter Frick2 

1Perm State Technical University, Russia, 
e-mail: teimurazov@mail.ru
2Institute of Continuous Media Mechanics, Perm, Russia
The nature of formation of large-scale vortical structures in atmosphere, such as tropical cyclones is of great interest. The generation and development of a tropical cyclone strongly depends on heat and mass transfer between atmosphere and ocean. Field observations showed existence of convective rolls in lower part of tropical cyclone. These rolls are formed near the surface of the ocean, and may strongly influence on heat and mass transfer between atmosphere and the ocean. The main atmospheric boundary layer (up to 3 km) is unstable to formation of the convective rolls. The goal of the work is to study experimentally and numerically the formation and development of horizontal convective rolls directed to the main flow. The generation of convective rolls in the boundary layer is possible when the cold air flows through the region with warm surface. In this work we are studying the model of this process. The experiments were carried out in a rectangular cell. The two heat exchangers were placed on the bottom of the cell, and the temperature has high gradient drop near the boundary between the exchangers. The advective flow was generated as a result of horizontal temperature gradient. This flow may be unstable for some process parameters. The scheme of the model is presented in Fig. 1, where 1 –  rectangular cell (200х30х100
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),  2 – «hot» heat exchanger, 3 – «cold» heat exchanger, 4 – main advective flow, 5 – secondary convection rolls.
Velocity and vorticity fields have been studied by PIV system (Particle Image Velocimetry), example vorticity field in vertical cross-section is shown in Fig.1. The mathematical model, which was developed for the investigation of these processes, is based on the equations of hydrodynamics in Boussinesq approximation. The structure of convective rolls were studied for different temperature differences and height of the layer. Experimental and numerical results are in a good agreement.

Financial support from RFBR under grant №06-01-00234.
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Fig. 1. The scheme of the model (left panel), vorticity field in vertical cross-section ZY, х=15,5 cm (right panel).

NUMERICAL SIMULATION OF LOCAL ATMOSPHERIC PROCESSES
IN PROBLEMS OF ECOLOGY

A.A. Lezhenin *, V.M. Mal'bakhov *, V.A. Shlychkov **

* Institute of Computational Mathematics and Mathematical Geophysics SB RAS,

Novosibirsk, Russia. 
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** Institute for Water and Environmental Problems SB RAS Novosibirsk, Russia.
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The report is devoted to studying the processes of transfer and diffusion of aerosols, formed as a result of emissions due to industrial enterprises and forest fires. Meteorological conditions under which pollutants accumulate in the atmospheric boundary layer (ABL) are considered. To describe the motion of air over a thermally non-uniform terrain with complex orography two types of hydrodynamical models are used. In the first type the calculation domain is limited by a free surface to be determined in solution of the problem. A similar approach has been suggested by L.N.Gutman in a two-dimensional statement. In this paper a one-layer model and a multi-layer model with fine grids are considered. In conditions of convective instability a large eddy simulation model is used as model of the second type.. The cycle of phase transitions of moisture includes all states of aggregation of water and 13 processes of moisture transformation. The numerical models allow one to consider the effects of small-scale non-uniformity of the terrain. In particular, a direct description of airflow above urban objects is used. Results of simulation of the thermo-hydrodynamical processes in the ABL and the transfer and diffusion pollutants for the cities of Novosibirsk, Krasnoyarsk, Norilsk and Tomsk are presented.
MESOSCALE DYNAMICS 
OF THE ATMOSPHERIC BOUNDARY LAYER:
MODELING AND PARAMETERIZATION IN CLIMATE MODELS
Vasily  Lykosov

Institute for Numerical Mathematics, Russian Academy of Sciences, Moscow, Russia

e-mail:  lykossov@inm.ras.ru
It is well known that during long history of Numerical Weather Prediction the model resolution was one of the major concerns to improve the accuracy of weather forecasting. Non-hydrostatic high-resolution models, which resolve mesoscale circulations, are now widely used in regional operative practice. On the other hand, the horizontal resolution in most climate models participating in the IPCC’s 4-th assessment report is about 200 km. However, it is widely recognized that the typical grid size of global climate models will cover the 20 – 200 km mesoscale for the near future. The underlying surface heterogeneity can induce subgrid microscale and mesoscale circulations, which may influence the atmospheric boundary layer structure, cloud formation, the air – surface exchange and the high-frequency eddy activity (in particular, due to polar meso-cyclones). It means that the quantification and parameterization of surface heterogeneity effects on these scales should be considered as an important issue for climate modeling.  

In the report, the dynamical impact of underlying surface heterogeneity on mass and energy transport in the atmosphere is discussed and the present-day approaches to parameterize mesoscale fluxes are reviewed. A special attention is paid to interaction of the atmosphere with the hydrologically inhomogeneous land surface, e.g. in permafrost regions. There are several regions in the world, including Siberia, where the presence of dense net of hydrological objects (hydrological heterogeneity of the surface) should essentially affect atmospheric circulations. In particular, it is especially important due to the fact that the permafrost degradation under global warming may lead to addition production of the atmospheric greenhouse gases, e.g. methane. 
ON THE PARAMETERIZATION OF OROGRAPHIC–THERMAL AND BAROCLINIC PBL EFFECTS WITH SOME APPLICATION IN SYNOPTIC AND CLIMATIC ASPECTS

E. Syrakov , M. Tsankov

Department of Meteorology and Geophysics, Faculty of Physics, 
University of Sofia, Bulgaria, 
e-mail: esyrakov@phys.uni-sofia.bg 

The results from numerical weather and climate models show that most significant and systematic errors are often generated over regions with orographic and thermal horizontal nonhomogeneities. Over these regions complicated joint effects of orog¬raphy 
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, surface friction and baroclinicity are realized. From general hydrodynamic considerations follow that in this case, the basic turbulent characteristics like vertical velocity 
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 on the top of PBL, depend significantly on the form of the horizontal nonhomogeneities. For taking into account these effects, in arbitrary point in its vicinity, it is developed in Taylor's series
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, which leads to a new group of parameters, connected with the first and second derivatives (e.g. the laplacians), characterizing the form of 
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. On the basis of the dynamic and continuous equations, it is obtained the expression 
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, where the first two terms are traditional for horizontally homogeneous case and 
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is correction accounting the effects connected with the form of the horizontal.homogeneities. It is given two concrete applications of the introduced above parameterization:


 –  It is obtained expression for the surface trajectories of the baric forms considering the 
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-forcing and on the basis of real data it is estimated and systemized the significant influence of the introduced above effects.


–  Using the 
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-forcing it is studied the baroclinic instability in the atmosphere on the basis of multiple levels model of type of Philips. It is studied the criteria for occurrence on the basis of the influence of the dispersion relations on the counted in the beginning factors, for wide range of regimes of baroclinic instability. It is determined at what combinations of the studied factors there are resonance conditions for increasing of the intensity or on contrary for blocking of the processes. Generally speaking, the 
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-forcing significantly changes the conditions for baroclinic instability generated by the two basic factors 
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-effect and thermal wind.


The obtained corrections give the applied parameterization approach to be used in the formulation of more general boundary conditions in the numerical weather and climatic models.

 SECTION 1C   The Problem of Tropical Vortice Simulation
ATMOSPHERIC HURRICANES, ENERGY, SIZES, 
QUANTITATIVE CONDITIONS FOR THEIR ORIGIN
G.S. Golitsyn

A.M. Obukhov Institute of Atmospheric Physics, RAS, Moscow 
e-mail: mail_adm@ifaran.ru

Intense atmospheric vortices of large size are arising over oceans due to thermodynamic contrasts between upper ocean and atmosphere. There are known tropical cyclones, TC, polar lows, PL, and lately more and more often hurricanes of the temperate latitudes, such as over Black Sea on November 3, 1854, and on September 2005. Hurricanes differ in sizes and wind strength. Hurricane winds are stronger than 33 m/s. Numerical models of high resolution are able to follow the path and evolution of these vortices but can not predict in due time and place of their origin.


This author in his short Doklady RAS 1997 paper presented similarity and dimensional arguments, basing on his previously developed theory of convection in rotating fluids, explaining the sizes, wind velocities and total energy for hurricanes. The governing external parameters were the buoyancy flux, b, the Coriolis parameter l. But the value of b was taken from observations.


Now it is found the way to express the flux b through the differences of temperature 
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 and of humidity 
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 is the humidity at the water surface (the relative humidity there is 100%) and index a relates to the atmosphere at 
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m. Use of the bulk formulas for the fluxes and of velocity scale at convection of rotating fluids allows one to express the buoyancy flux b and the velocity scale 
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 through the contrasts, i.e. 
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Observations reveal that tropical cyclones develop in a half a day or more reaching tropopause, i.e. 16-18 km. The polar lows develop considerably faster. This gives an observational time constraint for penetrative convection developing in the usually stably stratified atmosphere. The rate of penetration is determined by the flux 
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, Brunt-Vaisala frequency and time. This allows us to present nomograms of dependence the temperature difference 
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 as functions of relative humidity 
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 and of the surface temperature accounting for the Clapeyron-Clausius dependence on the surface temperature 
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. The nomogram for TC reveals that a fraction of a degree in 
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 may be enough to cause convection reach the tropopause, while for PL it is necessary to have 
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>20 K. The difference is caused by much stronger influence of the Coriolis parameter and larger static stability at high latitudes.


The case for TC poses a large challenge to the precision of the satellite measurements of the temperature and humidity profiles in order to use them in operational forecasts for the time and place of TC origin.    

THE ROLES OF GEOPHYSICAL TURBULENCE 
IN TROPICAL CYCLONE DYNAMICS,
HOW WE MODEL THESE PROCESSES, AND HOW WELL WE DO SO
David S. Nolan*

Rosenstiel School of Marine and Atmospheric Science
University of Miami,  Miami, USA,  
e-mail: dnolan@rsmas.miami.edu
Geophysical turbulence plays a large role in all atmospheric processes, and tropical cyclones are certainly no exception. In this talk I will review the turbulent phenomena that are associated with tropical cyclones on four distinct scales: the synoptic-scale atmosphere, the inner-core and eyewall, the planetary boundary layer, and the surface layer. For each case I will discuss the relevant turbulent process, how we believe

they contribute to tropical cyclone dynamics and intensity change, and how they are modeled in state-of-the-art numerical simulations. While it seems that the largest scales are very well simulated, and that parameterizations of the smallest scales work surprisingly well, the  intermediate scales remain challenging and are currently a significant limiter for simulating inner-core structure.

ESTIMATION OF TROPICAL CYCLONE INTENSITY 
ON THE BASIS OF HELICITY 
E.Glebova1, М.Kurgansky2,3, G.Levina4,5, A.Naumov1, I.Trosnikov1 

1 Hydrometeorological Centre of the Russian Federation/Federal Agency of 
Hydrometeorology and Environmental Monitoring, Moscow, Russia; 
e-mail: ek.glebova@gmai.com
2 A.M. Obukhov Institute of Atmospheric Physics/Russian Academy of Sciences, 
Moscow, Russia

3 Department of Geophysics, University of Concepcion, Chile; 
e-mail: kurgansk@udec.cl
4 Space Research Institute/Russian Academy of Sciences, Moscow, Russia

5 Institute of Continuous Media Mechanics, Ural Branch/Russian Academy of Sciences, Perm, Russia; 
e-mail: levina@icmm.ru
Among the most topical questions concerning tropical cyclones (TCs) are the prediction of tropical depression development into a hurricane and the estimation of the potential destructive force of the latter. A quantitative criterion (the so-called helicity index) that has been obtained theoretically by Kurgansky to evaluate the intensity and destructive power of TCs follows the formula


[image: image46.wmf]3

0

(8/3)

SIVdr

j

p

¥

=

ò

, 







(1)

where V( is the azimuthal wind velocity dependent on the radius r. Formula (1) is fair for intense axisymmetric atmospheric vortices, the kinetic energy of tangential circulation in which exceeds the intensity of meridional one, and when the beta-effect can be neglected. 

The helicity index has been calculated for the two TCs, Man-Yi (North-West Pacific, 2007) and Wilma (The Caribbean Sea and The Gulf of Mexico, 2005), during their whole lifetimes. 

The mesoscale atmospheric ETA model has been used in our numerical simulation. As a result of the postprocessing of the ETA model output the tangential velocity field has been obtained to calculate the helicity index. It has been compared with the helicity index obtained from observational data on the maximum wind speed in these TCs. The comparison shows that, because the ETA model underestimates wind speeds in TCs, the simulated values of the helicity index are by 2-3 order of magnitude less than observation-based values. In spite of this, the simulated helicity index gives an adequate picture for the evolution of both TCs. At the stage of tropical depression, the local maximum of vorticity and velocity corresponds to the emerging vortex; so that, the helicity index is found to be higher than usually in the tropical atmosphere. As the TC develops, the helicity index continues increasing. In the typhoon “Man-Yi” rapid decrease in the pressure by 17 hPa per 18 hours and in the wind speed is followed by the 7-8 times growth of the helicity index. The decrease in the helicity index in the hurricane “Wilma” is observed when TC reaches the land and weakens, whereas, it increases again as the cyclone approaches The Gulf of Mexico. 

The calculation of helicity index at different horizontal levels showed that in the TC ”Wilma” the helicity transfer from upper levels towards the low troposphere took place.

We have also used the “storm-relative helicity” for diagnostics of the TC development:
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where U, V are the zonal and meridional components of wind velocity in a TC and Umean,, Vmean are the corresponding components of the velocity of the TC center motion. A couple of days before the TCs appearance some local maxima in the helicity field are clearly identified in the corresponding areas. As a TC develops, the wind speed and the vertical wind shear grow, what leads to the increase in the “storm-relative helicity”. Such amplification of the “storm-relative helicity” is observed not only in the vortex itself but also in its «convective» tail, where new tropical depressions can frequently form. 

This work is supported by the Russian Foundation for Basic Research, project 07-05-00060.  
SPONTANEOUS GROWTH OF HURRICANE-LIKE DISTURBANCES
IN THE THEORY OF CONVECTIVE INSTABILITY
FOR THE MOIST SATURATED ATMOSPHERIC LAYER.

M.V. Kalashnik , B.Ya. Schmerlin.
SPA "Typhoon",  Obninsk , Kaluga Reg., Russia. 

e-mail: shmerlin@typhoon.obninsk.ru.

An analytical theory of the moist convective instability of the rotating thermally stratified viscous and heat-conducting atmospheric layer is created [1-4]. A conventional parameterization scheme of the heat source caused by the condensation latent heat release, similar CISC parameterization, is used. The theory may be taken as a generalization of the classical theory of the Rayleigh convective instability for a case of the water vapor phase transfers. The theory demonstrates the fundamental difference between the moist convective instability and the Rayleigh instability: it is shown, that the instability region on the plane of the problem parameters consists of two subregions, in the first one localized  over the space “hurricane-like” structures have the largest growth rate, and only in the second one – periodic over the space structures. The theory developed describes a number of peculiarities in the dynamics of clouds, cloud streets and tropical cyclones. It destroys a conventional opinion, that CISC and similar parameterizations can not lead to the development of the localized structures of the tropical cyclones size.
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“QUEASYPROGNOSTIC” CALCULATIONS
OF TROPICAL CYCLONS MOTION.

B.Ya.Shmerlin, O.V.Koreshev, V.А.Denkin, A.I.Korenev, M.B.Schmerlin.

SPA "Typhoon", Obninsk Kaluga Reg., Russia. 

e-mail: shmerlin@typhoon.obninsk.ru.
Within a framework of the hydromechanical model (HMM) of a tropical cyclone (TC) motion, the “queasyprognostic”  calculations of TC’s movement are carried out during the 2001 and 2003 year seasons. A TC motion is defined by a large scale wind field and a TC intensity.  “Queasyprognostic” means, that an objective analyses of a large scale wind field and an objective analyses of a TC intensity  are used during an all life cycle of a TC. The model contains  parameters describing a size of a TC and a distribution of a tangential wind of a TC. It is shown, that an appropriate choice for everyone TC of meanings of these parameters (constants) during a “beforeprognostic” period, provides enough good agreement between an actual and calculated tracks of various types for a “queasyprognostic”  period up to 9 days. A duration of a “beforeprognostic” period in the case of a real prognostic  calculations corresponds to a period, for which information about a privies TC motion is available. 

As an example, the calculation results for two 2003 year season TC’s are given in the Figures, the duration of a “beforeprognostic” period in each case is two days. Longitude and latitude in degrees are shown. Tracks with a circles are calculated one, time between circles and crosses corresponds to 12 hours, symbol “w” corresponds to the North-West Pacific Ocean, symbol “al” corresponds to the North-West Atlantic Ocean, first two symbols before it is the regional number of a TC within the season. A duration of a “queasyprognostic”  period and errors at the beginning of a “queasyprognostic”  period (in brackets), for 1 day, for 2 days, for 3 days, etc. are also shown.           

Thus, model parameters may be enough correctly defined during a “beforeprognostic” period. The HMM may be taken as a base for a development of the new track prediction model.
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 LABORATORY MODELING OF ATMOSPHERE MERIDIONAL CIRCULATION AND EFFECT OF SUPER-ROTATION 
Vladimir Batalov, Andrey Sukhanovsky and Peter Frick 

Institute of Continuous Media Mechanics, Perm, Russia, 
e-mail: vbatalov@icmm.ru
The large-scale azimuthal velocity fields in a rotating cylindrical layer of fluid (radius 150 mm, depth 30 mm, free upper surface) with meridional convective circulation was studied experimentally. Two cases were considered: direct (Hadley-like) circulation provided by a rim heater at the periphery, and indirect circulation provided by a central heater. The heating rate is characterized by the Grasshoff number (
[image: image49.wmf]f

Gr

) defined through the density of the heat flux. The detailed 3-D structure of the mean large-scale velocity field is reconstructed using the particular image velocimetry (PIV) technique for 
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. Due to the action of the Coriolis force, the meridional flow results in differential rotation (DR). The DR is characterized by the mean values of radial and vertical gradients of azimuthal velocity. Dependence of the mean radial gradient and the mean vertical gradient from Grasshoff number was obtained for both direct and indirect circulation.  Meridional circulation leads to substantial variation of the integral (global) angular momentum. At the same heating power, the increase of angular momentum at direct circulation is stronger than its decrease at indirect one. Direct circulation results in the growth of the integral angular momentum - L up to 40 percents (or to super-rotation S = 0.4) relative to integral angular momentum of solid body rotation -
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, while the indirect one causes it to decrease to 16 percents (or to super-rotation S = - 0.16), where S is defined as S = (L - 
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Fig.1: Global super-rotation S versus 
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 for direct circulation (squares) and indirect one (circles) at the same rotation rate 
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FINITE-DIFFERENCE PRESENTATION OF THE CORIOLIS FORCE IN NUMERICAL GODUNOV-TYPE MODELS FOR FLOWS OF ROTATING SHALLOW WATER.
К. V. Karelsky, A.S. Petrosyan, A. G. Slavin 

Space Research Institute of the Russian Academy of Sciences, Moscow, 
e-mail: apetrosy@iki.rssi.ru
The Euler equations, which most completely describe the hydrodynamics of natural and laboratory flows of ideal fluid, are so complicated, that in the presence of a complex boundary, even under assumption of non-compressibility, barotropicity and the absence of rotation, they can not be numerically integrated in the problems with rather strong change of underlying surface geometry. The necessity of reducing the initial equations in a class of problems with free surface has compelled Stoker to construct the lower-order mathematical model that was later called the «shallow water» model. This action was stipulated by the fact, that the reduction was performed in the model by asymptotic expansion over a small parameter determined by the ratio of fluid depth to the characteristic linear value, under assumption of hydrostatic character of pressure distribution and weakness of horizontal velocities variation along the lines collinear to the vector of gravity. The obtained equations, in virtue of their nonlinearity and underlying surface complexity, also occurred to be rather complicated for constructing general analytical solutions. However, they can be successfully integrated numerically.       

In this work, for calculating the shallow water flows over an arbitrary surface in the Coriolis force presence, the modernized Godunov method is proposed, which is adapted to flow parameters. The proposed method belongs to the family of methods based on solution of the problem of breaking an arbitrary discontinuity. This method is based on successive solution of classical shallow water equations on a smooth plane by using the Godunov method with allowance for the vertical inhomogeneity of flow in calculating the flows through the boundaries of cells adjacent to stepwise boundaries. The accounting for the vertical inhomogeneity is provided by using the Riemann problem solution on a step based on the quasi-two-layer shallow water model. The distinctive feature of this model is separation of a studied flow into two layers in calculating flow quantities near each step, with improving the approximation of initial three-dimensional Euler’s equations. The unambiguity of such a separation into two layers is provided by the uniqueness of solution of the Dirichlet problem for finding this boundary. Adapting to the flow parameters, this method allows one to take into account the features of fluid flow at each point of space and at any time instant.

The method proposed in the given work does not allow bypassing the aforementioned difficulties, since it also leans on the solution of a one-dimensional problem, in which the transversal component of the velocity vector is convectively transferred by the tangential component. However, it makes it posible to visually represent the features of a splitting approach to numerical simulation as a whole and, thus, provides physical considerations for updating the stability criteria in the finite-difference implementation.

Within the framework of the proposed method, the structure of the solution inside the considered spatial-temporal region for the depth and one of components of the velocity vector becomes known, that allows one, under assumption of stability, to re-calculate the transversal velocity and, thus, to minimize the parasitic phenomena, which are caused mathematically by refusal from integration of the equation for the transversal component of a velocity vector, that induces, from the physical point of view, the non-compensated work of the Coriolis force inside a flow.

SECTION 1D  Application of Regional and Mesoscale Models 
                                  at Diagnosing and Forecasting

ELEVATED PM10 AND PM2.5 CONCENTRATION EPISODE 
IN EUROPE: A MODEL EXPERIMENT WITH MM5-CMAQ 
AND WRF-CHEM

R. San José1, Juan L. Pérez, J.L. Morant1 and Rosa M. González2
1Environmental Software and Modelling Group, Computer Science School, Technical University of Madrid (UPM), Campus de Montegancedo, Boadilla del Monte Madrid (Spain)

2Department of Meteorology and Geophysics, Faculty of Physics, 
Complutense University of Madrid; Ciudad Universitaria, Madrid (Spain)
e-mail: roberto@fi.upm.es
We have applied the MM5-CMAQ model to simulate the high concentrations in PM10 and PM2.5 during a winter episode (2003) in Central Europe. The selected period is January, 15 – April, 6, 2003. Values of daily mean concentrations up to 80 
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 for PM10 and PM2.5 are found as an average of several monitoring stations in Northern Germany. This model evaluation shows that there is an increasing underestimation of primary and secondary species with increasing observed PM10 and PM2.5 values. The high PM levels were observed under stagnant weather conditions, that are difficult to simulate. The MM5 is the PSU/NCAR non-hydrostatic meteorological model (V. 3.7, December, 2004) and CMAQ is the chemical dispersion model (Community Multiscale Air Quality Modelling System) developed by (EPA, US) (Version 4.6) linked with the MCIP module (Version 3.3) used in this simulation with CB05 and using SPECIATE V.4.0 (EPA, US). The emission inventory is the TNO 15 km spatial resolution developed by (Visscherdijk, A. and H. Denier van der Gon, 2005). The results show that MM5-CMAQ underestimates significately the peak values during February and March, 2003. We have also applied the WRF-CHEM (Grell et al., 2005) with CBM-Z chemical scheme. WRF-CHEM is an online model developed by NOAA (US). We have included MOSAIC aerosol model (Model for Simulating Aerosol Intereactions and Chemistry) with 4 bins. The WRF-CHEM results show a much better adjustment to the observational data by simulating much higher PM10 and PM2.5 concentrations being closer to the observations with squared correlation coefficients closer to 0.8. The MOSAIC advanced aerosol module seems to be the main reason for this substantial improved results with WRF-CHEM.
RESULTS OF DETERMINING AN OPTIMUM CONFIGURATION 
OF REGIONAL MODEL WRF FOR MOSCOW REGION
R.Y. Ignatov, E.V. Gritsan, K.G. Rubinshtein 
Hydrometeorological Center of Russia, Moscow, 

e-mail: ignatovroman@mail.ru
A series of experiments with regional non-hydrostatic model WRF (USA) for 4 central months of seasons 2006-2007y was calculated. The purpose of experiments was to define of an optimum configuration of the model for the forecast of lower level meteorological elements in area of Moscow and the Moscow surrounded area. The optimum configuration is a set of physical processes parameterizations combination at which estimations of forecast turn out the best (in comparison with data of at station observations). It was running 20 experiments with various boundary layer parameterizations, microphysics of clouds, convection, and short-wave and long-wave radiation. Experiments with the expanded scheme of parameterization of a city boundary layer were leaded also. The number of model sigma-levels was equal 26; the horizontal resolution was equal 8 km. The territory was covered Moscow and a part of the nearest regions. The model was integrated at 60 hours. For estimations were used last 48 hours of the forecasting. The NCEP finally analysis with the horizontal sanction of 1 degree was used as initial and boundary conditions. Boundary conditions were updated every 6 hours. 18 meteorological stations located within the limits  the Moscow area was used for estimations of forecast. Four from them  are located within Moscow. Results were estimated each 3 hours. The temperature, the sea level pressure, the wind speed and direction and precipitation were estimated. The analysis of results has allowed to drawn following conclusions. Optimum configuration for the various meteorological characteristics forecast is not the same. In particular, at one combination of parameterization the temperature is better forecast, at other - a wind and precipitation. The choice of configuration depends on the task of using forecast. In particular, for a problem of calculation of carry of an impurity it is expedient to use that configuration in which precipitation and a wind has the best estimation. 

This work was partially supported by RFBR grants № 06-05-64104-а, 07-08-00491-а, 07-05-13610-offi-c

URBAN AGGLOMERATION EFFECTS ON THE MESOSCALE SURFACE FIELDS OF THE METEOROLOGICAL PARAMETERS

 (THE RESULTS OF THE EXPERIMENTS WITH THE GENERAL ATMOSPHERIC CIRCULATION MODEL OF THE HYDROMETCENTER OF RUSSIA)

E.V. Nabokova, K.G. Rubinstein, E.N. Egorova, A.A. Vasil’ev 

General Circulation and Climate Modelling Laboratory,
Hydrometeorological Research Center of Russian Federation,
Moscow, Russia   

e-mail: e.nabokova@gmail.com

The end of the XX century and the beginning of the XXI century are characterized by the unprecedented rates of urbanization resulting in city growth. Presently, urban territories occupy about 2% of the land. These territories cause the most intense anthropogenic environmental effects. The fact gave rise to numerous studies dealt with city influence on the local, regional, and global climate. However, the most part of the studies is devoted to the atmosphere gas composition change caused by the anthropogenic impact. Meanwhile, relations between the climate change and the land use specific structure within the urban territory are poorly investigated. 


This study is based on the hypothesis about «heat island» direct influence on the climate in different scales through the changes of the roughness, surface temperature, and albedo.


Seven ten-year experiments (1979-1988) with the T42L15 version of the general atmospheric circulation model of the Hydrometcenter of Russia were run to verify the hypothesis. In the experiments the certain physical characteristics of the surface were set at the nodes with the coordinates of the world largest cities. 


The main tasks of the study were to detect model’s sensitivity to mesoscale changes of the surface characteristics and to estimate the simulated data approaching to the etalon ones under use of such a simple large city model. The reanalysis NCEP/NCAR data was used as etalon data.


Considering the results of the most complex experiment, in which all the mentioned above parameters were changed, we can say that

· the difference between the temperature in the disturbed and base experiments is +/-2°C on the average. The same difference for precipitation is +/-2,3 mm;

· the values, which were obtained in the disturbed experiment, are closer to the etalon data in about half of the cases comparing with the base experiment.

It should be taken in consideration that the model of «heat island» accounting is quite simple and its modification in the areas with bad correspondence with the etalon data can improve the results.

This work was partially supported by grants RFFI 07-08-00491-а, 06-05-64104 –а и 07-05-13610-офи_ц. 

REPRESENTATION OF MESOSCALE FEATURES 
OF ATMOSPHERIC CIRCULATION 
FOR THE BLACK SEA REGION 
ON THE BASIS OF MODEL WITH NESTED GRIDS
V.S.Barabanov, V.V.Efimov, M.V.Shokurov

Marine Hydrophysical Institute, Sevastopol, Ukraine

e-mail: efimov@alpha.mhi.iuf.net
The results of regional modeling of atmospheric circulation using MM5 version 3.7 are presented. Everyday run of the model was organized in Marine Hydrophysical Institute of Ukrainian Academy of Sciences from January 2007 aiming to provide datasets with surface fluxes of impulse, heat and water for the Black Sea circulation models. One degree analysis from NCEP/NCAR or GFS forecast was used as input data. Grid steps for the model domains were 27 and 9 km; some tests were started with 3 km resolution for Crimea from 2008. The model configuration is characterized by using Pleim-Xiu boundary layer parameterization with surface wind output added. The model wind data were compared with measurements on the stations in Crimea and satellite scatterometer data from QuikSCAT. On the basis of calculated data the peculiarities of breeze circulation and some other mesoscale features for the region were investigated.  

THE INFLUENCE OF THE WEATHER FORECASTING MODEL GRID SIZES TO THE SEA HYDRO-ECOSYSTEM DYNAMICS.

Rein Tamsalu (Estonian Marine Institute of Tartu University)

Vladimir Zalesny (Institute of Numerical Mathemathics RAS)

e-mail: rein.tamsalu@ut.ee
Meso-scale weather forecast model is the source of meteorological data for the marine models. Because modelling concentrates on coastal areas, the atmosphere model resolution is also an important factor and higher resolution than provided by operational meteorological models is favoured. Two atmospheric modeling domains are in use. The grid size of the larger domain ETA is 11 km and the smaller domain ETB – 3 km (Mannik et al, 2003). As the limited area models require boundary fields from the larger models, the ETA model is nested to the FMI operational HIRLAM and ETB to the ETA. ETA model is based on the reference HIRLAM model, ETB is the non-hydrostatic version. 

Four domains are used in marine modeling.. The grid size of the larger domain BAL2 (Baltic Sea) is two nautical mile (nm), the grid size of the next domain EST1 (Gulf of Finland and Gulf of Riga) is one nm. The grid size of the last but one domain TAHE (Tallinn-Helsinki area) is ¼ nm and the grid size of the smaller domain TALL (Tallinn Bay) is 1/20 nm. All marine hydrodynamic models are non-hydrostatic. 

Offline modeling with time-averaged flow, sea temperature, light conditions and eddy viscosity field every 3 hours is used for water ecosystem simulations

Coupled atmospheric-sea modelling suite FRESCO integrates several sub-models.

· weather forecasting model HIRLAM (High Resolution Limited Area Model),

· meso-scale atmosphere online model ETA and ETB,

· wind wave narrow directional approximation model;

· meso-scale marine non-hydrostatic circulation online model together with two-equation (k-() turbulence model;

· water ecosystem offline model.

Modeling suite was used for numerical experiment to study the influence of different weather forecasting model grid sizes to the hydrodynamics and ecosystem behavior in the shallow coastal waters. Three numerical experiments in the Tallinn Bay are performed under the real atmospheric forcing with different grid sizes. The most pronounced effect is revealed for the coastal shallow area of the Tallinn Bay. The grid size in Tallinn Bay model was ( 100m.
THE SENSITIVITY OF ATMOSPHERIC CIRCULATION FEATURES 
TO THE PLANETARY BOUNDARY LAYER PARAMETERIZATION SCHEMES IN THE MM5 MODEL

S. Ivanov, J. Palamarchuk, D. Pyshniak

Odessa State Environmental University, Ukraine
e-mail:  svvivo@te.net.ua
Prediction of basic atmospheric features requires careful attention to the evolution of the planetary boundary layer (PBL), especially when model simulations are run on a fine resolution domain. The proper simulation of the PBL structure also contributes to quantitative precipitation forecasts. Special consideration must be given to the PBL properties, such as the vertical profiles of wind, temperature and humidity, mixing processes, height of PBL and generation of turbulent kinetic energy.

The objective of this study is to verify various PBL parameterization schemes of the MM5 model in simulating reference atmospheric variables and precipitation structures on domains of different resolutions. The following three PBL schemes are considered: the Blackadar, Eta and MRF. The Eta PBL parameterisation is based on a local closure scheme with prognostic equation for turbulent kinetic energy. The MRF parameterization is a non-local scheme based on the results of the large-eddy simulations. In the high resolution Blackadar parameterization the stable nocturnal regime and free convective regime are treated differently: the former with the local scheme, while the latter with the non-local approach. 

The impact of PBL parameterizations on atmospheric circulation variables is evaluated through comparison of the model state against ERA40 reanalysis, considered as a reference. Basic attributes of model errors are measured to determine spatial structures, vertical profiles, geographical regions and synoptical patterns. The comparison is performed for domains with different resolution from 3 to 81 km over the central part of North Atlantic, where the flat oceanic surface allows us to avoid the orography impact.

As a result of the verification of PBL parameterizations, we found that the MRF scheme based on the non-local closure scheme simulates atmospheric patterns more accurately than any other scheme in terms of geopotential, temperature, PBL height and other parameters on the coarse resolution domain. It appears that the non-local scheme’s ability to parameterize large eddies affects the height of the entire PBL and the processes within it. It is therefore necessary to simulate properly the deep PBL that occurs in the mid-latitudes. Results on the fine resolution domain show that the combination of the high resolution Blackadar PBL and Grell convection schemes provides the most realistic general circulation patterns and meso-scale precipitation structures. The Eta parameterization with the use of the local closure scheme, as is implemented in MM5 on the basis of the Mellor-Yamada approach, simulates a PBL, which is shallower, cooler and more humid than in the reference state. The simulations in the nesting mode also show that results are more sensitive to the choice of PBL parameterization than to the resolution. In certain cases the use of the higher domain resolution led to increased systematic model errors, especially in humidity, cloudiness and precipitation fields. 

Acknowledgement: This study has been supported by NATO Science for Peace grant #981044. 
 A TECHNIQUE OF NUMERICAL FORECASTING AT THE REPUBLICAN HYDROMETEOROLOGICAL CENTER OF BELARUS

Anatoliy Iv. Polischuk 

Director of the Republican Hydrometeorological Center of Belarus, Minsk

e-mail: boss@by.mecom.ru 
A technique of numerical forecasting at the Republican Hydrometeorological Center of Belarus is presented in this report. Comparative analysis of numerical models put to use at the centre is given. Staged implementation of the regional model developed by V.M. Losev for pressure and precipitation field forecast and use of objective analysis of data from the Hydrometeorological Centre of the Russian Federation in GRIB code as initial data resulted in considerable improvement of pressure field forecasting. A table of statistical characteristics of pressure field and precipitation forecasts is presented. At present for the Belarus territory a trajectory method is currently used as the basic one at forecasting of meteorological weather elements and dangerous phenomena in the territory of the Republic of Belarus which does not serve the purpose of improving weather forecasts. The developed ‘Automated Weather Forecaster Workstation’ software package helps a weather forecaster to make final weather forecast. Implementation of numerical model of mesoscale forecasting makes a prospect for the Republican Hydrometeorological Center of Belarus.

A description of mesoscale model developed by Pressman at the Hydrometeorological Centre of the Russian Federation,  initial fields and model clusters in which physical mechanisms of the atmosphere are parametrized and considered, is given in the report.
SECTION  2  Use of Mesoscale Models in Studies of Air Pollutant and 

                           Aerosol Distribution in the Atmosphere
INTEGRATED MESO-METEOROLOGICAL AND 
CHEMICAL TRANSPORT MODELLING: 
EUROPEAN OVERVIEW AND ENVIRO-HIRLAM STATUS
Alexander Baklanov

Danish Meteorological Institute (DMI), Copenhagen, Denmark

e-mail: alb@dmi.dk
The strategy for developing new-generation integrated Meso-Meteorological (MetM) and Atmospheric Chemical Transport Model (ACTM) systems is discussed and an overview of the European COST728 (http://www.cost728.org) integrated systems is given. Advantages and disadvantages of on-line integration in comparison with, the more common, off-line coupling of MetMs and CTMs are mentioned using DMI Enviro-HIRLAM (HIgh Resolution Limited Area Model) as a specific example. The way of online integration modeling considering feedback mechanisms is more promising for the future and could be beneficial for model improvements in both communities: meteorological and chemical weather forecasting, as well as in environmental impact and climate change applications.  Current progress in the on-line coupled Enviro-HIRLAM system development and its urban and meso-scale modelling applications are considered. 
MESO- AND MICROSCALE MODELS WITH HIGH RESOLUTION 
FOR INVESTIGATION OF URBAN SUBLAYER AERODYNAMICS
A. V. Starchenko, D.A.Belikov, A.O.Yesaulov, R.B.Nuterman

Tomsk State University, Tomsk, Russia

e-mail: starch@math.tsu.ru 

The modern level of development of mathematical methods for weather research and supercomputers allows predicting numerically in detail not only urban microscale but mesoscale meteorological processes, which are happened above big cities and industrial centers. In this report a complex of mathematical models for research of aerodynamics, physical and chemical processes in an atmospheric boundary layer (ABL) above city, and also in elements of city building is represented. 

The mathematical model for research of meteorological processes in ABL above the local territory with non-uniform properties is developed. The model are explicitly predicted heat and moisture exchange in atmosphere, for example, formation of rain drops, a fog and overcast, heat transfer by long-wave and short-wave radiation. Interaction of ABL with a non-uniform spreading surface, characteristic for the urbanized territory, is modeled by inclusion in the transport equations additional terms, responsible for drag force, redistribution of heat and a moisture, generation of turbulence in a city sublayer.

The new model of turbulence for the prediction of turbulent exchange of an impulse, heat and mass in an APL is developed. This model is based on use of the transport equations for kinetic energy, scale of turbulence, a dispersion of temperature fluctuations and algebraic relations for Reynolds's stresses, turbulent fluxes of heat and scalar. The model is approved on well-known experimental data for various cases of ABL temperature stratification. Essential advantages of the developed model of turbulence in comparison with Boussinesq’s relations are shown at the simulation of the atmospheric processes occurring at unstable stratification of ABL.

For the numerical solution of the transport equations representing a kernel of developed mesoscale model and model of turbulence, an essentially non-oscillating finite-differencing schemes of the high order of approximation (up to the third - on time and up to the sixth - on coordinates) are developed. These schemes are approved on known test problems. New approaches for the numerical solution of large systems of the finite-differencing equations on multiprocessing computer facilities with the distributed memory with use of technologies of the standard of parallel programming Message Passing Interface and ways of decomposition of grid domain are offered. Advantages of 2D decomposition are shown on TSU computing cluster SKIF Cyberia.

The first results on developing of the declared in the project microscale model for research of aerodynamics and pollution transport in city building which will be used for verification of the chosen schemes of parameterization of interaction of ABL with the urbanized territory are obtained. On the basis of results of testing it is drawn a conclusion on necessity of more careful prediction of turbulent transfer in recirculated flows, characteristic for street canyons.

This research is supported by the RFBR, grant N 07-05-01126.
APPLICATION OF MICROSCALE MODEL PREDICTIONS FOR DEVELOPMENT OF URBAN CANOPY PARAMETRIZATION SCHEME FOR MESOSCALE METEOROLOGICAL MODELS

R.B.Nuterman1, A.A.Baklanov2, A.V.Starchenko1

1Tomsk State University, Tomsk , Russia, 
 e-mail: nutrik@math.tsu.ru, starch@math.tsu.ru
2Danish Meteorological Institute, Denmark, Copenhagen, 
e-mail: alb@dmi.dk
The elements of urban canopy (buildings and urban vegetation) are the artificial obstacles forming conditions of air stagnation, and promoting accumulation of emissions from urban traffic and industrial plants. Therefore, numerical simulation of such flows is important from the view point of emergency preparedness and ecological risk reduction. Moreover the data predicted by  microscale models could be useful for development of new schemes for parameterization of atmospheric boundary layer in NWP. 

At present time there are micro-scale models of aerodynamics in urban canopy based on standard two-parametrical models of turbulence like “k-(”, and also the models based on LES approach and sub-grid turbulence closure models of Smagorinsky. However they all have low accuracy of calculations and inadequate simulation of real conditions. Therefore, it’s reasonable use high order turbulent closure schemes for turbulence modeling and turbulent fluxes of heat and mass for RANS approach, and to work at improvement sub-grid scale models from the point of calculation accuracy.

This study is devoted to development and evaluation of micro-scale model based on RANS and LES approaches with the using of effective numerical methods for solving unsteady Navier-Stokes and convection-diffusion equations with the use of multiprocessor computer with distributed memory. The analysis of spatial averaged properties from numerous computations of flow around different large scale urban obstacles shows that the disposition of urban elements plays a crucial role in prediction of fluxes and pollution dispersion in urban areas. The results of computations show that buildings generate turbulence that dominates natural wind gusts. Steady state models (RANS) inaccurate predict flow field when local turbulent fluctuations are large. This calculations show the necessity of differentiation of urban conglomeration types to improve schemes for atmospheric urban boundary layer modeling. 


This work is funded by RFBR grant (Nr. 07-05-01126) and INTAS (Nr. 06-1000016-5928).

AEROSOL POLLUTION IMPACTS ON DEEP CONVECTIVE CLOUDS
William R. Cotton

Dept of Atmospheric Science, Colorado State University,  Fort Collins, USA
e-mail: cotton@atmos.colostate.edu
 Recent modeling studies and inferences from field measurements suggest that aerosols acting as cloud condensation nuclei(CCN), Giant CCN(GCCN) and ice nuclei(IN) can significantly impact the dynamics and precipitation processes in deep convective clouds. Some of these studies indicate increases in precipitation while others indicate decreases in precipitation with increasing pollution levels. Some of our own modeling studies suggest that aerosol pollution can impact tornado formation processes in supercell storms. Finally, several modeling studies have suggested that aerosols acting as CCN can reduce the intensity of tropical cyclones. Further simulations, however, suggest that the response to pollution aerosols is not always monotonic. In this talk I will overview the previous work on this topic including research in my group. I will discuss possible sources for discrepancies between the previous studies on aerosol impacts on deep convective clouds including tropical cyclones. The emphasis in this talk is that the response of deep convective clouds to varying pollution levels is by no means simple or linear.  

ON POSSIBLE TRAJECTORIES OF POLLUTING CLOUDS IN THE ATMOSPHERE OF THE CAUCASUS REGION

A. A. Surmava, D. I. Demetrashvili, D. U. Kvaratskhelia

1 Alexidze Str., Institute of Geophysics, Georgian Academy of Sciences, 380 093, Tbilisi, Georgia 
e-mail: aasurmava@mail.ru
By numerical integration of the transfer-diffusion equation the possible distributions of  passive polluting substance in the atmosphere for four types of background air flow characteristic for the Caucasus region are investigated. The fields of meteorological elements necessary for modeling of pollution are calculated with the help of regional hydrodynamic model of development of atmospheric processes over the Caucasus. It is shown that the Caucasus region relief essentially influences on the polluting substance distribution in the atmospheric boundary layer. The scheme of possible transfer of the maximal concentration zones at various initial positions of a polluting clouds is obtained.
Use of NUMERICAL WEATHER predictiopn model«ММ5» 
for the meteorological SUPPORTING OF Emergency Response System of the Ukrainian NPP

Е.Garger*, T.Lev*, N.Talerko*, I. Kovalets**

* Institute for Safety Problems of Nuclear Power Plants,
National Academy of Sciences of Ukraine,

** Institute of Mathematical Machine & System Problems,

National Academy of Sciences of Ukraine

e-mail: tdlev@ispnpp.kiev.ua 
To assess the effects of radiation exposure emergency emissions nuclear power plant on the population and objects of the environment with using models of atmospheric transfer must be compliance with IAEA specification № NS-G-3.2: the meteorological data must be compatible with the numerical methods and models transfer and diffusion of radioactive releases, in which they will be implementing. Institute for safety problems of NPP has the mesoscale model transport and deposition of radioactive emissions from nuclear power plants “LEDI”, which was developed after the Chernobyl accident and verified on Chernobyl contamination data. The developed model should be predictive meteorological data to implement and using it in emergency response systems in the Ukrainian NPP. Now the Ukrainian Hydrometeorological service does not have the digital data of numerical weather prediction model adapted by the environmental of Ukraine with the necessary definition by vertically (through the 100 m in the atmospheric boundary layer.) and horizontally (10 x 10 km). The available through the Internet scheme of numerical weather prediction "MM5" (USA) was explored and inspected for information and analytical supporting of NPP emergency response systems. The scheme has been adapted by the environmental of Ukraine. The Ukrainian input data about vegetation/land use, soil data and soil surface temperature data for regular grid with a step by 81, 27, 9 and 3 km were reclassified in MM5 categories. Basic digital maps were used from electronic geographical Atlas of Ukraine (Institute of Geography and LTD "IS GEO") and data from Hydrometeorological service. The typing of synoptic situations was held by identification of standard of pressure fields (has been allocated 8 types) and by criteria of "actual variability" of meteorological data. The average estimate skill in meteorological forecasting with 24 hours in advance was calculated for two periods: April-May 1986 and November 2006. Assessment was calculated for the fields of pressure (geopotential), temperature, wind speed and direction of a regular grid with a step 9 and 3 km for levels - surface, 1000, 925, 850 and 700 gPa. The test results showed good skill in forecasting meteorological variable: relative error ranges from 0.35 to 0.6 for geopotential in layer 1000-700 hPa. The average forecast of temperature relative error ranges from 0.4 to 0.7 for levels of 925, 850 and 700 gPa. The relative error for surface temperature forecasting is varies from 0.8 to 1 and above. Testing of MM5 model was implemented with the assigned calculation schemes MM5: the boundary layer, convection, humidity, etc. 

The comparison of results of calculations of forming fields of radioactive fallout in the hypothetical case of an emergency (discharge  release of radionuclides into the atmosphere) at the Rivne nuclear power plant was performed, using different sets of meteorological data (MM5 data numerical weather forecast, data of Hydrometeorological service - meteorological data and data of radiosonde observations). Calculations were performed for unsteady conditions - passage of the cyclone on the Ukrainian territory from the north-west to south-east (November 29-30, 2006). 

It was concluded that with sharply unsteady synoptic processes using the current data of national meteorological service for forecasting of radioactive contamination fields leads to substantial errors even in the zone near nuclear power plants (at distances up to 30 km). In this case, error in determining of the diffusion direction of the maximum area of radioactive fallout can reach near 90 degrees.  This is explicate insufficient spatial resolution of national meteorological network. Using data numerical weather forecast (with the smallest grid - 9 or 3 km and a resolution in time 1 hour) significantly improves the forecast developing of the radiation situation in the NPP zone of responsibility.
POLLUTION OF THE AIRBASIN OF AN INDUSTRIAL CENTER.

VERIFICATION OF THE THEORY

B.D. Belan, N.V. Uzhegova 

Institute of Atmospheric Optics, Siberian Branch of Russian Academy of Sciences, Tomsk

1 Akademicheskiy Avenue, Tomsk, 634055, Russian Federation

e-mail: bbd@iao.ru

Territory of any industrial center is a limited area with heavy concentration of a substantial number of plants and production facilities, motor vehicles and other kinds of transportation links, etc being the sources of pollutants that are not characteristic of natural atmosphere and can inflict injury to humans and other species. All that leads to the city becoming not only a heat island but also a ‘pollution island’. Since formation of ‘a pollution island’ differs drastically from diffusion of pollutants in an environment, the purpose of this research is analysis of regularities at formation of a ‘pollution island’, which is made on the basis of theoretical and experimental investigations.

Firstly, high density of sources of pollutants on the limited territory results not only in high pollution levels but also in admixture interaction and coming to being of secondary admixtures - chemical substances which were nonexistent initially.

Secondly, pollutants are overheated against the surrounding air in an environment or their emission is accompanied by heat injections that leads to changes in atmospheric stratification near the sources and, correspondingly, changing to regularities of pollutant diffusion beyond the city limits.

Thirdly, as is showed by V.V. Penenko, any industrial center is usually situated in rugged country, near a large water body etc, and aggregate exposure to these factors together with the heat island effect results in formation of a special air circulation that prevents air pollutants from being carried out beyond the city limits.

Thus, a self-sustained process is formed in the atmosphere of an industrial center which in its turn determines the level of pollutant concentrations in the territory.

Complex experiments on assessment of an airbasin state, that were carried out at the Institute of Atmospheric Optics, put into life the stated above and also revealed an additional factor which promoted pollutant being ‘locked up’ in the city territories.

For example, a local circulation around a city is retained under considerably strong main air flow and is lost only under frontal passage. Reconstruction of local circulation occurs within a day which is confirmed by the yearly atmospheric composition and the onset of photochemical processes.

A cloud of pollutants above an industrial center is limited on the vertical. Its boundary is internal mixing height, which alongside with local circulation determine the air volume in which the admixtures produced in the city territory diffuse. It is fully confirmed by balance estimations, which were carried out for a number of cities on the basis of direct measurements of composition and volume of emissions from the sources situated in the territories.

At the same time, inside a ‘pollution island’ it’s possible to single out several deviations from a general pattern. These deviations are related to the level 

where the photochemical and destructive processes develop. Depending on physiographic factor this level may be either near the surface or elevated. Sometimes inside a cloud of pollutants several layer with active admixture transformation may be revealed. Within separate periods various types of exchanges between the layers of admixtures may be observed. One of them, the most dangerous exchange, is overnight subsidence of secondary, more toxic pollutants, from the elevated sources into the surface layer.

All of these regularities of urban pollution field formation urge to seek after special approaches at taking nature-conservative measures and, as is proved by the experience of some foreign countries, creation of a city operative system for control of the state of the airbasin could be the first step toward the fulfillment of the task. And only after that it could prove possible to conduct a series of purposeful actions on the basis of the obtained data.
ISOLATION OF ANTHROPOGENIC FACTOR IN AIR POLLUTION: 

DEVELOPMENT OF A TECHNIQUE, ILLUSTRATED 

BY THE EXAMPLE OF TOMSK

B.D. Belan, D.V. Simonenkov, G.H. Tolmachov

Institute of Atmospheric Optics, Siberian Branch of Russian Academy of Sciences, Tomsk

1 Akademicheskiy Avenue, Tomsk, 634055, Russian Federation

e-mail:  bbd@iao.ru
The problem of identification of aerosol anthropogenic fraction is an unconventional and is regarded as a fundamental problem of physics and chemistry of the atmosphere. It’s doubtful to solve this problem before long but in certain cases, with the physiographic peculiarities of a region taken into account this particular problem, to make quantitative estimation of anthropogenic component of aerosol that is produced in a particular area, could be solved. In this work it is attempted to separate out and estimate anthropogenic component of aerosol in Tomsk. Two identical apparatus are used to sample the aerosol for chemical analysis and to obtain its dispersion composition. One of them is located in Kireevsk (60 km west of Tomsk), and the other in Akademgorodok (Academic Town) 4 km east of Tomsk. The atmospheric aerosol was sampled with AFA–VP–20 filters. Analysis of substance sedimentation on the filters is carried out in The Laboratory of Analytical Chemistry at Tomsk State University as provided by the certified procedures - atomic emission spectroscopy is used to determine the elemental composition, flame photometry (Na+, K+),  high-performance liquid chromatography and ion-selective electrodes (Cl–, NO3–, SO42, NH4+, F–) were applied to estimate the ionic composition. Information on the employed methods may be obtained from [1].

Taking in account that west-to-east transfer dominates in region in question and that these are no sufficient sources of aerosol between Tomsk and Kireevsk, the difference in dispersion and chemical composition of synchronously measured particles will be determined by the anthropogenic share of Tomsk. In the summer of 1997, synchronous samplings of aerosols were made on these sites. From 31 July till 24 August 25 diurnal samplings were conducted in Tomsk and Kireevsk (with 2–3 filters per sample on each site) Changes of filters were made at approximately the same time, about 10–11 a.m.

In the period in question wind speed generally varied from 5 to 10 m/s with the gusts of up to 15–20 m/s in certain days. Thus, under zonal transfer the air mass moved from one site to the other in 1–4 hours. Within the period under analysis only on the initial 3–4 days light east–to-west transfer (2.5-7 m/s) occurred, and then the wind with the western constituent dominated. Thus, the whole of the experiment may be separated into two periods according to the dominating transfer. In the first period the air mass moved from Tomsk to Karees, and influenced aerosol composition on the Karees site. At the same time the Tomsk site, being situated west of the city, was to register smaller, as compared to the second period, anthropogenic influence of the city. In the second period aerosol level was correspondingly near the background one in Karees - the influence of the city increases because of synoptic conditions. Thus the ratio of anthropogenic substance concentrations, ions of the ‘pure’ period to the ‘polluted’ ones for each site theoretically, at all other factors being equal, doesn’t exceed unity.
Multi-objective optimization of emission parameters 
for air pollution models
V.I. Nochvay 

National University ‘Kyiv-Mogyla Academy’, Kyiv, Ukraine, 
e-mail: fhvortex@yahoo.com
Optimization algorithms for industrial emission parameters control with environmental and economic criteria are considered. External penalty function method is used for constrained multi-objective optimization.

The air pollution model is used to calculate main components of atmospheric pollution in urban area. The municipal area is divided by zones depending on the emission condition. Mainly, atmospheric loads are caused by road traffic and less by industrial sources. The source-receptor relationship was expressed as a sensitivity function. Average concentration of a certain pollutant in a given grid cell during a given time interval are used as the receptor. Sources are specified as hourly emission rates from cells. Emissions parameters are managed with model that uses modification of Arrow-Hurwicz optimization algorithm. The solution of Adjoint of a differential equation for diffusion and advection is used for sensitivity function calculation. Optimization model reveals emission sources that make the most contribution to the pollution of the target zones or the whole of region for the given meteorological conditions by gradient of sensitivity function.  Emission parameters are changed, also, by gradient of introduced ecological functionals. 

The optimization model can be used for urban emission parameter control together with photochemical models for numerical modeling and forecasting of ozone precursors pollution fields. Conditions of urban surface ozone formation are considered. The alternative schemes of urban pollution were investigated relatively to the ozone formation process. 

The developed algorithms can be used for decision making in information systems for air quality management and, also, to generate some necessary emission scenarios in integrated air pollution models.
UPSCALING OF MESOSCALE CO2 FLUXES
S-E Gryning(1), E Batchvarova(2) and H. Soegaard (3)

(1) Risø DTU, Roskilde, Denmark; 

 e-mail: sven-erik.gryning@risoe.dk  ,

(2) National Institute of Meteorology and Hydrology, Sofia, Bulgaria 

e-mail: ekaterina.batchvarova@meteo.bg)

(3)Institute of Geography, University of Copenhagen, Copenhagen, Denmark,

e-mail: hs@geogr.ku.dk
The distribution of CO2 flux to sea and land surfaces is a critical factor in the estimate of the uptake of carbon when derived by mesoscale atmospheric models. In meteorological models, the individual horizontal grid cells often enclose regions of pronounced inhomogeneities: over land in the vegetation and over the sea in the differential pressure of CO2 between the air and the sea caused by i. e. biological activity in the sea. Neither the land nor the sea surface can be considered homogeneous with respect to sensible and latent heat flux as well as fluxes of CO2.

A budget method to derive the regional surface flux of CO2 from the evolution of the boundary layer is presented and applied. The necessary input for the method can be deduced from a combination of vertical profile measurements of CO2 concentrations by i.e. an airplane, successive radio-soundings and standard measurements of the CO2 concentration near the ground. The method is used to derive the regional flux of CO2 over an agricultural site at Zealand in Denmark during an experiment 12-13 June 2006. The regional fluxes of CO2 represent a combination of agricultural and forest surface conditions. It was found that the regional flux of CO2 in broad terms follows the behavior of the flux of CO2 at the agricultural (grassland) and the deciduous forest station. The regional flux is comparable not only in size but also in the diurnal (daytime) cycle of CO2 fluxes at the two stations. 

USING MESO-SCALE MODEL FOR SUPPLYING FORECAST
OF TRANSPORT RADIONUCLIDE
K. Rubinstein, R. Ignatov, E.Gritsan

Hydrometeorological Centre of Russia, Moscow, Russia
e-mail: k.g.rubin@gmail.com
Area of potential dangerous from Nuclear Energetic Station is more then 30 km. In the dangerous zone can be places of human living, or some agriculture areas with distance more than hundreds km. Probability of such events is vary little, but possible lose is so great, that we must take it in consideration. In connection with it is necessary to construct mathematical models and programs systems for operative forecast of radionuclide transport in scale of hundred km,

These models need operative forecast of meteorological fields with high resolution. The main task of such programs is information supplying of local organizers for make proper decisions in cases of danger events in real-time scale. In IBRE RAS institution vas develop stochastic model of atmospheric dispersion of radionuclide by base hybrid numerical methodic of decision equation of turbulent diffusion, which have advantages of Gaus and Lagrange methods. This model is a core of program NOSTRADAMUS, using for information in danger event case. 

Together with meso-scale models MM5 or WRF it is develop experimental forecast system which operatively give opportunity to inform about radionuclide situation above  Kolsky hemi Island. 

Here demonstrate results of sets of experiments with different boundary layers for optimal structure of system. It was shown, that forecast of wind directions is enough precision;

Forecast of precipitation as a fact is subtle, but for the amounts a bit worse.

The best results were shown by PBL Pleim - Chang.

This work was partially supported by grants RFFI 07-08-00491-а, 06-05-64104 –а и 07-05-13610-офи_ц. 

ATMOSPHERIC TRANSPORT MODELING WITH 3D LAGRANGIAN DISPERSION CODES NOSTRADAMUS AND MESO-SCALE METEOROLOGICAL MODEL WITH HEIGHT SPACE RESOLUTION, COMPARED WITH TRACER EXPERIMENTS AT REGIONAL SCALE. 

R.V. Arutunjan, V.N. Semenov, O.S. Sorokovikova, A.L. Fokin 
(Nuclear Safety Institute RAN, Moscow )

R.U. Ignatov, K.G. Rubinshtejn 
(Hydrometeorological Research Center of Russian Federation, Moscow, Russia)
e-mail: arut@ibrae.ac.ru, sem@ibrae.ac.ru, olga_sorokov@mail.ru, fokin@ibrae.ac.ru, k.g.rubin@googlemail.com

The results of four tracer experiments of atmospheric dispersion on a regional scale are used for the benchmarking of two atmospheric dispersion modeling codes MINERVE SPRAY (CEA, France) and NOSTRADAMUS (NSI RAN, Russia). Both codes use regional meso-scale meteorological models with height space resolution. The main topic of this comparison is to estimate the Lagrangian codes and meso-scalt meteorological models of different kind capability to predict the radionuclide atmospheric transfer on a large field in the case of risk assessment of nuclear power plant for example. The tracer experiments has a regional scale (until 60 km. from the source) with different weather conditions. The different three dimensional regional scale meteorological models were used. The MINERVA code and WRF code. The models take an arbitrary number of meteorological data (ground stations, profiles, large scale numerical weather prediction models output) and uses a detailed description of topography (digital terrain model, land use ) to reconstruct a sequence of 3D meteorological fields, including wind temperature and turbulence. The statistic of comparison of field date and models result is performed.

THE MODELING OF CONSEQUENCE THE HYPOTHETICAL VARIANTS OF EXTREME ACCIDENTS IN UTILIZING ATOMIC SUBMARINES AT KAMCHATKA PENINSULA WITH RADIOACTIVITY ENVIRONMENTAL POLLUTION.  
V.N. Semenov, O.S. Sorokovikova 
Nuclear Safety Institute RAN,  Moscow, Russia

e-mail: sem@ibrae.ac.ru,, olga_sorokov@mail.ru
On Kamchatka peninsula (Russia) utilization of decomissioned atomic submarines is being carried out. The scope of work is not considerable yet. At present manufacturing capacities allow utilizing one atomic submarine per year. As a result a lot of used atomic submarines are accumulated in expectation of utilization. In the near future the manufacturing capacities will be considerably increased and the process of utilization will be appreciably intensified. An increase of work amount raises the risk and dangerous of accidents and environmental pollution. Many utilization operations are carried out with opened protective barriers. This may result in serious radioecological consequences for population and environment in case of accident.

A review and analysis of existent hypothetical variants of extreme accidents in utilizing atomic submarines at Kamchatka peninsula have been made. Several the most dangerous scenarios of accident with maximum radioactivity leakage to the environment have been emphasized. Among them there are two the heaviest accidents : spontaneous nuclear reaction during spent fuel unloading and act of terrorism with waste storage undermining during transportation. Major accidents of such type have very low probability. However these situations, including possibility of act of terrorism, unfortunately, must not be ruled out totally. The consequence of air pollutions for such accident in different meteorological situation and see surface radioactivity pollution analyzed. Unlike different situations  with pollution transport by atmospheric way for this type of accident, significant radionuclide concentrations after falling into the water surface, by estimate, can be found at considerable distances from accident place under unfavorable These estimations allow us to assume that under unfavorable conditions extreme hypothetical accidents may become a problem for areas of water at long distances from the place of accident (from hundreds to thousands kilometers).

A NEW SOLUTION FOR THE EQUATION OF TURBULENT DIFFUSION
FOR STATIONARY POINT SOURCES
S.N.Stepanenko, V.G.Voloshin, S.V.Tiptsov
Odessa State Environmental University, Ukraine
E mail: rector@ogmi.farlep.odessa.ua
Distribution of pollution concentrations 
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can be derived with the help of a stationary function of the following kind
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The formula (1) illustrates the fundamental solution for the stationary equation of turbulent diffusion under boundary conditions
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The found solution is the basic one as compared to other kinds. The equation (1) can be easily reduced to the formulas of Gaussian model of impurity dispersion. At distances of 
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 Gaussian model parameters are stable, and the formula (1) permits corresponding approximations. 

Having directed a 0X axis downwind, neglecting diffusion in this direction we state the equation which results in simple but approximate function of Gaussian distribution of concentrations. Having performed transformations of the first summand in the equation (1), we shall put it as follows:
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       (2)

It is possible to transform the second summand in the equation (1) in the same way. Having determined the scale factors 
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 and, having substituted them in (2), we receive the formula  
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This is the basic design formula for the so-called Gaussian type models.

At small distances from a source and low windspeed or in calm weather our formula (1) makes it possible to find the exact solution without any wind speed limitations and in view of diffusion interactions in all directions.

In the equation (1), the vertical component 
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 is the sum of speeds of gravitational subsidence 
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 and vertical movement of air
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.   If 
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= 0, only gravitational subsidence
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 is taken into account. For a heavy impurity at surface absorption
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, infinite borders of integral bounds are substituted for finite ones. To neglect absorption is not meaningful, as at change of 
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 factor concentration can vary an order from that of the basic term. 

A model for estimation of air pollution from industrial sources is created on the basis of the equation (1) at Odessa State Environmental University.  The model was given a name of Model for Local Air Dispersion, MLAD. MLAD uses three-dimensional models of boundary layer atmosphere for calculation of concentration of pollutants in the air under any meteorological conditions and various underlying surfaces.
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CHANGES IN ATMOSPHERIC TRANSPORT AND DEPOSITION PATTERNS DUE TO INFLUENCE OF METROPOLITAN AREAS

Alexander Mahura1, Alexander Baklanov1, Steen Hoe2, Jens H. Sørensen1, Claus Petersen1
[1] Danish Meteorological Institute, Copenhagen, Denmark

[2] Danish Emergency Management Agency, Birkerød, Denmark

In our study, the spatial variability of concentration and deposition fields resulted from hypothetical accidental releases occurred in the metropolitan area is evaluated on an example the urban area of Copenhagen, Denmark. Dependence of these fields on the temporal variability of meteorological variables in the lower surface layer (wind at 10 m and temperature at 2 m fields) was estimated as a function of modified parameters - roughness and anthropogenic heat flux. The modifications were made in the Interaction Soil-Biosphere-Atmosphere (ISBA) land surface scheme of the High Resolution Limited Area Model (HIRLAM) used in simulations.

The HIRLAM research model (with a resolution of 1.4 km) was run with modified land use and climate generation files. The meteorological fields’ simulations were driven using the HIRLAM-S05 model (lower resolution of 5 km) boundary conditions. Several specific dates – low wind conditions, high precipitation, high winds, and typical conditions – were studied in details. The land surface scheme was modified for urban cells represented domain. For each specific date several independent runs were performed for: no modifications in scheme (control run), anthropogenic flux up to 200 W/m2, roughness of 2 m, and both latter combined. Afterwards, the Local Scale Model Chain of the ARGOS system, using modelled meteorological fields by HIRLAM, was employed to simulate the atmospheric transport and deposition of hypothetical accidental releases.

The diurnal cycle of meteorological variables was analyzed comparing (difference fields at each UTC term) outputs from control run with those where changes were made. The differences in concentration and deposition fields resulted from modifications of the land surface scheme were estimated. The impacts of these on the Copenhagen metropolitan area of Denmark and surroundings were evaluated.
THE APPLICATION OF AN IMPROVED MULTI-SCALE COMPUTATIONAL MODELLING TECHNIQUES TO PREDICT FUGITIVE DUST DISPERSION AND DEPOSITION WITHIN AND FROM LARGE SURFACE MINING OPERATIONS

Professor I.S. Lowndes

Department of Chemical and Environmental Engineering

University of Nottingham, Nottingham, UK

Department of Civil, Environmental and Mining Engineering

University of Adelaide, Adelaide, Australia

Abstract

The extraction and processing of minerals from surface mines and quarries can produce significant fugitive emissions as a result of site activities such as blasting, unpaved road haulage, loading, primary crushing and stockpiling. Uncontrolled fugitive dust emissions can present serious environmental, health, safety and operational issues impacting both site personnel and the wider community. Simulation technology is finding increasing use for the purposes of advanced warning of potential problem emissions in addition to providing a basis for future planning applications where demonstrable compliance with regulatory requirements are necessary. The initial re-entrainment and subsequent dispersion of fugitive dust presents a process complicated by the combination of the in pit topography, the surrounding natural topography and the dynamic nature of emissions from these sites. These factors impact upon the accuracy and reliability of the conventional Gaussian plume based computational prediction methods employed for regulatory compliance and IPPC applications. This paper proposes that optimal modelling of open pit emissions may be more accurately achieved by the use of a multi-scale predictive modelling approach utilizing computational fluid dynamic (CFD) methods for high resolution near source dispersion and conventional Gaussian based methods for far field dispersion modelling. 

This paper presents a numerical based flow and dispersion analysis of a typical UK based open pit employing (CFD) in conjunction with a conventional Gaussian plume based methods. Typical operating emissions and meteorological conditions are obtained from long term data records collected at a large operating quarry extraction operation in the UK. Emissions are modelled using a Lagrangian framework within conventional atmospheric boundary layer (ABL) profiles expressed as functions of turbulence and velocity parameters under assumed neutral conditions. To determine the potential long range transport impacts of such pollution episodes the results of these simulations may be interfaced with appropriate meso-scale climate transport models.

MODELLING LONG-RANGE TRANSPORT AND CHEMICAL TRANSFORMATION OF POLLUTANTS IN THE SOUTHERN AFRICA REGION

G.D. Djolov1,  G.D. Fourie2, and J.J. Pienaar3
1University of Pretoria, South Africa
2SASOL Technology Research & Development, South Africa

3North-West University (Potchefstroom Campus), South Africa 
E-mail djolov@up.ac.za
The paper presents the results of long-range atmospheric model developed specifically for the Southern Hemisphere conditions. The model utilizes combined Eulerian-Lagrangian description of the transport and diffusion of pollutants, and incorporates  description of the chemical transformations, dry and wet deposition as well as a calculation of the pH value of precipitation. A unique feature of the model is the use of atmospheric boundary layer dynamics model to account for the major role it plays in the turbulent diffusion process. The validation of the model results with experimental data from the international DEBITS (Deposition of Biogeochemically Important Trace Species) programme confirms its reliability and usefulness in the quantification of environmental problems typical for the region of southern Africa. Concentration and deposition fields of specific pollutants over this region illustrate the main results. The model can be also applied in studying Johannesburg, Cape Town, Durban and other southern Africa megacities pollutants plumes transport and diffusion, which are major reason for unfavorable changes in local, regional and global environmental and climatic conditions.
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Fig.2 ТC10al.“Queasyprognostic”   period duration is 9 days, 


errors are (26), 164, 203, 289, 386, 523, 346, 105, 101, 216 km.





Fig.1 ТC21w.“Queasyprognostic”   period duration is 8 days,


errors are (33), 95, 241, 150, 89, 157, 43, 137, 24 km.








� Difference coefficient is (�EMBED Unknown��� where �EMBED Unknown���– property indices of  recurrence for case study; �EMBED Unknown��� – range of argument values, in which�EMBED Unknown���; �EMBED Unknown��� – range of values, where �EMBED Unknown���.


(A.V. Kolinko. Statistical structure of large-scale oceanological fields at Newfoundland energy testing ground //Meteorology and Hydrology, 1990 .– #8. – pp. 102–107 ) 
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