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ONLINE SERVERS APPLICATION FOR MATHEMATICAL AND COMPUTER MODELLING OF SPREAD OF HARMFUL SUBSTANCES IN THE ATMOSPHERE 
Sulaymonova D.B., Rasulev A.A.
The article presents the mathematical model of the spread of harmful substances in the atmosphere, taking into account climatic factors and the terrain. There was described an approach to program implementation of the model and numerical algorithm based on use of «Google Maps» and «OpenWeatherMap» online servers. 
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В статье представлена математическая модель распространения вредных веществ в атмосфере с учетом климатических факторов и рельефа местности. Описан подход к программной реализации модели и численного алгоритма, основанного на использовании «Google Maps» и «OpenWeatherMap» онлайн-серверов. 
Ключевые слова: математическая модель, численный алгоритм, распространение загрязнителей, атмосфера, программное обеспечение, API. 
Мақолада иқлим омиллари ва ер сатхи рельефи ҳисобга олингандаги зарарли моддаларнинг атмосферага тарқалиши математик модели тақдим этилган. «Google Maps» ва «OpenWeatherMap» онлайн-серверларидан фойдаланишга асосланган моделнинг дастурий татбиқи ва сонли алгоритми ёритиб берилган. 
Таянч иборалар: математик модел, сонли алгоритм, ифлослантирувчиларнинг тарқалиши, атмосфера, дастурий таъминот, API.
Introduction

Ecology of the atmospheric surface layer significantly affects the Earth’s nature. Harmful emissions have a negative impact on air quality. The subsequent deposition of harmful particles and impurities on the underlying surface attracts water and soil pollution. Such disruption of the ecological balance causes number of problems, including the degradation of agricultural lands, wild nature and population health.

Considering the importance of the atmospheric surface layer’s ecology issue, it is a common practice around the world to organize public services of air pollution control. These services automatically measure the concentration of various substances in the air for evaluating the negative effect of harmful emissions. The measurement results reflect the actual state of the atmosphere. However, such information is only ascertains the effects of pollution, therewith, it is valid only for places of measurement and does not allow to evaluate the state of the atmosphere above surrounding areas.

To identify the level of contamination at an arbitrary point of the region without measurement, specialists and researchers are turning to mathematical modelling and computational experiments. Taking into account the geographical and climatic characteristics of the region, computer modelling allows us to monitor the environmental situation in real time, as well as to predict a hypothetical situation, for example, the consequences of the construction of a new industrial facility. Prediction results, in turn, make it possible to determine in advance the necessary measures for minimizing potential environmental risks.

Related Works

There are numerous studies conducted in this scientific area. Many researchers worldwide have already obtained significant theoretical and applied results.

Reference [1] shows the carried study on the basis of the regional model of the process of substances diffusion described by hydro-thermodynamic equation – the equation of molecular heat conduction in the active layer of the soil and the atmosphere, taking into account the heat balance of the underlying surface (water, earth). This comprehensive mathematical model consists separate blocks, each of them is a mathematical model that describes the hydro-thermodynamic processes in separate environmental objects. The authors examined the environmental problems related to the distribution of pollutants from known sources and determined the probable location of the source in an aquatic environment.

The process of spread of harmful substances in the atmosphere, taking into account different climatic factors and external disturbances was given in [2]. The authors examined the transfer of pollutants from the source based on the advection of pollutants in the average air flow, mixing of pollutants by atmospheric turbulence and mass diffusion. The studied process was considered with a variety of physical and mathematical aspects related to the transport and diffusion of pollutants in the atmospheric surface layer when there are weak and strong winds.

The question of mathematical modelling of pollutants spread in aquatic environment induces certain interest. In [3] there was considered the process of spread of harmful substances into the environment, which had been modeled as a set of four simple models: overland water flow, seepage, pollutants transport by runoff and deposition of pollutants (accumulation) on the ground. The developed mathematical model of transport and diffusion of pollutants in the atmosphere rests on the diffusion equation with additional terms in the right side, which takes into account the influence of topography, lithologic structure of the territory and the intensity of pollution on the absorption rate of the surface of earth.

In [4] was studied the dispersion and diffusion of active primary pollutants emitted from eleated line sources into stable atmospheric boundary layer with generalized wind speed and quadratic function of the vertical height. For this statement there was obtained an exact solution using Laplace transform for linear sources in the atmospheric boundary layer. It took into account the chemical reaction that occurs as a result of interaction with the air mass, as well as the conversion of gaseous pollutants into the solid particles and their deposition on the surface of underlying area.

In order to monitoring of the atmospheric boundary layer in [5-7] authors developed a mathematical model, numerical algorithms and software for solving the problem of multi-component air movement taking into account the transfer and diffusion of pollutants in the atmosphere, changes of  atmosphere’s thermal regime, the phase transition, and the vegetation cover  influence.

The analysis of source literature showed that authors did not considered the process of multicomponent harmful substances transport and diffusion in the atmosphere as three-dimensional statement, where a significant role is played by the real speed of the air mass in three directions  , the terrain of considered industrial region, the heat exchange between the liquid and gaseous phases, the state of their density and temperature, which is varying in days and seasons, etc.

It should also be noted that many authors assumed that the transfer and diffusion of harmful substances emitted from industrial facilities, does not reach the boundaries of considered area and there is no inflow of harmful substances through the boundaries. In this paper, certain efforts have been made to fill this gap.

Problem Statement

Talking about the software implementation of the developed mathematical models and algorithms, it is possible to note the following. There is a wide variety of specialized software for solving considered problem. However, the ready to use software solutions are not always flexible enough for research process, when researcher repeatedly modifies developed models, experiments with their parameters and input data. In general, researchers create their own programs and form the necessary information provision, partially using the third-party software.

Only recently, the creation of software and information support for study, monitoring and prediction of the spread of harmful emissions in the atmosphere was non-trivial objective. Today, when cartography and meteorology, in fact, turned into a sub-branch of the IT industry, this problem is greatly simplified. Such change is mainly contributed to the rapid growth of the number of sensors recording natural phenomena and determining spatial data: meteo satellites, home weather stations, weather sensors in portable devises and personal GPS trackers etc. Monopoly of state organizations in the collection, processing and delivery of geographic and meteorological data is being phased out. There are dozens of IT companies, collecting and processing such data, not only from official stations and satellites, but also form millions of users of electronic devices. These companies not only provide the end user information online, but also the different APIs and structured data for developers to construct their own information systems.

Based on the foregoing, the aim of this work is to develop a mathematical model, numerical algorithm and software for solving the problem of transfer and diffusion of aerosol emissions in the atmospheric boundary layer.
Let us consider the problem of transport and diffusion of pollutants in the atmosphere, which is described by overall equation of fluid mechanics with appropriate initial and boundary conditions [8-13]:
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Here 
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 – concentration of harmful substances in the atmosphere; 
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 – initial concentration of harmful substances in the atmosphere; 
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 – coordinates; 
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 – wind speed in three directions; 
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 – speed of the particle deposition; 
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 – coefficient of absorption of harmful in the atmosphere; 
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 – coefficients of diffusion and turbulence; 
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 – Dirac function; 
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 – harmful substances emitters. Parameters 
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 in (3)-(6) depend to the problem statement and can be equal either 0 or 1.

The solution assumes a finding 
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 - the amount of substance that propagates in time and in three directions. In this case, the mathematical model contains a parameter 
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 that takes into account the terrain orography.
Features of developing application which implements the model (1)-(8) include: automatic load and positioning of the geo map; import of spatial data; interactive data entry about pollutants emitters; automatic loading of weather conditions (wind speed and direction) by geographical coordinates of considered region; calculation of the concentration of harmful substances in the atmosphere within problem solving area; visualization of calculated results as a semitransparent layer on the interactive map and as the chart widgets; preservation of the history of computing experiments in the database.
Solving Approach

To solve the problem (1)-(8), we used the finite difference method based on the replacement of the solution area by discrete analog and on the approximation of a differential operator by difference operators [14].

Here we propose an approach to software implementation of developed model and numerical algorithms for the prediction of the spread of harmful emissions in the atmosphere, based on the use of online services such as Google Maps and OpenWeatherMap.

Google Maps – is a map service that developers can use as a basis for their own web apps with their own geodata. Using the Google Maps API allows us to include any available map in own application and to manipulate the map by JavaScript, for example, adding the location markers, zooming etc.

OpenWeatherMap – is an online service that provides developers with an API to access current weather data and short-term forecasts. All weather data can be obtained in JSON, XML or HTML formats. The weather information is updated every ten minutes. OpenWeatherMap’s geocoding system allows to determine the weather conditions by the name of the city or the country, by postal code, by latitude and longitude. Available weather maps can be attached as layers for different geo maps, including Google Maps.

As the programming technology we have chosen Java because of its many advantages, including full support for web-oriented development huge amount of different libraries. In particular, we have used GWT-Maps library and OWM JAPI. It should be noted, that GWT-Maps library is intended for use within Google Web Toolkit, the main feature of which is the compilation of pure Java into JavaScript. Thus, when using the Google Maps, no need to write code in two different programming languages.

It should be noted that the mentioned online services still impose certain restrictions on data access. For example, 
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 calculation requires an extensive array of elevation data for every point of the solution area. Meanwhile, Google API allows elevation dataset query only as a certain path between two end points. Even this case, the service uses interpolation and returns the averaged values between each four neighbor points.

To operate the exact elevation values while calculating, it was decided to use SRTM data, the fourth generation of which is available on CGIAR-CSI geoportal. Each pixel of SRTM raster image contains latitude and longitude coordinates, as well as the altitude above sea level in meters. Raster resolution is 90 m (3 angular seconds), and each mosaic tile has a size of 5x5 degrees. The essence of this approach is as follows. A rectangular grid (area) of geographic coordinates on the interactive map, in the nodes of which we calculate 
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 values, is matched to the same fragment of SRTM raster (Fig. 1). Thus, during calculation for each node of the grid the height parameter 
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 can take accurate values. In addition, the local use of SRTM files greatly reduces the computation time in comparison with the situation when elevation data is retrieved from a remote source through a network.
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A) the map of Akhangaran-Almalyk-Angren industrial region with the coordinates of the center: 40,92º N, 69,71º E
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B) the appropriate SRTM mosaic fragment indicating the altitude in meters for each point of the area

Figure 1. A) the map of Akhangaran-Almalyk-Angren industrial region with the coordinates of the center: 40,92º N, 69,71º E; B) the appropriate SRTM mosaic fragment indicating the altitude in meters for each point of the area
Once the emitter marker was placed on the interactive map and its parameters were inputted, it is necessary to determine the current weather conditions for considered area. OWM JAPI library for OpenWeatherMap allow us to obtain weather data automatically by the coordinates of emitter marker placed on the map.

This library is well documented and very easy to use. In fact, the import of current weather data requires only 3-5 lines of code. First, we create an object of class «OpenWeatherMap», and then an object of «CurrentWeather» class whose members can be initialized by «currentWeatherByCoordinates» method. This method takes as arguments the latitude and longitude coordinates. For example, the extraction of wind direction and speed is shown by the following code fragment.
OpenWeatherMap owm = new OpenWeatherMap("");

CurrentWeather cw = owm.currentWeatherByCoordinates(40,92, 69,71);

Double windDirection = cw.getWindInstance().getWindDegree();

Double windSpeed = cw.getWindInstance().getWindSpeed();
While calculating the velocity of air mass movement 
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 in directions 
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 we also took into account: the pressure gradient both vertically and horizontally, the Coriolis force, the radiant heat flux and the heat flux due to the phase transitions of water vapor, the influx of moist air in the atmosphere. Necessary weather data such as pressure, temperature, humidity, etc. is extracted in an analogous manner to the above.

For the purpose of clarity, corresponding weather map can be connected as a layer to opened Google Maps area. The weather data on connected layer is displayed by icons and overlays, including current weather, pressure, cloud forecast, precipitation forecast, weather stations information.

Google Maps API provides opportunities for visualization of calculated results. One of them is a heatmap visualization library that describes the data intensity on geographical locations. The result of the developed algorithm is an array of pollutant concentration values 
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 at each point of emission spread area. Heatmap visualization library allows us to converted obtained array into a color gradient, which is displayed on the map as a semitransparent layer (Fig. 2).
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Figure 2. Visualization of the calculated results of the pollutants’ concentration in the atmospheric boundary layer

Conclusion

Thus, using considered online services we developed a preliminary version of web application for the study, monitoring and forecasting of harmful emissions spread in the atmospheric boundary layer. The used APIs have continuous improvement, active support and comprehensive documentation that much ease to develop own software. Thus, the described approach to software development is fully justified.
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