

  applsci-12-03031




applsci-12-03031







Appl. Sci. 2022, 12(6), 3031; doi:10.3390/app12063031




Article



Location Optimisation in the Process of Designing Infrastructure of Point Pollutant Emitters to Meet Specific Environmental Protection Standards



Marcin Majer 1,*[image: Orcid], Piotr M. Dzierwa 2[image: Orcid], Marek Deja 1, Mariusz Herz 1 and Michal Podpora 1[image: Orcid]





1



Department of Computer Science, Opole University of Technology, ul. Proszkowska 76, 45-758 Opole, Poland






2



Institute of Computer Science, University of Opole, ul. Oleska 48, 45-052 Opole, Poland









*



Correspondence: m.majer@po.edu.pl







Academic Editors: Wei-Ling Hsu, Yan-Chyuan Shiau and Hsin-Lung Liu



Received: 15 January 2022 / Accepted: 12 March 2022 / Published: 16 March 2022



Abstract

:

This article addresses the challenge of searching for the optimal location for a newly designed pollutant emitter (new factory or other facility) in relation to the requirements imposed by environmental protection regulations on the concentrations of selected pollutants in a given area, taking into account the currently existing levels of analysed substances. The paper presents the key issues of the dispersion of pollutants in atmospheric air and pollutant dispersion models. The Gaussian model of a plume, based on the Pasquill diffusion equation, is chosen to simulate the dispersion of pollutants in atmospheric air. The key issue within the paper constitutes the research section responsible for using the Monte Carlo global optimisation method in order to find the optimal location. The proposed algorithm is intended to offer measurable and subjective arguments and options to preliminary discussions on choosing a location for new factories, while such discussions choices should be fact-based and ecologically acceptable instead of fulfilling only political or economical goals. The paper is intended to present the need for easily interpretable arguments for discussions and responsible decisions on choosing the lowest-impact location of pollutant emitters to the scientific community.
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1. Introduction


Finding the right location for a new industry site is a challenging problem. Every time, vivid discussion among decision-makers takes various aspects into consideration. This paper is intended to help the scientific staff of those companies/institutions in articulating the need for leveraging the environment-oriented arguments rather than political or economical ones. The paper offers easily interpretable, law-compliant methods, equipped with optimisation for choosing the lowest-impact location.



Brief Introduction to Pollutant Dispersion


The gaseous envelope surrounding the Earth, as well as other planets in the Solar System, is called the atmosphere. The gases contained in the Earth’s atmosphere create atmospheric air. Its permanent components are [1]:




	
molecular nitrogen   N 2   in excess of   78 %  ;



	
oxygen   O 2  , slightly less than   21 %  ;



	
argon   A r  ,   0 , 9 %  ;



	
neon   N e  , helium   H e  , krypton   K r  , xenon   X e  ;



	
hydrogen   H 2  , ozone   O 3   in trace quantities.








The emission of atmospheric air pollution takes place in the lowest layer of the atmosphere—the troposphere [1]. This dependence is crucial because the mechanisms that allow the dispersion are taking place in this particular layer.



The composition of the atmosphere is strictly defined, and any exceeding of the set standard becomes pollution. The pollutants that are emitted into the atmosphere have a destructive impact on human health as well as on the environment [2,3]. However, this occurs not only in the immediate vicinity of emission sources, as the observed effects are global in nature [4]. Any emission is always connected with the process of propagation caused by the circulation of air masses, which is influenced by many factors correlated with the characteristics of the land [5] as well as with meteorological conditions [6,7]. In view of the harmful effects on human health, the most dangerous group are dust particles (named Particulate Matter, PM, in the literature), which, due to their particle size, penetrate deep into the lungs and then are able, like oxygen, to enter the circulatory system. Depending on the particle size, differentiation is made between [8]:




	
PM 10—particulate matter fractions of aerodynamic diameter in the range: (2.5  μ m; 10  μ m);



	
PM 2.5—particulate matter fractions up to 2.5  μ m in diameter;



	
TSP—total suspended particulate matter.








Places from which harmful substances are released into the atmosphere are referred to as sources of pollution:




	
Natural sources, related to the functioning of nature;



	
Man-made sources, related to human activity.








Man-made sources of pollutant emission can be divided into [9,10]:




	
Point sources—the release of pollutants into the atmosphere takes place in a volume much smaller than the considered pollutant transport distance (chimneys [11], ventilation shafts, households);



	
Linear sources—the release of pollutants into the atmosphere takes place along a straight line or curve of a length comparable to the considered pollutant transport distance (roads [12], motorways, open sewage channels). For the purposes of calculation, such an emission may be treated as a set of point sources;



	
Surface sources—the release of pollutants into the atmosphere takes place from a plane, and the dimensions of the plane are comparable to the considered pollutant transport distance (re-emission of pollutants from waters [13], sedimentation tanks, waste dumps);



	
Volumetric sources—the release of pollutants into the atmosphere takes place in a volume of dimensions comparable to the considered transport distance (e.g., volcanic emission [14] including emission from lava and ash clouds).








The process of dispersion of pollutants in atmospheric air is characterised by a description containing complex parameters, which are variable both in time and space [15]. To deal with this class of issues, a number of mathematical and physical models have been developed and are now being applied for decisions related to improving air quality in the light of the developing infrastructure [16].





2. Pollutant Dispersion Models


The process of modelling the dispersion of pollutants in the atmosphere is currently a key issue raised at many levels of research [17,18,19]. This is due to the ever-increasing possibilities to implement models of atmospheric dispersion [5]. They are used increasingly to predict future concentrations of substances likely to have a negative impact on the health of living organisms [2,20] as well as the resulting environmental effects [16]. The number of companies and institutions involved in the development of forecasting models focused on the impact of pollution on the local environment [21] related to the development of industrial infrastructure is constantly increasing [18,19].



For the purpose of these activities, models of atmospheric air pollution dispersion are used [22,23], which are categorised into two main groups:




	
Physical models—developed in laboratory conditions, where the whole process is carried out on the basis of simulation, just like in the real atmosphere. They are the basis for creating mathematical models;



	
Mathematical models—describe chemical processes that take place in the atmosphere using numerical methods—analytically. These are often referred to as deterministic models in which description of phenomena taking place in the atmosphere is conducted using mathematical equations.








It is also possible to draw up a description of these correlations using the relationships presented in (Figure 1).



According to the state administration regulations in Poland, the Pasquill formula [25], which is a Gaussian model, is used to determine the state of air pollution associated with existing or planned emission sources [26]. The Pasquill study contains a simplified gas pollution diffusion equation located in a moving gas medium [25,27].



2.1. Gaussian-Type Models—Old Generation Plumes


The old-generation Gaussian plume models use the traditional description of the intensity of turbulent movements in the atmosphere. There are discreet states of atmosphere equilibrium. The key issues of such models are oriented around:




	
The description of turbulent diffusion, i.e., determination of standard deviations of the distribution of pollutant concentrations in the plume (  σ y   and   σ z  );



	
Determining the effective height of the emitter   H p  ;



	
Determining the average wind speed in the layer of dispersion of pollutants   U  s r   .








These models are usually used to assess the air pollution on a local scale. Their advantage is the simplicity of handling, as well as the ease of access to data necessary to perform calculations. The low complexity of the calculations makes them widely used, despite the numerous limitations of the simplifications adopted.




2.2. New Generation Models with the Gaussian Module


New generation plume models eliminate the traditional description of turbulence structure in the atmosphere—discrete states of equilibrium are replaced by elements based on the use of probability theory related to the parameters of the boundary layer of the atmosphere. This allows a new parameterisation for the turbulent diffusion process. The convective parameters of the boundary layer are used, which include:




	
Surface heat flux   H 0  ;



	
Surface momentum flux   τ 0  ;



	
Thickness of the atmosphere boundary layer   h  b l   .








The parameters listed above are used to determine the following values:




	
Frictional speed   u ∗  ;



	
Monin—Obukhov length scale L;



	
Potential temperature scale   θ ∗  ;



	
Convective speed scale   w ∗  .








Working with this model usually requires access to a more detailed level of information than publicly available. (The data referred to in this paragraph include a set of meteorographic information about the analyzed area as well as coefficients related to the description of the surface of this area. Some of the necessary information can be obtained from meteorological websites or stations or basic terrain maps, but other (e.g., terrain details and coefficients) have to be provided by local/regional government centers). The module enabling the processing of meteorological data into parameters characterising the boundary layer determining the vertical wind turbulence and temperature profiles is referred to as a meteorological preprocessor. It therefore prepares the data used for subsequent calculations.




2.3. Gaussian-Type Models of Segmented Plumes


Models of this type are referred to in the literature as models enabling simulation of the process of dispersion of pollutants in the air under inhomogeneous and non-stationary conditions. In addition to typical segmented and puff models, mixed models are also used as their combination. Their use is mainly limited to the process of simulating the dispersion of pollutants on a regional scale. The main limitation of their use is the relatively complicated construction associated with the need to record a large number of puffs moving in the analysed area, which generates considerable calculation costs.




2.4. Gaussian-Type Model—Pasquill Formula


The starting point for most models of dispersion of pollutants in the air is a differential equation describing turbulence diffusion [25] in the following form:


       ∂ C   ∂ t   + u   ∂ C   ∂ x   + v   ∂ C   ∂ y   + w   ∂ C   ∂ z   =       =  ∂  ∂ x      K x    ∂ C   ∂ x     +  ∂  ∂ y      K y    ∂ C   ∂ y     +  ∂  ∂ z      K z    ∂ C   ∂ z     +  S c      



(1)




where:




	
C—concentration of pollution;



	
t—time;



	
u, v, w—wind speed vector components;



	
x, y, z—coordinates of the location of a point in space;



	
  K x  ,   K y  ,   K z  —components of the atmosphere turbulence diffusion coefficient;



	
  S C  —term describing losses and sources of pollution in the atmosphere.








The solution to Equation (1) can be made using different numerical or analytical methods, but the analytical solution requires a number of simplifications. One of the most frequently used ways of dealing with the discussed problem is to apply the Gaussian formula concerning the propagation of pollution emitted by point-type sources, taking into account the negligence of both spatial and temporal variability of meteorological parameters.


   C  x , y , z   =  E  2 π  U  s r    σ y   σ z    ×  e   −   y 2   2  σ y 2       ×    e   −     z −  H e    2   2  σ z 2       +  e   −     z +  H e    2   2  σ z 2          



(2)




where: C(x,y,z)—concentration of the pollutant at the point(x, y, z). An extremely important transformation is the introduction of empirical dependence of plume dispersion coefficients determining its distance from the source (2). The obtained relation is described in the literature under the name of Pasquill formula [25,28]. Use in analyses of the dispersion of pollutants in the air in accordance with this principle is optimal if the average wind speed,   U  s r   , is greater than   1  m s   . In order to show how the distribution of a plume of pollutants for a point source with continuous emissions fixed over time is analysed, the diagram presented in the following Figure 2 is used.



In Poland, according to the Regulation of the Ministry of the Environment from 5th December 2002, the Gaussian model—the Pasquill formula—is used to determine the state of air pollution for existing or planned sources [26].





3. Optimisation


The optimisation process is a search for a space for possible solutions to the problem in question in order to find the best solution meeting the given criterion [30]. Issues of this kind have dominated in most areas of human life in recent years, and solving them involves the need to know how to obtain appropriate results [31]. The best possible solutions will be formulated as optimal solutions [30]. Optimisation methods are divided into two main classes:




	
Deterministic methods [32], which include the golden-section search, the Fibonacci search technique and square interpolation;



	
Non-deterministic methods [33], which include genetic algorithms, evolutionary algorithms and the Monte Carlo method [34,35,36,37].








For the purpose of this article, the Monte Carlo (MC) method was used for analysis and calculation.



The MC methods are a set of methods using a random element during operation to solve complex and often complicated problems that cannot be solved using an analytical approach. The MC method relies on numerical calculations, while using random variables to transform the numerical issue of the problem into a probabilistic calculation task, leading ultimately to the same result. The MC method can be used wherever the analyzed problem can be described theoretically in terms of stochasticity, (despite the fact that the analyzed problem can be strictly deterministic). An additional advantage of the MC method is the simplicity of operation and the possibility of parallel implementation. Mathematically, the MC method is based on the task of approximating the expected number   E ( X )  , and the random variable X [34,37].


  E  ( X )  =  1  b − a    ∫ a b   f ( x ) d x   



(3)




where:




	
  E ( X )  —expected value;



	
  f ( x )  —linear function,;



	
a, b—interval boundaries.








Taking into account the law of large numbers, it can be assumed that with a relatively large value of n, when the probability is close to 1, the expected value of   E ( X )   can be approximated to the average   ( X )  :


  E  ( X )   →  n → ∞    1 n   ∑  i = 1  n   x i   



(4)




where:




	
n—number of simulations.








Summarising the above dependencies, using a sufficiently high number of simulations, this method allows one to obtain a solution that is average. The use of the MC method is possible wherever a similarity can be found between the target and the presumed behaviour. What distinguishes this optimisation method from the others is the fact that it can be used in any arrangement for which it is possible to formulate the problem in such a way that random elements can lead to a correct result. To sum up, the MC method can be applied in many areas of everyday life [34], mainly in Information Technology, Physics, Economics, Management, as well as in Medicine [38] and other branches of science [35].




4. Identification of the Research Problem


The research problem is identified by creating a computer application that can be used to solve the task of optimal distribution of point pollutant emitters in a specific area [4], while meeting the requirements imposed by environmental regulations. In order to implement the solution to the assumed task, a program was developed to simulate the process of dispersion of pollutants in the air based on the Pasquill plume model, used in Poland in accordance with the recommendations of the Ministry of the Environment when issuing permits for levels of emission of harmful substances into the atmosphere. It has also become necessary to create maps of the area covered by the calculations in such a way as to allow the use of real land cover parameters together with the values of existing pollution. The area of the Opole County together with the city of Opole was used as the example research area. The data took into account the values of the land roughness coefficient and real pollutants, and the calculation grid interval limited to l00 m ensured appropriate precision of the results obtained. The value of the roughness coefficient for the city of Opole, due to the number of inhabitants (in the range of 100,000–150,000), was set at Level 3. The analysis was limited to the concentration of PM 10. It is worth noting that the above method can be used both for gaseous and particulate pollution of other parameters.




5. Implementation of the Methods and Algorithms Used


In order to calculate the values of pollutants in the air, it is necessary to collect a series of input data. The scope and range of meteorological data was limited to a 30-day period, taking into account both day and night measurements. The data were collected for the grid described within the documentation for the voivodeship area, in order to enter data easily into the computational model. Detailed analysis of results for the area is beyond the scope of this paper, therefore the meteorological condition’s variability resulting from different seasons, the time of year, unexpected situations, anomalies or particular weather conditions was not considered.



5.1. Meteorological Data


The necessary meteorological data [16] include:




	
The wind speed measured at the anemometer height;



	
The average air temperature during the calculation period;



	
The atmosphere equilibrium state.








According to the classification of the atmosphere equilibrium state, there are six stability classes. They correspond to the assigned wind speed ranges Table 1. In case of a stable equilibrium—6 (F) and invariability of other factors influencing dispersion, the pollutant plume remains the longest. In a highly unstable equilibrium—1 (A) the length of the streak is the smallest.




5.2. Receptor Location


The model used requires a description of the exact location of the receptor at the entrance. It involves an introduction of:




	
The distance from the emitter (in the axis parallel to the wind direction)—x [m];



	
The distance from the emitter (in the axis perpendicular to the wind direction)—y [m];



	
The height for which the concentration of the substance is determined—z [m].









5.3. Aerodynamic Roughness Length   Z 0  


Where dispersion takes place in an area with varying topography or height of cover, the degree of intensity of turbulence movements changes. This is due to the varying friction between the surface of the area and the air flowing over it. This relationship is determined by the aerodynamic roughness length   Z 0   (see Table 2).



The aerodynamic roughness coefficient   Z 0   is a rough generalization, however while it is mentioned and defined in the law [40], using it makes it easier for the results to be accepted by the authorities—it is calculated according to the law. Of course some countries other than Poland may also use other pollutant dispersion models, including Lagrangian particle dispersion models [41], (which seem to give slightly more accurate results [41]), however the authors needed to emphasize the national law-compliant approach.




5.4. Technical Parameters of the Emitter


Each emitter taken into account in the model under consideration should be described with parameters:




	
c height of the emitter calculated from ground level—h [m];



	
Internal diameter of the emitter outlet—d [m];



	
Speed of the substance at the emitter outlet—v [m/s];



	
Temperature of the substance at the emitter outlet—T [K];



	
Maximum substance emission—E [mg/s].








It is also possible to convert the parameters into emitters with rectangular outlets. The above parameters constitute the set of input data necessary to implement the Pasquill formula. In addition, calculation constants depending on the atmosphere equilibrium factor are also used. The applied algorithm is used to simulate the real process of dispersion of pollutants in the atmosphere. The output data are values of one-hourly concentrations of particulate matter at user-specified distances from the emitter (x, y, z).



For the purpose of applying the optimisation process, it was indispensable to develop maps of the studied area. With the use of QGIS desktop 2.10.18 (multi-platform, user-friendly, free geoinformation program), a model of maps was created according to the assumptions of proper representation of distances in the field. The next step was to move the maps to AutoCAD, where the coordinate grids were superimposed, and individual points with specific   Z 0  -grid values were extracted. As a result of the transformations made, the values of the existing pollution background and   Z 0   values for individual coordinates were transferred to the text file. The data set, which contained the area of the Opolskie Province, necessary to create the map, was made available on the basis of license number DRP-IV.7522.1.132.2016.JST_16_N by the Marshal of the Opolskie Province.




5.5. Implementation of the Solution, the Posed Optimisation Problem


The task of optimisation was to find and indicate the optimal location of a potential emitter in the area under consideration. The area covered by the research was defined as the Opole County together with the city of Opole, with a territorial assumption consistent with the maps allowed by the licence. The program (Figure 3) developed uses the MC optimisation methods, the calculations of which are based on the Pasquill plume dispersion model.



In the first step, the prepared application downloads technical parameters of the emitter and meteorological data, then a text file containing coordinates of x and y points, as well as the assigned values of the   Z 0   land roughness length and the state of the existing pollution concentration. According to the MC optimisation method used, the coordinates from among those stored in the file are drawn using a pseudo-random number generator [42]. In the next step, the calculation is carried out using the chosen dispersion model. Their concentrations are calculated for each point in the area exposed to the emitter. Then, at the points of the grid which have been considered, the concentrations found in the obtained values are added. The next step is to compare them with the standard set at 50  μ g/m   3  . Yet another step is to calculate a coefficient which is the ratio of the number of points in the area in question where the standard was not exceeded to the number of all points. Obtaining a value of 1 for the calculated coefficient indicates that placing the emitter in this particular location will not cause the concentration standards to be exceeded in any of the points of the verified area. Obtaining a different value means that the emission levels are exceeded, and the search for a location is being continued in another iteration. After completion of the above calculation stage, the next potential location of the emitter is processed. It is possible to adjust the number of draws (analysed locations) in order to increase the accuracy of the algorithm, unfortunately this causes a rapid increase in calculation time. If it turns out that it is not possible to meet the assumed emission criteria at any point in the area, the algorithm returns the coordinates of the location of the emitter that will have the least negative impact on the natural environment. As a result, the algorithm returns the coordinates of the optimal location within the area of emission concerned, where the coefficient (the ratio of “points with the pollution standard not exceeded” to “all points in the area under consideration”), which is a value in the range 〈0–1〉, is the highest. If there is a need for a deeper understanding and possible application of the discussed algorithm, it is possible to contact the authors of the paper directly for consultation, as well as to obtain additional tips that may explain the details of the design and implementation.





6. Exemplary Run Results of the Optimisation System


In order to illustrate and present the plume dispersion characteristics for the assumed input data, a diagram of the relation of S concentrations to the distance from the emitter x, was prepared, resulting from an algorithm using the Pasquill formula (Figure 4), (where S represents any emitted pollutant’s concentration—for chosen pollutant type, for example particulate matter).



The received data are used directly in the further part of the calculation algorithm to solve the optimisation task set.



On the basis of the data received, generated by the program, an optimal location of the source of pollution was determined, which is illustrated in Figure 5. The figure describes the location of the emitter in the area under examination together with a representation of the plume dispersion range. The colours describe the relevant concentration dispersion values at points: yellow up to 0.01  μ g/m   3  , orange from 0.02 to 0.1  μ g/m   3  , red above 0.1  μ g/m   3  .



However, taking into account existing standards related to environmental protection, the concentration values depicted in Figure 5 are already exceeded, even for the calculated optimal locations. It should therefore be presumed that no new potential emitter location can be added, for which the PM 10 limits would be met.



Note: Particular technical details of parameters and settings are not included within the paper, while they would overshadow and shift the contents away from the key issue: the importance of non-political choice of location, and the possibility to optimize/automate the search for the optimal location by using the MC method. If the reader is interested in a discussion of the more technical aspects, the authors encourage the reader to contact them directly.




7. Summary and Conclusions


The primary objective set by the authors of the article was to create a system that would solve the task of choosing the optimal location of the emitter of pollutants in a specific area in order to meet the prerequisites set by environmental protection standards and minimise the environmental impact. In the first step, a program was created to simulate the process of propagation of pollutants in the atmosphere, based on a plume model called the Pasquill model, which is commonly used in Poland for analysis of the emission of harmful substances into the atmosphere. The same model is being used for evaluation when issuing permits for the location of potential emitters by the Ministry of Environment of the Republic of Poland. The next step was to prepare maps of the analysed area in order to be able to use the actual land coverage data as well as the existing pollution background in the created application. The study included values of the aerodynamic roughness length   Z 0  , as well as the existing pollutant concentration. The appropriate accuracy of the results obtained was guaranteed by using a calculation grid with an interval of 100 m. Particulate matter PM 10 was used as the investigated pollutant. It is worth mentioning, however, that the developed system can be used not only for various dust pollutants, but also for gaseous pollutants. The plume dispersion model used contains limitations and simplifications, but is sufficiently able to carry out calculations on a local scale.



The research problem was accomplished in accordance with all the assumptions made. On the basis of the input data, such as technical parameters of the emitter and meteorological data, a simulation of the pollution dispersion from the planned emitter location was carried out.



The results of the work can form the basis for extensive development of the designed system, with the possibility of extending its functionality and applications. The only limitation is the range of the area, which requires preparing the necessary maps and their analysis, including terrain and background information. By implementing the pollution propagation model, recommended in this case by the Ministry of Environment of the Republic of Poland, and by performing the necessary analyses and calculations with the introduction of real field data, as well as by taking into account the current legal norms of emission in the country, it can be concluded that the developed system can be successfully used when searching for appropriate locations for planned projects related to the emission of pollutants.



In the future, the authors plan to investigate the applicability of granulation-based rough methods for vague knowledge search algorithmisation [43], and compare their results and performance with the presented MC-based approach.



It is important to mention that the relevance of the content raised within this publication resulted in a project implemented under the Intelligent Development Operational Programme, 2014–2020, Priority axis II: Support for the environment and potential of enterprises to conduct R&D&I activity, Measure 2.3 Pro-innovative services for enterprises, Sub-measure 2.3.2 Innovation vouchers for SMEs. The project was implemented by the Opole University of Technology in cooperation with Atmoterm S.A. in 2018. The purpose of the project was to carry out a task called “The use of Large Eddy Simulation (LES) to analyse the state of city ventilation”. While this research project ended in 2018, the paper was not financed by this project.
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Figure 1. Classification of models of pollutant dispersion in atmospheric air (own work, based upon [24]). 
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Figure 2. The parameters of the Gaussian plume model: E—intensity of pollutant emission from the source, d—internal diameter of the emitter outlet,   T g  ,   v g  —temperature and speed of the gases at the outlet of the emitter,   H e  —effective height of emission, h—geometric height of the emitter,   Δ h  —elevation of the gas plume, u—wind speed,   σ y  ,   σ z  —standard deviations of the distribution of pollutant concentrations in the plume in horizontal and vertical directions, respectively [29]. 
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Figure 3. Block diagram describing how the application works. 
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Figure 4. Dependence of the distribution of the emitted S pollutant concentrations at distance x from the emitter. 
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Figure 5. Optimal location of the source of pollution with the range of the plume dispersion. 






Figure 5. Optimal location of the source of pollution with the range of the plume dispersion.



[image: Applsci 12 03031 g005]







[image: Table] 





Table 1. Wind speed ranges assigned to atmospheric equilibrium states according to the classification of the IMWM [29,39].
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	Atmosphere Equilibrium State ATM
	Wind Speed Component Range [m/s]





	Strongly unstable—1 (A)
	1–3



	Unstable—2 (B)
	1–5



	Slightly unstable—3 (C)
	1–8



	Neutral—4 (D)
	1–11



	Slightly stable—5 (E)
	1–5



	Stable—6 (F)
	1–4
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Table 2. Values of the aerodynamic roughness length   Z 0   [40].
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	No
	Type of Land Cover
	Length    Z 0   





	1.
	Water
	0.00008



	2.
	Meadows, pastures
	0.02



	3.
	Cropland
	0.035



	4.
	Orchards, bushes, spinneys
	0.4



	5.
	Forests
	2.0



	6.
	Compact rural development
	0.5



	7.
	City of up to 10 thousand inhabitants
	1.0



	8.
	City of 10 to 100 thousand inhabitants
	



	8.1.
	-low buildings
	0.5



	8.2.
	-average buildings
	2.0



	9.
	City of 100 to 500 thousand inhabitants
	



	9.1.
	-low buildings
	0.5



	9.2.
	-average buildings
	2.0



	9.3.
	-high buildings
	3.0



	10.
	City of more than 500 thousand inhabitants
	



	10.1.
	- low buildings
	0.5



	10.2.
	-average buildings
	2.0



	10.3.
	-high buildings
	5.0
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