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Mapping air pollution by means of the program ArcGIS 10

This article is devoted to modelling of contamination of air medium of industrial center evolve three phylum
of sources of influence: the industrial enterprises, motor transport and private sector. In this article process of
mapping of contamination of air basin by the industrial exhausts, leading the greatest contribution to contam-
ination of city air is described on the example Karaganda. Exhausts from the industrial enterprises are consid-
ered as set of point sources, each of which has the characteristics on frame and volumes of exhausts.Ahe cho-
sen mathematical model calculating diffusion of pollutants in atmosphere is based on use of the ¢quation of
conduction. Prevalence of pollution for enterprise limits is predicted. The Gauss model is used at calculation
of dispersion of admixtures in the conditions of local weather conditions. The forecast of volumegef coneen-
tration of contaminants in a ground layer of a free air is carried out.

Key words: ecology, cartography, atmosphere, city, industry, mathematical model, program ArcGIS 10, con-
tamination of municipal air, relief, landscape.

In this article is determined one of the methods of ecological mapping of acrial‘€ontamination Karagan-
da-Temirtau industrial regions. Atmosphere as is characterized the most dynamical'medium by complex ex-
istential dynamics of levels of impurity level. In this connection for exposure‘€ontaminations in such dynam-
ic medium in yielded article are used a mathematical model ©of Gauss. It is revealed that the mathematical
model spread disperse particles is one of most convenient mathematicalimodels for calculation of contamina-
tion depending on distance, having shown good efficacy and gimpligity in calculations.

Environmental conditions, which worsens with each decade, of‘the active industrial activity of the per-
son makes, look for more and more committed by methodsf @bservation of environmental surround.

Human's need to control of ecological environmientthas‘led to the development of the new major direc-
tion of thematic cartography- environmental mapping. A variety of thematic content of environmental cards
due to the area of their practical application (bielagicalpgéological, medical, social science, etc.) [1]. For the
environmental mapping of interest are objects, the Tole of the environment for which plays a geographical
shell of the Earth- complex multicomponent system), each component of which is determinant of form and
the state of all other components, as th€y“ase all interdependent and interact with each other. Therefore, one
of the fixed assets in the graphical modeling of the natural environment for the problem solving the regulated
nature is the environmental mapping.

The atmosphere as the mest dynamic environment is characterized by a complex space- time dynamics
of the levels of the contentfof impurities. In each given time the level of contamination of the atmosphere
over a certain territory okin one of /another point is determined by the balance on individual parameters so-
and their aggregate. Infa baseyof'the balance are [2, 3]:

—receipt of pellutants from the aggregate anthropogenic and natural sources within the considered the

territory;

—receipt ofypollutants from sources of outside the considered the territory, including remote(far the

transfer);

= the \fermation of pollutants as a result of the secondary chemical processes in the most atmosphere.

In the'expenditure balance are:

£take- out of pollutants beyond the considered the territory;

— deposition of pollutants on the earth surface;

=<ithe destruction of pollutants as a result of processes of self- cleaning.

Mapping sources of air pollution is carried out on the basis of data inventories, statistical reporting vol-
umes of emissions and generalizing materials. These inventories get in the development of materials of envi-
ronmental regulation on the general plans of enterprises in the scale 1: 500 — 1: 5000. At the same time is
shown planned the position of emission sources included in the inventory, and their numbers through the list.
Characteristics of sources (name, the specific emissions of individual corpuscles in g/s, operating mode
source) is given in the table materials and is used for calculations of the scattering of the maximum one- time
of emissions.
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At mapping of contamination of air medium, there is a necessity of fast processing of a considerable
quantity of the various information. Depending on degree of complexity of a mathematical model applied,
thus the quantity of input parameters can strongly be varied. Attraction of more exact models involves intro-
duction of new phylum of the data. Use of tools modern GIS allow to computerize processing of the neces-
sary initial information and to receive results with the high existential permission [4].

Generally all initial data for mapping of contamination of air basin of an industrial city can be broken
into three basic phylum:

—the data on frame and volumes of exhausts, phylum and properties of sources of the contamination

adhered to a card;

—the data on conditions of diffusion the contaminations including the meteorological data, boundary

conditions for meteorological fields;

— the data about a relief and properties of a spreading surface over which there is a cofitamination con-

duction (a roughness, albedo, etc.).

All process of building of cards of contamination with use of GIS-TECHNOLOGIES can‘be broken in-
to some stages.

At the first stage the cartographical basis is prepared. It represents a panel of thematic beds which, first,
contain the initial information for modelling (a locating of sources of contaminatién, the relief, a landscape),
secondly, reflect the information necessary for the analysis of results and receptioft of'a definitive card of
contamination. At this stage the dimensions of area corresponding to a task in view'areddefined. The database
on contamination sources is prepared. The binding of the data to a card is‘thantfaetured.

The second stage includes direct preparation for modelling, As the data,about meteorological fields, a
relief and properties of a spreading surface represents impure sizes @n space, for numerical modelling of con-
tamination which is made, as a rule, on some regular grid, continuous‘en space the data of this kind is led to
a discrete kind. For this purpose the necessary informations réprésented in a kind of grid — that (grid)
which receive as a result of processing of initial vector beds. Afithis'stage of preparation of the data the mod-
ern tools, GIS are involved, allowing the computerizing processes‘of transformation and generalization of the
pristine information on a card.

The third, the closing stage, includes carryinglout ofl calculations on model. The calculated fields of
concentration of pollutants are represented in_askind“of grids. At this stage finish machining of results and
reception of cards of an assessment or the contaminationferecast is manufactured.

At modelling of contamination of aigfmedium of industrial center evolve three phylum of sources of in-
fluence: the industrial enterprises, moter transport and a private sector. In yielded article, on an example Ka-
raganda, process of mapping of conta@minationyof air basin by the industrial exhausts leading the greatest con-
tribution to contamination of cityair|is‘described. Exhausts from the industrial enterprises are considered as
set of point sources, each of whichyhas the characteristics on frame and volumes of exhausts. The chosen
mathematical model calculating diffusion of pollutants in atmosphere is based on use of the equation of con-
duction.

On an incipient tate ofypreparation for work was it is taken satellite image in scale 1:500 000, Kara-
ganda-Temirtau ofsan ‘industrial zone. For an assessment of degree of contamination of air basin generally it
was necessary tefreceive following thematic beds:

1) the riversjand reservoirs (area) — a theme including polygonal aqueous objects;

2) thefrivers (line) — a linear theme where linear objects in scales of investigated terrain represent the
smalhriversStreams and canals;

3)a greemsfegion — the polygonal theme including in the form of objects gardens, woods, parks;

4) moors — representative enough polygonal theme for vicinities of Barnaul on which suburb the river
Ob.with sets a duct proceeds;

) horizontals of heights — the polylines displaying the information on a relief;

6) city quarters the polygonal theme representing either inhabited, or industrial quarters of a city;

7) separate constitutions — set of the small polygons describing settlements, summer residences and
other leaky buildings;

8) roads — the linear theme, which objects are either the railways, or highways of a various category
having various phylum of a road coating.

As a result of numbering and the subsequent transformation of co-ordinates the basic panel of thematic
beds in geographical co-ordinates on area (a square with the side of 30 km), covering region and its vicinities
has been received.
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As the initial information on contamination sources was the joint-stock company database of «Arselor
Mitall» is taken. On each source of contamination, there was an information on diameter and tube height,
volumes, speeds, temperature and chemical composition of exhausts [5—6]. After a binding of base to a used
card the additional point coating which objects corresponded to a site of industrial tubes has been received.

In offered work the mathematical model of Gauss is used (Fig. 1). This formula:

_ Q 1 y2 ZZ
x(x,y,z) =————exp|——| —5+—5 ||
20,0, U 20, o,
where x — Centre concentration of contamination in points (X, y, z); O — Vigour of exhaust r/c; U eed

of a wind of km/s; V' — direct diffusion; K — conversion factor=1*106; o,, a 0. — deviation _across\and

verticals; Us — speed of a wind at exhausts, km/s.
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Figure 2. Gaussian Dispersion Model Calculator
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Now the calculated data transfer to the card:
1. A basic set of layers Karaganda Temirtau industrial area (Fig. 3).
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Figure 3. A basic set of layers

2. As the contamination of the object was taken, the company
source shown by symbols [7, 8].(Fig. 4).
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Figure 5. Distance calculation
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4. After entering data through a special program we get sample data of the pollution distribu-
tion (Fig. 6) [9, 10]:
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Figure 6. The calculation of the pollution distribution ji 1,1

And results (see Table).
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7. As a result of combining all ata we obtain a map of air pollution (Fig. 7).
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Figure 7. Air pollution map

The proposed technology mapping showed its practical effectiveness, and can be used for various tasks
estimation of anthropogenic impacts on the environment.
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C.A.Tamkanos, 1.0 CelTKanueB

ApkI'MC 10 6arfapiamMachbl kKeMeriMeH
aTMoc(depaHbIH JACEAHYBIH KapTOorpadusiay

Maxanazna ArcGIS 10 OarnapiamacbL@H i piCTilGOPTIBIKTE KapTorpadusiay Ke3iHae yII acep eTy Ke3iepiH
afKbIHAANIBI: OHIIPICTIK MeKeMENep, haBTOKONIIK JKOHE IKEeKe MEeHINIK cekTop. KaparaHgsl Kamachel
TEPPUTOPHUSACHIHBIH aya OacceiffliiH OHMIPICTIK JacTaHybIHBIH Kaprorpadusuiay MpoLeci CHIATTajFaH.
OHIIPICTIK OPBIHAAPBIHBIH JIACT@HYBL HYKTENIiK OOBEKTiIEpiHIH >KMBIHTBIFBI peTinae Oepinni. Tannanran
arMocdepamarpl JacTayubl BaTTapIBh OODKAMAANTBIH MATEMATHKAIbIK MOJETb ayaJarbl 3aTTapiAblH
TachIMaJbl HeTi3iHae KyPbUFaH JkaHe xep OelepiHiH e3relerniri e ecenke aabHIbl. JlacTaymsl 3aTTapabH
KOCIMOPBIH IIeKapachifaH ACAThIH TCPPUTOPUSIFa JeHiH O0DKaMIbI Tapalybl eCenTeNi L.

C.A.Tamxkanos, 1.0.CeliTkanuen

KaprorpadgupoBanue BoO31ylIHOI0 3arpsi3HEHUsI
npu nomomu nporpammsl ApkI'MC 10

Blerazse na npumepe r. Kaparanas! onmca nporecc KapTorpagupoBaHus ¢ HOMOIIBI0 porpamMsl ArcGIS
10 3arps3HEHUs] BO3AYLIHOTO OacceifHa MPOMBINUICHHBIMHA BBIOPOCAMH, BHOCSIIIUMH HAaHOOJBINNH BKIaJ B
3arpsiI3HEHHE TOPOJICKOTO BO3/yXa. BBIOPOCH! OT MPOMBINUICHHBIX MPENPUATHI pacCMaTPHBAIOTCS KaK CO-
BOKYITHOCTh TOUCUHBIX HCTOUYHHUKOB, KaX/IbIil U3 KOTOPBIX HMEET CBOM XapaKTEPUCTHUKU 10 CTPYKTYpe U 00b-
eMaM BBIOpocoB. BriOpaHHass mMareMaTuecKass MOJEINb, BBEMHCIIONIAs PACcHpPOCTPAHEHUE 3arpsI3HSIONINX
BEIIECTB B armocepe, OCHOBaHA Ha KCHOJNB30BAaHMU ypaBHEHWs mepeHoca. CIpOorHO3UPOBAHO
pacnpocTpaHeHUe 3arps3HUTeNel 3a mpenens! npeanpusitus. McmonezoBana mozens ["aycca mpu pacuere
paccessHUsl IpUMecel B YCIIOBUSIX MECTHBIX METEOPOJIOTMYECKHX YcIoBHHA. OCyIecTBIeH NPOrHo3 oobema
KOHLICHTPALMI 3arpsA3HUTENCH B IPU3EMHOM CJI0€ aTMOC(EPHOTro BO3/IyXa.
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