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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. The cho-
sen mathematical model calculating diffusion of pollutants in atmosphere is based on use of the equation 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 volume of concen-
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 aerial contamination 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 contaminations 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 mathematical models for calculation of contamina-
tion depending on distance, having shown good efficacy and simplicity 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 methods of observation of environmental surround.

Human's need to control of ecological environment has 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 (biological, geological, medical, social science, etc.) [1]. For the
environmental mapping of interest are objects, the role 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 they are 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 most dynamic environment is characterized by a complex space- time dynamics
of the levels of the content of impurities. In each given time the level of contamination of the atmosphere
over a certain territory or in one or another point is determined by the balance on individual parameters so-
and their aggregate. In a base of the balance are [2, 3]:

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

territory;

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

transfer);

— the formation 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;

— the 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 contamination 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 contamination, the relief, a landscape),
secondly, reflect the information necessary for the analysis of results and reception of a definitive card of
contamination. At this stage the dimensions of area corresponding to a task in view are defined. The database
on contamination sources is prepared. The binding of the data to a card is manufactured.

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 on space, for numerical modelling of con-
tamination which is made, as a rule, on some regular grid, continuous on space the data of this kind is led to
a discrete kind. For this purpose the necessary information is represented in a kind of grid — that (grid)
which receive as a result of processing of initial vector beds. At this 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 carrying out of calculations on model. The calculated fields of
concentration of pollutants are represented in a kind of grids. At this stage finish machining of results and
reception of cards of an assessment or the contamination forecast is manufactured.

At modelling of contamination of air medium of industrial center evolve three phylum of sources of in-
fluence: the industrial enterprises, motor transport and a private sector. In yielded article, on an example Ka-
raganda, process of mapping of contamination of air basin by the industrial exhausts leading the greatest con-
tribution to contamination of city air is described. Exhausts from the industrial enterprises are considered as
set of point sources, each of which has 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 state of preparation for work was it is taken satellite image in scale 1:500 000, Kara-
ganda-Temirtau of an industrial zone. For an assessment of degree of contamination of air basin generally it
was necessary to receive following thematic beds:

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

2) the rivers (line) — a linear theme where linear objects in scales of investigated terrain represent the
small rivers, streams and canals;

3) a green region — 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;

5) 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:

- 1y 2
x(x,y,z) =Lexp —— y—2+—2 ,
2n0,0,U 20, o,
where x — Centre concentration of contamination in points (X, y, z); O — Vigour of exhaust r/c; U — speed
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 1. Gaussian dispersion model in coordinate system

To count on a mathematical model, we use a special program (Fig. 2):
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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 Arcelo Mittal on the map and find the
source shown by symbols [7, 8].(Fig. 4).
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Figure 4. Space image Temirtau metallurgical factory

3. It calculates the distance according to the wind direction (Fig. 5).
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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 [11,12]

And results (see Table).
Table
The predicted prevalence of pollution
Distance from the source.m. The amount of harmful substances mg / m’
100 0,003
500 684,3
1000 783,2
1500 571,6
2000 352,1
3000 173
5000 66,06
7000 34,4
13000 12,5

7. As a result of combining all the data 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.

66 BecTHuk KaparaHguHckoro yHuBepcuteTa



Mapping air pollution by ...

References

1 Cmpyman B.H. Dxonormdeckoe kaprorpaduposanne. — M.: Hayxka, 2003. — 251 c.

2 JKemnucos C.¥. I'eoskomormdeckue mpobiems! Kaparanamacko-TeMHpTaycKoro NpPOMBINUICHHOTO palioHa M HMYyTH HUX
peteHust: aBroped. Juc. ... KaHa. reorp. Hayk. — Anmarsr, 2002. — C. 5-16.

3 Ilymosa O.B. Dxonoro-reorpapuieckoe KapTorpagupoBaHie Ha OCHOBE a3pOKOCMUYECKON HH(pOopMaLn: MeTo . mocodue. —
CII6.: Uzn-Bo CIIGIY, 1998. — C. 21-43.

4  Cetimxanues H.0. CocraBieHue reorpaguueckux KapT ¢ UCHOJIB30BaHHEM KOCMUYECKHX CPEICTB JUCTAHIIMOHHOTO 30HMH-
posanus 3emitnt ([133) / XVII Cryn. mexxayHap. Hayd.-mipakT. KoH). — HoBocubupck, 2014. — C. 1-4.

5  Craructnueckuii coopauk. — Cep. 16. IIpuponHbie pecypchl 1 0xpaHa okpyxaromiei cpebl. O COCTOSIHUM OXpaHbI aTMOC(EPHOTo
Bo3zyxa B Kaparanunckoit oomactu. — Kaparanna: Jlenaprament cratuctuku KaparanmuHckoit obmacry, 2000-2012. — C. 37-40.

6 JKaxamaesa B.T. AHTpOmOreHHBIC COCTaBIIIONINE aTMochepHoro 3arpsisHenHus B LlenTpansHom Kazaxcrane: maTepuais
MEXIyHap. HAy4.-TIPaKT. KoH}., nocesm. 80-nmeruto E.A.bykeroBa, 23-24 mapra. — T. 3. — Kaparanpa: 1zn-so Kapl'V, 2005. —
C. 283-286.

7 JKaxamaeea b.T. CHHONTHKO-METEOPOJOTHYECKHIE YCIOBUs 3arpssHenus atMocdeps! B LlentpansHom Kaszaxcrane //
3armmcku Yerb-Kamenoropekoro ¢ummana Kazaxckoro reorpaguueckoro obiectsa. — Boin. 2. — Yers-Kamenoropek: U3n-Bo per.-
m3z. Coser Yerb-Kamenoropekoro ¢ummana Kazaxckoro reorpaduaeckoro oom-sa, 2009. — C. 142-154.

8 Bopoobves K.B., Muponenxo B.®., lupoxosa C.JI., HAxosuenxo C.I., [locmunosa U.C. Ilpumenenue I'MIC-texHonoruii ams
OLIEHKH 3arps3HEHHOCTH aTtMocdepbl npomsiiuieHHoro nentpa / I'MC mis ycTOHYMBOrO pasBUTHS TEPPUTOPHUIL: MaTepHaibl
MeXIyHap. KoH}., HIoHb, 1999. — Y. 3. — fxyrck: U3n-Bo Caxameuats, 1999. — C. 154-161.

9 [OP]. Pexxum nocryma: http://www.moluch.ru/conf/tech/archive/4/895.

10 O cocrostauu oxpanbl atMocepHoro Bo3ayxa B Kaparannunackoit o6mactu B 2007 rogy. — Cep. 16. — Kaparanna: Ympas-
nenue craructuku Kaparanauackoit oonactu, 2008. — C. 23-25.

11 [anusie ['ocyqapcTBEHHOTO rHIPOMETE0apXHBa 10 3arpsi3HeHHI0 aTMocdepHoro Bo3ayxa r.Kaparansr 3a 1998-2012 rr. —
[3P]. Pexxum nocrtyna: http://www.kazhydromet.kz.

12 Bromnerenn ArentcrBa Pecny6nuku Kazaxcran mo crarucruke 3a 2008-2012 rr. // O cocTossHUM OXpaHbl aTMOC(HEpHOTO
Bo3xyxa B Pecrryonmuke Kazaxcran. — T. 1. McrouHukH BEIOPOCOB 3arpsi3HSIOMUX BemecTB B atMocdepy. — Cep. 16. Oxpana ok-

pyxatomieit cpeapl. — Acrtana: M3n-so Komutera mo cratuctike MUHHCTEPCTBAa HALMOHANBHON 3koHOMEKH PecnyOmuku Kazax-
craH, 2013. — C. 93-124.

C.A.Tamkanos, 1.0.CeliTkanueB

ApkI'MC 10 6arnapiaamacel kKeMeriMmeH
aTMoc(depaHbIH JIACTAHYbIH KapTOrpadusiay

Maxanazna ArcGIS 10 Oarmapiamacs! @HAIPICTIK OPTAIBIKTHI KapTorpadusiay Ke3iHzae yII acep eTy Ke3iepiH
afKpIHAANIBI: OHIIPICTIK MeKeMenep, aBTOKOJNIK JKOHE JKeKe MeHINIK cekTop. KaparaHgsl Kamachel
TEPPUTOPHUSACHIHBIH aya OacceilHHIH OHIIPICTIK JacTaHybIHBIH Kaprorpadusuiay MpoLeci CHIIATTajFaH.
OHJIipiCTIK OpPBIHIAPBIHBIH JACTAHYBl HYKTENIK OOBEKTUIepiHIH JKUBIHTBIFBI perinae Oepinmi. Taxmanrau
arMocdepamarpl JacTayIubl 3aTTapibl OODKAMAANUTBIH MATEMATHKAIbIK MOJETb ayaJarbl 3aTTapiAbIH
TachIMaJbl HETi3iHe KYpbUIFaH jKoHE Kep OelepiHiH e3releniri e ecenke aabHbl. JlacTaymibl 3aTTapabH
KOCIMOPBIH IIeKapachIHAH acaThIH TEPPUTOPHUsIFA JeHiH OODKaMIbI Tapalybl €CenTeNi Il

C.A.Tamxkanos, 1.0.CeliTkanuen

KaprorpadupoBanune Bo31ylIHOro 3arpsi3HeHUs1
npu nomoumu nporpammsl ApkI'MC 10

B crarse Ha npumepe r. Kaparanaer onmca nporecc KapTorpagupoBaHus ¢ HOMOIINBI0 porpamMsl ArcGIS
10 3arps3HEHUs] BO3AYLIHOTO OacceifHa MPOMBIIUICHHBIMHA BBIOPOCAMH, BHOCSIIIUMH HAaHOOJBINNH BKIaJ B
3arpsi3HEHHE TOPOJCKOTO BO3/yXa. BBHIOPOCH! OT MPOMBINUICHHBIX MPEINPUATHI pacCMaTPHBAIOTCS KaK CO-
BOKYITHOCTh TOUCUHBIX HCTOUYHHUKOB, KaX/IbIi U3 KOTOPBIX HMEET CBOM XapaKTEPUCTHUKH 10 CTPYKTYpe U 00b-
eMaM BBIOpocoB. BriOpaHHass mMareMaThueckass MOJEINb, BEMHCIIOMAs PACHPOCTPAHEHUE 3arpsI3HSIONINX
BEIIECTB B arMmocepe, OCHOBaHA Ha KCHOJNB30BAaHWU ypaBHEHWs mepeHoca. CHIporHO3UPOBAHO
pacipocTpaHeHUe 3arps3HUTeNel 3a mpenens! npeanpustus. McmonezoBana mozens ['aycca mpu pacuere
paccessHUsl pUMecel B YCIIOBUSIX MECTHBIX METEOPOJIOTMYECKHX yclIoBHHA. OcCyIecTBIeH NMPOrHo3 oobema
KOHLICHTPALM 3arpsA3HUTENCH B IPU3EMHOM CJI0€ aTMOC(EPHOTro BO3/IyXa.
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