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This was a new concept of a dedicated analytical system that was created. It was 
going to allow both to make fundamental quantitative analysis and to implement dedicated 
solutions into the existing database system of information on the environment. The system 
had to comply with a number of assumptions, which are going to be described later in this 
article, but its fundamental task was to enable to conduct analysis, often unconventional, 
both in operating regime and in research tasks, which is a diffi cult objective, regarding 
such a vast amount of data.

As an introduction, it must be mentioned that the objective of this kind of research 
is not only collecting data, although it appears an important and necessary task. The 
phenomenon of air pollution is connected with continuous development of a society. Urban 
areas are inhabited by vast number of people and as a consequence industry and transport 
are highly developed. It makes them territories of the most signifi cant degradation of 
natural environment. Pollution emitted this way imposes hazards on people’s health, 
which is a kind of feedback. The costs of development, borne by citizens of these 
urban-industrial areas, should be appropriately minimalized by suitable management of 
environmental protection in a given region, taking into account the protection of social 
environment, as well as natural environment. 

Issues under investigation, represent a new aspect of the use of statistical methods 
and models, often their development. The concept of data quality is closely related with 
modeling and forecasting – it is an interdisciplinary problem.

The development of numerical weather prediction, which has been most fully 
represented by E. Kalnay [15], [16] – one of the leading researchers in numerical 
forecasting – has become transport modeling development natural part. Statistics methods 
and models are integral parts of this development. The beginnings of numerical weather 
prediction are associated with the names of Bjerknes, who in 1904 defi ned the concept 
of forecasting, and Richardson (1922). The pioneers of modern numerical forecasts are 
considered Chaney, von Neumann, Fjørtoft and Eliassen, who in 1950 built the fi rst 
one-day weather forecast, using a numerical model.

The development of pollutant transport modeling proceeded differently. Szepesi 
(1989) distinguishes three phases of development. The years 1920 to 1947, the  fi rst 
phase, were associated primarily with theoretical foundations. In the experimental phase 
(years 1948–1968) a particular attention was paid to the turbulent motion and in-depth 
understanding of the rules governing the spread of pollutants. The modern phase, the 
beginning of which dates back to 1968, is characterized by the development of numerical 
solutions. 

In the last two decades of the twentieth century in the modeling of pollutant transport 
appeared trends towards ever fuller use of available meteorological data and experience 
of the discipline. The result is a signifi cant improvement in both simple models (e.g. 
CALMET, AERMOD) and the development of a comprehensive model, taking into 
account the description of the meteorological and complex chemical and photochemical 
transformations chain (e.g. MM5-EURAD, MC2-AQ, UAM-V, WMF). These models are 
currently used in a wide range of scales, from global (e.g. Canadian GEM-AQ) on the 
scale of agglomeration – mezoscale.

Statistical weather, as a specifi c direction, owe their owes its development mostly 
to MOS model. The origins of MOS models are associated with the names of Howcroft 
(1971) and Glahn and Lowry (1972), who created the base model, “forgotten” for further 





126 PIOTR CZECHOWSKI, ARTUR BADYDA, GRZEGORZ MAJEWSKI

a system of warning forecasts against high concentrations of pollutants, with the use 
of stochastic methodology. It is an informatics implementation into an existing system, 
which monitors conditions of the atmosphere in urban and industrial agglomerations. 
It is a key system for air quality management and ultimately for pollution emission 
control.

The key element of EDM system structure is a subsystem of warning forecasts 
for high concentrations of pollutants, prepared by means of stochastic and exploratory 
methods. The process of constructing the warning forecast model was aimed to be created 
step-by-step, with the key stages being as follows:

1. Analysis of measurement data quality,
2. Creating models in the domain of time,
3. Identifi cation of the model of warning forecast for excessive pollution levels.
The analysis of measurement data quality is carried out in accordance with own 

methodology proposal [4], [5], using robust estimators and being a complex solution for 
this issue. Attention to data quality measurement is an important issue, if not a key one, in 
a system of continuous atmosphere monitoring. Therefore this element was emphasized, 
proposing numerical implementation of both methods used in the European Union, the 
United States [11] as well as own methodology.

Pollution forecast model (short-term, multivariate) is based on principal components 
analysis by Hotteling (PCA). Based on the previous research, the model allowed to 
forecast the atmospheric conditions leading to high concentrations of pollutant from 
two to ten hours in advance [3], [7]. The idea of a system based on the combination of 
meteorological conditions enables to extend it further in a simple, factual way, turning it 
into a fl exible tool for further research and for practical use in the scale of urban-industrial 
agglomerations [20].

Warning system is the key element of emission control in urban-industrial 
agglomerations. Combined with large-scale forecasts of meteorological conditions, it is 
going to allow for decreasing real dangers to people’s health, resulting from pollution. 
Two classes of univariate models in time domain have been used: ARIMA and spectral, 
out of which, as proved by former studies, spectral models are more commonly used.

Another area to use the models in the domain of time in atmosphere pollution analysis 
is interpolation of missing data in measurement results [11], [7]. An argument in favour 
of this statement might be little requirements in terms of numerical implementation (the 
simplicity of implementation and short time needed for calculations). An assumption for 
this kind of models, and at the same time for forecasts received from them, is the inertia 
of the phenomenon, i.e. similarity of interpolated periods to previous periods, taking into 
account the character of the phenomenon (fundamental features, including its spatial 
presentation). Therefore, this approach becomes more advanced compared with simple 
interpolation functions.

The complexity of the proposed project can be noticed in creating an information 
system, whose task is to conduct the forecasting process, starting with the phase of 
measuring data quality assessment, through statistical methods implementation (which 
support analysis in operating mode), and local and mesoscale data integration into 
half-automatic forecasting system.

Flexibility of the system allows for its further extensions through dedicated models, 
which will realize new, currently not included, tasks in the future. 
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System engineering
The system is a dedicated analytical platform, which ‘natively’ uses local data received 
from atmospheric conditions monitoring networks and allows for integrating the data 
with the data from mesoscale systems. It operates in urban-industrial areas using research 
dedicated to environmental protection for air quality management systems.

There were implemented two main dedicated modules based on analytical platform: 
a module for measurement data quality assessment and warning forecasts, whose 
implementation was subsequent to the following studies:

�  A study of methodology for measurement data quality assessment in automatic 
networks monitoring atmospheric conditions in an agglomeration as well as 
extension of previously used proposed methods [11], [6]. It is aimed at supporting 
the process of verifi cation of historical data quality in time, spatial and frequency 
perspective;

�  Creating a system warning against high concentration of pollutants, which allows 
to use local data fully and to integrate them with data from mesoscale models [3], 
[7].

Within detailed aims, supporting users must be mentioned in terms of ensuring the 
following:

(i) appropriate accuracy and precision of the research results,
(ii) appropriate time covering and completeness of measurement series,
(iii) comparability and reproducibility of tests in time and space .

Analytical platform 
The design of the system was based on the assumptions that may be summarized by the 
following:

1)  Flexibility – is realized by integrated IM modules and external EM modules 
– Figure 2,

2)  Stability – realized by assuming that only MS Windows operating system 
mechanisms will be used while programming,

3)  Scalability – external EM modules, DM dedicated modules – Figure 2, 
4)  Convenience for users – both advanced and those who need only a reporting 

tool- realized by user’s interface,
5)  Easy serviceability – the application is programmed in the way that allows user’s 

problems to be identifi ed in the widest and fastest way. 
The analytical platform is the main element of the system. Its task is to integrate 

low-level modules (libraries and mathematical, statistical econometric and procedures) 
with dedicated modules (e.g. measurement data quality analysis). Multilayer structure 
of the application (Fig. 1) enables relatively simple expansion both on the side of 
dedicated external modules, which can be created in any language as classes, using 
EDM system in the function of name space, which contain cohesive environment of 
object system of database management and which make analytical methods available, 
as well as on the side of internal modules such as e.g. a subsystem of conducting 
surveys in the future.

Integrated modules: Spreadsheet, Data, Reports, Results, which can share both 
data streams and calculation results, are, from the user’s point of view, cores of the 
application. 
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Fig. 1. Layers of EDM system application 
Layer 1: Primitives, e.g. Object and Relational Database Management System

Layer 2: Servers, data management system- internal and external communication
Layer 3: Interface of classes for programmers (in the current EDM server version)

Layer 4: Dedicated analytical modules

Fig. 2. EDM system internal structure 

In terms of system operation, the core is an analytical server which in fact manages 
the whole system and shares its own interface (interface of server class) to be used by 
programmers to build external modules. The features which the system is subordinated 
to were taken into account in order to depict the structure of the server precisely from 
a user’s point of view and in terms of objectives. It allows to show the capabilities of the 
analytical platform synthetically.

Methods of outliers identifi cation – characteristics
Previously, data correctness was analysed mainly on the basis of researcher’s experience. 
The person responsible for analysing measurement data, through their own experience 
and information about technical condition of equipment (measuring and transmission), 
manually rejected the incorrect data. This method is effective only for a small number of 
measuring data and a knowledgeable expert. In the case of continuous monitoring in many 
measuring stations, it turns out to be highly ineffective and there are many possibilities 
of making a mistake or overlooking. The increase in the amount of information makes it 
necessary to use quantitative methods.








































