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IPAC: Industrial Planning Air Control Syste1n 

User's Guide 

IPAC, version LO, was developed in 1990 for the Deparlmenl of Industrial Operations, 
Industrial Planning Branch, of the United Nations Industrial Development Organization 
(UNIDO). Comments and inquiries should be addressed either to UNIDO, or directly to the 
authors: Dr. Vladimir Litwin, Laboratory for Natural Environment and Climate Monitor­
ing of the State C<immittee for Hydrometeorology of the USSR Academy of Sciences, Gle­
bovskaya str. 20b, Moscow 107258, USSR \Telephone: 4579607); or Dr. Sergei Golovar.ov, 
llASA, A-2361 Laxenburg, Austria (Telephone: (02236)71521 •0, Telefax: (02236)7I:J 13, 
E-mail: ... !tuvie!iiasa!sergei) . 

Introduction 

The IPAC System is designed to provide valuable decision support for the problems of atmo­
spheric protection and air quality management in industrial planning at the national. sectoral 
and enterprise levels. It can be used in areas up to 400 x 400 km (about 300 x 300 miles). The 
system can be applied to a variety of industrial areas, cities and relatively small states. 

System Information 

The software is divided into two main systems: 

• a systern designed for the IPAC "City" - urban areas up lo 40 x 40 km (approximately 
30 x 30 miles), 

• a system designed for the IPAC "Region" -larger areas, up to ·100 x 400 km, with different 
landscape features. 

• Both subsystems should be installed, stored in separate subdirectories. 

Hardware Requirements 

The following hardwarf' is required to run JPAC: 

• an IBM PC/AT, PC/386 or PS/2 running DOS 2.nn or greater, at least 512 J\B R:\M, 
an 80-87 coprocessor, a hard disk, and either an EGA or a VGA graphics a.dapl<'r. The 
system currently supports the EPSON FX type dot matrix printers or goocl compatibles. 
Support for other types of printer will be provided in the later versions. 

• a. PC/XT could generally handle the software a..c; well; however, on account of Ill<' sophis­
ticated mathematical mociels incorporateci in the thr JPAC systmn, it is prf'foral11<- to US<' 

a PC/386 with a cnrror<'~:sor ancl HAM r.adie or RA~f vi rt 11al clriv<'s to sp<'ed up moclPI 
rnns. 

Fd>ruary 24, I !)~10 - I . 
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Installati0n 

The entirl' distributf'd system is contained on one 5.25" high density diskette in compressetl 
mode. To install the system: 

l. Check that at lea.st 3 MB of space is available on the hard disk where IPAC is to be 
installed. If only one of the two subsystems ("City" or "Region") is to be installed, 2 MB 
of free space is sufficient. 

2. Insert the IPAC system disk into drive A and type: 

a: install {d:) .i 

where dis the the name of the hard disk drive where the system is to be installed. 

3. When the installation is complete, answer the appro,.-iate questions. 

4. Enter 

city ..J 

to run the "City" version of IPAC, or 

reg ..i 

to run the "Region" version of the IPAC system. 

Working with the System 

IPAC is a menu-driven system. Each menu consists of a choice of commands in the upper 
section, and a comment line in the lower section. The comments correspond to the comrr.and 
in the menu currently being highlighted. The comment line remain:; visible throughout each 
session with the system. Fig. 1 depicts the main menu of the IPAC system . ..... . 

Data Preparation 

The information required during the data preparation phase of the IPAC system is divided 
into 5 parts, as presented in Fig. 2. A more detailed dP.Scription is presented in the !PAC 
System Handbook. Similar forms of data entry are used during each stage of data preparation . 
The comments on the bottom line describe the control key functions and identifv appropriate 
actions. It is important to enter suitable data before starting system simulations. In proper data 
input can lea.cl to unpredictable results. 

During data entry, the system checks the validity of all data entered. The absolute ml ues of 
all integers are checked against a. predefined interval; all real numbers are checked by the number 
decimal places to the left and right of the decimal point. It may happen riuring data entry that 
the 11ser 1 . unable to leave the data entry cell where he just entered data. This means t!1at the 
number entered is outside of the range allowed by the system and it must be reJ; .ced by on-:! 
that is in-range. 

Two types of form arc user! for data entry: singular and multiple. In the singular data entry 
form, only one set of data can be seen or input. In the multiple data entry form, each form 
represents only one set of data within the database; the whole data.base consists of many data 
sets. 

Singular data forms ;ire (:Pography, Mct.C'orol'•gy, Chemistry, and the Measures Group. Mul­
tiple data forms arc Emission Sourcrs, l\foasures, Sigma, and Pairs. A drta.iled desrripb)I: of 
rarh of thr forms follows. 

February 21, l!l~l() - 2 -
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IPAC - In<mstri al Plamrilll} llr COntrol 
Data preparation 
pollution Estilation 
Tech!mlaqical EaSUreS sillllation 
decisiCllS ~zatioo 
c¢ilized leasures set definitioo 
SblJi resal ts 
Print results 
~t 

IPM: - Inlcstrial Pl~ lir cmt:rol 
Data irepmtiC!D 
pollutioo Estililticm 
Tech!mlaqical EaSUrl!S sillllati111 
decisiCllS ~zatioo 
opti.Jized leasures set definition 
SltaJ results 

!laps 
~zed strateq!es qrapis 
Listi~ 

!PM: - IDlustrial Planniiq Air Control 
Data preparation 
poll1.tioo Estaation 
TeclurJlaqical ESUres sillllation 
decfaions ~ilization 
opti.Jized lleasures set definition 
Show results 

::aissions 
econo1ic 
!lax. cone TSP 

Gas 1 ,_ 
Gas2 
Gas 3 
Gas 4 
Gas 5 
Gas 6 

Par ti cl es (dust) :istribution of e1ission Esc-exi t 

Fig. I: Main menu. 
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!PAC - Industrial Plann.inq Air Control 
Data preparation 

Ceclgraply 
!eteoroloqy 
Cbelistry 
Scmces 
ldnfscape 

Fig. 2: Data preparation menu. 

Enter qeoqraprical data abJrt: the reqiCll Ille dataset lllSt erist 

Reqion Ja1e Dirty Slokes Valley 

IUlber of cells for liest-F.ast direction (I-axes I 12 

l1*r of cells for --uth-lorth direction (Y-axes) 9 

Grid step (kl) 10.0 

Averaqe PJ!Rllation density (per sq.b) 900.0 

Fig. 3: Data. entry form "Geography". 

Geographical data 

The data entry form "Geography" is depicted in Fig. 3. This form requires a. minimal set of 
geographical data about the city/region to be ent<-ed into the system . 

Meteorological data 

The "!l.:~teorological" data entry forms for the city and the region are presented separately in 
Fig. 4 and Fig. 5, respE:,·tively, The region forms contain data not included in the city forms 
on: average wind reiter~ tion for the boundary layer, height of boundary layer, wind speed 
distribution (atmospheric stratification para.meter), and precipitation. 

Ch2mistry data 

Chemistry dar.a consists of the names and aggressiveness coefficients of pollutants for which 
calculations will he ma.de. In the city forms, values of maximum occasional permiMible ronccn· 
trations (MOPC) arc also incl11decL Sarnpl~ "Chemistry" data <'ntry forms for the city ;rncl t.h<' 
region are presented in Fig. 6 and Fig. 7, rcsp<'r.tiv<'ly. 

Fdiruary 21, l!J!)O - ,1 -
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Er!ter aeterological data about tbe city: ODi? dataset lust exist 

!lean amml surface air tf!lperatuxe (C) 5.0 

Averaqe surface air telperablre in July or Jalllary (CJ 19.0 

!lean amial surface viJll speeds (l/S) 5.5 

li!lf reiteratim frm Soutll 0.150 

linf reiteratim frm 5-lest 0.170 

lim reiteratim frm lest o.uo 

liDi reiteratim frm Hest 0.100 

F.di t I 1-1m 1-Prev F2-Aa:ept Esc-Cam:e1 

frm btll D.100 

frm Hist D.100 

frm East 0.110 

frm Hast 0.140 

Fig. 4: Data entry form "Meteorology" for the city. 

Er!ter eteroloqical data and vioo reiterations one dataset lllSt erist 

Surface air taper. (C) 5.0 

Surface wind speed (1/S) 5.1 

PrecipitatiOI! (•l 600 

lfet period duration 0.12 

11ioo frot South 0.400 S-lfest 0.100 11est o.Ioo Hert o.o5o 

llind frot North 0.050 Hast 0.050 F.ast C.050 5-East D.200 

!lean aMual boundary layer beiq!t (1) 750 

Direction l 0.2000 Dir.2 0.2000 Dir.l 0.0500 Dir.4 0.0500 

Direction 5 0.0500 Dir.6 0.0500 Dir.7 0.0500 Dir.8 0.0500 

Direction 9 0.~500 Dir.10 0.0500 Dir.11 O.HiOO Dir.12 0.1000 

View I Enter-edit Esc-~it 

FiJ?;. !i: Data f'lllry form "~fotf'oroloJ?;y" for th<' rf'J?;ion. 
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• Enter ?Jllutants data: one dataset mast exist 

Pollutant .. Agressiveness llPS .. 

TSP Cl!ll!llt ~ 45.0 0.500000 ?t-·-~· 
""· Gasl 502 16.5 0.500000 ... 
~ .. 
":.;. 

Gas2 Ill 41.1 0.085000 ....... : 
.•. 

CiBl Ill 4.6 0.200000 .. 
Gas4 BF 980.0 0.020000 

t•-

.. -
Gas5 co 1.0 5.000000 l 

f.: 
Gas6 o.o O.OOOOGO 

' f 

F.dit I 1-lelt f-lm FHccept Esc--Cam:el 

Fig. 6: Data entry form "Chemistry" for the city. 

Enter !Kllllt..ant data: one dataset lllSt exist 

Pollutant .. Agressi veness 

TSP Celent ~ 45.0 

502 Sulfur Dioxide 22.0 

IOI litroqen oxides 41.l 

r.asJ Alllni111 4.6 

!".as4 carbon Dioxide 1.0 

r.ass 0.0 

Gas6 o.o 

View I Enter-edit F.sc·Exi t 

Fig. 7: Data entry form "Chemistry" for the rrgion. 
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El!ter data alxrJt the city l!lission sources: 12 sources entered 

5oun:e llullber Elission Rate (13/s) 225.90 

lieigbt i•i200 I coord.(kl) 2.25 ~ssion Telperature (C1138.0 

Dineter (1) 8.1 y coord.(b) 3.50 TSP Separatim: Ratio (t) 0 

TSP Elission lean (It) 0.500 TSP Elissim llu (9/s) 40.l 

Gasl P'.lission lean (It) 25.600 Gasl F.lissim llu ( 9/s) 990.0 

Gas2 Elissioo a (It) 1.150 Gas2 Elissioo llu ( 9/s) ll2.0 

Gas3 Elission lean (It) 0.000 Gasl bissi011 llu (9/s) o.o 

Gase Elissioo !lean (It) 0.000 Gas4 Elissim iu (9/s) 0.0 

Gas5 Elission !lean (It) 1.334 Gas5 bission lfal (9/s) 107.S 

Gas6 Elission !lean (Kt) 0.000 Gas6 Elission laI ( 9/s I 0.0 

Viev I 1-lert: r-Prev Enter-F.dit Ins-Insert Del-Delete Esc-Erit 

Fig. 8: Data entry form "Sources" for the city. 

Emission sources data 

Sample "Sou:-ces" data '!ntry forms for the city and the region are presented in Fig. 8 and 
Fig. 9, respectively. These forms include a standard set of parameters about each chimney to 
be considered. In the case of the city, the maximum emissions values should also be included. 

Each new source entry is initiated by depressing the {Ins) key on the keyboard. The total 
number of sources entered is indicated in the upper right-hand corner of the screen. Up to 300 
sourct'S can be entered into the database; they can be 1eviewed and/or modified when the data 
entry procedure is complete. 

Landscape data (SIGMA matrix values) 

After the geographical data has been entered, the SIGMA matrix - used to store landscape 
data - is filled with the average estimations of the relative danger coefficients. These valu<:'s are 
derived from the average population density for the area. 

The "SIGMA" data entry form is depicted in Fig. IO. Using this form, the values r.an be 
corrected, adjusting them to the particuhr landsc.ape. This is usually necessary only when 
estimating economic damage to certain area cells. 

In the "SIGMA" multiple da~a entry forms, one form r<>presents one line of the matrix. 
Tleca!lse the array of SIGMA values r.an h<' as larg" as 35 x 3:), th" total array ranno~ h<> 
presented on the screen at once. Se•:eral lines < f data can he "nter"d s"quentially, s;w<'d using 
the {F2} key, and corrected latN for particular r.as1• stu<ly. 

Before exiting the form, the system prompts: 

Update the file? 

If the user responds with NO, thr moclifi,.cJ data will not he 11pclat"d! 

Fdiruary 21, ln:JO . 7. 



Erlter data abol.t the reqional sission sources: 11 sources entered 

SOUn:e lu&r llission Rate (13/s) 97.0!I 

!!eight {•)ISO I coord.(o) 17.40 llissioo Telperature (CJ220.o 

Diaeter i•) 4.0 J coard.(o) 52.70 TSP Sepll1ti111 Ratio (tJ90 

TSP llissiCll llean (It) 1.400 

Gasl r.aissi111 !lean (It) 11. 000 

Gas2 llis..ioo lean (It) 1.000 

GasJ P.lission lean {It j 0.000 

Gas4 llissicm llean (It) 6.000 

GasS P.lission llean (It) 0.000 

Gas6 Elission llean (It) 0.000 

Viev I l-lert r-Prev P.nter-F.dit Ins-Insert Del-Delete F.sc-Erit 

Fig. 9: Data entry form "Sources" for the region. 

P.nter Comet landscape and Popllatioo Density ut:riI: 9 lines entered 

Successively enter current Etrix rev I 

Col. l 0.90 2 0.93 3 0.90 4 0.90 ~ 0.90 

Col. 6 0.90 7 0.90 8 0.90 9 0.90 10 0.90 

Col.11 0.90 12 0.90 13 0.00 14 0.00 15 0.00 

Col.16 o.oo 17 0.00 18 0.00 19 0.00 20 0.00 

Col.21 o.oc 22 0.00 23 0.00 24 0.00 25 o.oo 

Col.26 o.oo 27 0.00 28 0.00 29 o.no 10 o.oa 

Col.JI 0.00 32 a.oo 33 0.00 34 0.00 35 0.00 

Viev I I-Next 1-Prev Enter-F.dit Ins-Insert Del-Delete Esc-Exit 

Fig. I 0: Data. entry form "SIGMA". 

F<'hru;1ry 21, HIOO - 8 -



Pollution Estimation 

Emission distribution, economic damage a11d pollutant transport estimations are calculated 
during this phase. The calculation runs should be performed only after all data preparation 
has been finished comphtely. During the calculation runs, comments reporting the current 
status of the calculations appear on the bottom line of the screen. 

Several means of validating that the data arc consistent and meaningful are incorpcratcd in 
the system. Messages reporting the curren! status and intermediate results are displayed on the 
user's screen. If error messag~ appear, the user should select the "Show results" option in the 
system's main menu for claiification of th'? situation. 

The following types of error can be identified: 

Error 1: Check the step of the regular grid. 
Regular grid steps should be within the range 0.5-2 km for cities and 5-10 km 
for regions. 

Error 2: Check average population density. 
The population density should be within the range 10-30,000 persons per km2

• 

Error 3: Check mean annual surface air temperature. 
The mean annual surface air temperature sh.:>uld be within the range 0-30 °C 

Error 4: Check surface air temperature in July/January. 
Surface air temperature in July/ Ja.nuary must be in the interval -40,. .. , 40°C. 

Error 5: Check annual surface wind speed. 
Annual mean wino :;ped should be within the range 0.5-10 m/s. 

Error 6: Check surface wind reiteration. 
The sum of all the wind reiteration value: should be equal to I. 

Error 7: Check MOPC and aggressiveness for the X. 
There is a difference between the number of MO PCs and the number of aggres­
siveness coeffirients entered for pollutant X. 

Error 8: Unncceptable aggressiveness for the X. 
The aggressivenes:; coefficient of pollutant X is less than I. 

Error 9: Unacceptable MOPC value. 
MOPC values should be greater than 0. 

Error 10: Check diameter! Source #N. 
The diameter value for source N should be within the range 0.3-50 m. 

Error 11: Check emission temperature! Source #N. 
Emission temperatures for source number N should be within the range 0--600 °C. 

Error 12: Check emission rate! Source #N. 
Emission rates for source number N should be within the range 0.01-2000 111

3 /s. 

Error 14: Check X-coordinate! Source #N. 
X-comdinate is not within the area of the source N. 

Error 15: Check Y-coordinate! Source #N. 
Y-coordinate is not within the area of source N. 

Error 16: There are no emissions for the X. 
At least one pollutant emissions data should h<' <'nl<'rcd if one wants lo have 
useful results. 

Error 17: Check annual emission! (Source #N for X). 
Only one annual <'mission or maximum emission of polluf.ant X for so11rr1• ~; has 
been entered. The situation c.;w happen only fort.he city and it rn<'ans that one 
should <'Iller hoth data. values. 

Fd1ruary 21, I V!>O . ~) . 



Error 18: Check annual and maximal emissions! Source #N for X. 
There is discrepancy b~tween average and maximal emission \"alues. The a\·er· 
'l.ge emission, represented in g/s, is greater than ma.'timum emission \'alue for 
pell utan~ X in source N. 

Error 19: Unacceptable SIGMA value! 
All S!GMA values must be within the range 0.05-30. 

Error 20: Check wind reiterations in the mixing layer. 
The sum of all the wind re.teration values in the mixing layer should be equal 
to 1. 

Error 21: Check aainual wet period ratio. 
The wet JM!riod ratio should t.e within the range 0.07-0.15. 

Error 22: Emission variation value is not correct! Source #N for X. 
The value should be in the interval ( -100, ... ,100% ). 

Error 23: Wrong information about new source #N! 
New parameters should be entered for the source allocated. 

The following errors may occur when optimization oegins: 

Error 24: Source #N has been included in the measure twice. 
Check information about measures an<! remove redundant references to the 
sources mentioned. 

Error 25: Emission decrease for pollutant X in group M exceeds 1003! 
There is not enough information in the matrix of alternatives or some initial 
measures data is not correct. 

Error 26: Wrong information about investm~nts. 
Investment values are less than zero. 

Error 27: Measure is indefinite. 
There are errors in the measure or group numbers. 

Technological Measures Simulation 

Technological measures are defined and entered into the system during the technological mea· 
sures simulation phase. Accuracy is of utmost importance in the formulation of these mea.,:;res 
by the user. The data forms presented in Fig. 11 are intended to be an aid in entering the 
appropria'e data and carrying out the technological measures simulation. 

The in. erent feature in this phase is to remember which source - new or old - is to be 
included. Tl.~ forms may be used many times sequenti<.lly. This is interpreted as being equivalent 
to carrying o 1t measures for several sources simultaneously. 

The method for entering new source parameters into the form is similar to the method 
described on page 7 for entering source data. The measures for the old sources a.re dcscrihecl for 
the system by the variations in their emissions (in 3). The value should be entered with a "-" 
or "+" sign, designating a decrease or increase in emissions, respectively. Other parametns of 
the old sources may be entered together with new values, (height, diameter, etc.), but this is 
rarely required. 

While the form is being modified, help and comments are visible on the bottom line of the 
menu screen. After the mea.c;ure has been updated, the system will pa.use while data r!H'ds 
an• made. The user should correct all errors reported by the system. The list of errors may 
be printed out using the "Print results" option in the systl'm's ma.in m<'lllJ. When tlie data is 
Nror-fr""• the rn"a:illre is si1n11latccl hy many criteria. 

At the end of tlw simulation, the user is prompted to cnler a 1ww m<'a.surc. 

Fr.hruary 21, IUflO - 10 . 



Enter tedutoloqical 1easures for the reqion sources: 2 sources entered 

llev allocated source numm llDST be greater than m existi~ source m11ber 
and nev full paraaeters set llUST be entered for thea. 
Annual eaissio!I variations in t llDST be qiven for eristi~ sources. 

Soorce I 5 

TSP Eliss. or 1:1. Var. -100.000 TSP Se!J.Ratio (\) 0 

502 Eliss. or 1:1.Var .-100.000 Heigbt (1) 0.0 

l>I Eliss. or 1:1. Var. -100. 000 Dineter (1) 0.00 

Gasl Eliss. or 1:1.Var. 0.000 Telperature(C) 0 

Gas4 Eliss. or 1:1.var.-100.000 Rate (13/s) 0.0 

Gas5 Eliss. or 1:1. Var. 0.000 X coord. (kl) 0.000 

Gas6 Eliss. or 1:1. Var. 0.000 y coord. (kl) 0.000 

Viev I 1-lert t-Prev Enter-F.dit Ins-lllsert Del-Delete Fs:-Exit 

fllter tecbnoloqical aeasures for the reqion sources: 2 sources entered 

llev allocated source lllllbers m be greater tban m eristinq source nlllber 
and nev full paraaeters set llDST be entered for thea. 
Annual eaission variations in t lllm be qiven for existi~ sources. 

Source I 12 

TSP Eliss. or 1:1. Var. 1.500 TSP Sep.Ratio (\)95 

S02 Eliss. or El.Var. 8.000 Heiqbt (1) 300.0 

NOx Eliss. or El. Var. 6.000 Diueter (1) 10.00 

Gasl Eliss. or P.l.Var. 0.000 Teaperature(C) 150 

Gas4 Eliss. or El. Var. 7.000 Rate (13/s) 100.0 

Gas5 Fliss. or El.Var. 0.000 X coord. (kl) 43.000 

Gds6 Eliss. or El. Var. 0.000 Y coord. (kl) 35.000 

View j 1-Next 1-Prev Enter-Edit Ins-Insert Del-Delete Esc-Exit 

Fig. 11: Data entry form "Technological Measures Simula.lion". 

February 21, 19'.)U - 11 . 



• Decision Optimization 

When all measures have been entered into the system, the user may begin the decision opti­
mization phase. It might be the case that alternative measures that cannot be implemented 
simultaneously occur within some measures group (see Section 2.1.4 of the /PAC System Hand­
book). Using the alternative measure "Pairs" data entry form, these measures can be identified. 
If no alternative measures exist in the groups formed, ~his step may be omitted. 

A number of data. checks a.re performed during the initfal stages of optimization (emissions 
by ea.ch measure entered for ea.ch group, etc.). If errors a.re id.!ntified, the ca.lcula.tions stop and 
the user should correct the errors. 

When the data. is error-free, single and multicriteria. optimization begins. The name of the 
criterion being optimized and the the current status of the ca.lcula.tions a.re reported a.t the 
bottom of the user's screen. 

Optimized Measures Sel. Definition 

The results of the decision optimization phase can be found in the "Show results" selection of 
IPAC's main menu (sub-menu "Listings" under the title "Multicriteria. Optimization"). The 
listing contains optimal strategies sorted according to the preferences formulated by the algo­
rithmic rules of the IPAC system. Each of these strategies is described by the summarized 
"cost-effect" para.meters. The "criterion number" for ea.ch strategy is known. It is the key to 
the optimal set formulation. 

The user should choose the strategy that he prefers a.nd that meets his expectations. Since 
several strategies a.re possible, he should remember their "criterion numbers" and the corre­
sponding estimations of investments. This information should be entered into the data entry 
form that appears when the user selects the "Optimized measures set definition" item in the 
system's main menu. 

An in-depth analysis of the situation in the modelling area requires a thorough study of the 
results prepared by the IPAC system. These results can be viewed on the screen or printed. 

Show results 

The results provided to Decision Makers by the IPAC system can be divided int.o four main 
categories: 

1. Three-dimensional maps that present spatially-distributed data for the raster grid. The 
numeric values of the distribution data. can be found in the corresponding listings ( emis­
sions, economic damage and concentrations, depositions, etc.). 

2. Graphs that present optimization results by ea.ch criteria. ui;ed. These graphs can be espe· 
dally useful if particular problems of atmospheric protection are expressed and emphasized. 

3. Data lists that present the r~sults of system runs for analysis by the user. Both final data 
as well as the initial data. entered by the user can be found in these lists. 

4. Listings of the optimal measure sets, prepared after the multicriterial optimal strategies 
have been selected by criterion number and investments volumes. These listings can be 
prepared after graphical analysis if data about criterion number and investments, or cri­
terion number and percent pollution decrease arc identified. 

Printing Results 

All the data dcscrihcd in the previous section can be printed out using th~ "'Print results" option 
of the system's main menu. The sub-menus arc arranged in the same way as the "Show results" 
su hmcnus. 
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IPAC: Industrial Planning Air Control System 

System Handbook 

DR. VLADIMIR. LITWIN 

Laboratory for Natural Environment and Climate Monitoring 
Glebovskaya str. 20b 

107258 Moscow, USSR 

DR.. SER.GEi GOLOVANOV 
International Institute for Applied Systems Anlllysis (IIASA) 
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Telephone: (0 22 36)715 21* 0 Telefax: (0 22 36)TI313 E-mail: ... !tuvie!iiasa!sergei 

IPAC, version 1.0, was developed for the Department of Industrial Operatiors, Industrial 
Plan:iing Branch, of the United Nations Industrial Dcrclopment Organization (UNIDO). 

1 Introduction 

The IPAC System is a software system designed for dee;.,. ' support in problems of atmospheric 
protection and air quality management for industrial planning on national, sectoral and enter­
prise levels. It can be used within areas up to 400 x 400 km (approximately 300 x 300 miles). 
The system can be applied to a variety of industrial areas, citi~ and relatively small states. The 
following features of the system can prove useful in various applications: 

• database of stationary pollution sources; 

• database of technological measures (e.g. optional filters, fuels, liquidation of emission 
source, etc.); 

• data on industrial and source-specific impacts on the atmoi;phere; 

• ecological and economical effectiveness analysis of industrial innovations; 

• optimized investment allocations for air quality protection; 

• maximum resource calculation required for atmospheric protection options; 

• air pollution minimization within the specified expenditures; 

• definition of effective set of measures that could be applied to each emission source. 

Solutions can be calculated simultaneously for a given set of pollutants. 
The system requires minimal data input for its runs, taking into consideration the application 

environments in the developing countries. Most of these data are widely available from sta.tistic:al 
hooks and special publications. Where possible, default data. have been provided in IPAC. 

Data input is supported by a. set of menus and on-line help. Samples of input data ran 
be found in the documentation, along with a c:lf'ar <'Xplana.tion of the overall structure of the 
rac:kage. The intcrfac:e is user-friendly and f'a.c;y to use for inexperienced users. lnteractivf' work 
with the system is suprortcd hy on-line ~xrlanations and illustrations. 

The following data Sf'ts arc rf'quired for system runs: 
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• emission source data (height, diameter, coordinates, gas tempera.lures and \•olumes, annual 
and maximum emissions); 

• m1>asure data (investments and operational costs, emission changes by ea.ch pollutant); 

• meteorological data as averaged for ten or more yea.rs (annual air temperature, speeds and 
probabilities of surface and boundary winds, height of boundary layer, air stratification 
and turbulent para.meters); 

• physical and chemical parameters (dry deposition speeds, wet deposition coefficients, life­
time of S02 , NO, N02 , sulfates and nitrates). 

The following types of data. and maps a.re available to the decision maker at the end of a nm: 

• maps of emission distribution; 

• maps of economical damilge distribution; 

• maps of pollutant concentration di!;tribution; 

• maps of wet and dry deposition sulfates and nitrates; 

• sulfate and nitrate transportation diagrams out of the area considered; 

• maps evaula.ting danger (through acid rain) to coniferous forests; 

• graphs of optimal strategy as a function of expenditures for atmospheric pollution reduc­
tion by each selected criteria (en.issions, concentr;Ltions, depositions, transportation out 
of the region, danger to coniferous forests) and any combination thereof. 

The system is directed toward a wide range of applications and user groups, including city 
councils and regional management offices, industrial enterprise management, state governments 
and business management schools. The package was tested and used in a number of countries, 
including the USSR, Bulgaria and the GDR. A variety of regions with different geographic and 
clim~.tic conditions we:e used as test fields. 

A number of new models and subsystems intended to expand the capability of IPAC as an 
analysis and decision support system (DSS) tool are under preparation. These include: 

• car and traffic impact analysis; 

• • surface water DSS; 

• resource distribution for atmosphere and water quality protection. 

The IPAC system currently runs on IBM PC/DOS and compatibles. A UNIX version is ;.lso to 
he developed for running on the PC/386 and workstation environments . 
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2 System Data Information 

The initicJ information required by the IPAC syst .n could be divided into two parts. The user 
data consists of concrete data on a city /region, which the user should take some c:are in preparing 
if he intends lo obtain usefui results. 

The default data consists of para.meters that the user might be unaware of when he starts the 
case study. The values that have been assigned to thes _ para.meters were defined during long­
term studies based on real applications. In c,rder to correct these para.meter values, one should 
have a clear and deep knowledge of atmospheric physics and chemistry, as well as complex system 
simulations experience. Users interested in obtaining a better understanding of the details and 
mathematical formulae of IPAC are encouraged to read this section. 

2.1 User Data 

The complete set of user data necessary for system runs is presented in Table 2.1. 

2.1.1 Characteristics of the raster grid representing a city/region 

• The name of the simulated city/region should be entered into the system by the user. The area 
must be represented by a regular grid (i.e. a rectangle divided into square cells), as shown in 
Fig. 2.1. Three parameters characterize the regular grid: 

• 

• number of raster cells along the X-axis (from West to East), 

• number of raster cel!s along the Y-axis (from South to North), 

• size ofrastPr ce11 (regular grid step), in km. 

The origin (0,0) of the coordinate system is located in the lower left-hand corner of the grid. 
The simulated area (rectangle) could be larger than is necessary for the city/region. Usually a 
step size of up to 1 km is considered for a city, up to IO km for a region. This implies 35 x 35 km 
cities and 350 x 350 km regions - sizes convenient for most applicaticns. 

NOTE: The regular grid size must not exceed 35 x 35 {1225 cells total). 

The average population density can easily be calculated. In geographical atlases one can 
find the area of the city /region as welJ as the number of people living there . 

The maximum number of pollutants for IPAC-UNIDO is seven. One of these pollutants is 
always TSP (Total Suspended Particula.rs) and up to 6 gases are allowed. 

The selection of the necessary gases can be made by the user, but this is not an easy task. 
One should know the particular situation in the city /region. No common universal advice can 
be given for this case, but some general comments may prove useful: 
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Fig. 2.1: Presentation of city or region in the IPAC system . 
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Table 2.1: User data necessary to run IPAC. 
l. Characteristics of the raster grid representing a city/region 

1.1. Name of city/region 

1.2. Simulation site size (number of raster elements from West to East and from South 
to North) 

1.3. Grid spacing (raster element size), km 
1.4. Average density of population, per km2 

1.5. Number of pollutants included in IPAC system 
1.6. Agres6iveness coefficient of each pollutant 
1.7. Landscape map of the city/region 

1.8. Maximum occasional permissible concentration for each pollutant (only applicable 
to city) 

2. Meteorological characteristics 
2.1. Mean annual surface air temperature, °C 
2.2. Mean annual surface wind speed, m/s 
2.3. Mean annual surface wind reiteration within 8-point wind rise (only applicable to 

region) 
2.4. Mean annual precipitation, mm/year 
2.5. Average number of wet days in a year 
2.6. Mean annual height of mixing layer, m 

2.7. Mean annual wind reiteration in the mixing layer within 12-point wind rise (only 
applicable for city) 

2.8. Surface air temperature in July/January at 1 p.m., °C 

3. Emission source para.meters (individual for each source) 
3.1. Height, m 
3.2. Dia.meter, m 
3.3. Emission rate, m3 /s 
3.4. Emission temperature, °C 

3.5. Mean annual emission of pollutants (individual for each pollutant), Ia3 t/yr 
3.6. Source coordinates, km 
3. 7. Dust rem ova.I coefficient, % 
3.8. Maximum pollutant emission (individual for each pollutant}, g/s (only applicable to 

city) 

4. Technological and economic characteristics cf atmospheric protection activities (individual 
for ea.ch type of activity 

4.1. Ca.pita.I outl:iys required to implement the activity, 103 monetary units 
4.2. Tota.I expenses required to impleinent the activity, 103 monetary units 
4.3. Changes in pollutant emission after the implementation of the activity at ea.ch rele­

vant source (% of the initial emission from the source) 
4.4. Changes in the other parameters (3.1, 3.2, 3.3, 3.4, 3.6, 3.7) after the implementation 

of the activity at ea.ch relevant source (new values) 
4.5. Expert estimations to comhine activities 

~~~~~~~~~~~~~~~~~~~~ 
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• Pollutant sele.:tic-n is the most difficult problem for the city. At least thr~ of the possible 
pollutant types are fixed for the IPAC system in the region version. These are TSP (it is 
still necessary to decide if it is toxic or not), S02 (sulfur dioxide), and NOx (nitrogen oxide). 
The IPAC system allows the detailed study of sulfur and nitrogen in the atmosphere. For 
the other four pollutants, one can define only emission and economic damage estimations 
if they are included in the simulation. 

• It is known that there are usually TSP, S02 , NOx, and CO pollutants in a city. This 
stems from the common industrial structure of cities, that includes energy plants, food 
and municipal services, metallurgy. However, it does not mean that pollution is always 
inherent for all the pollutants mentioned. 

• There are very polluted cities for which pollutant selection is not a problem. If the number 
of pollutants to be considered exceeds seven, one should run the IPAC system more than 
once. 

As one can see, the selection of pollutants is complicated in itself. But how can one find an 
efficient strategy for atmospheric protection for an area when costs must also play a role? Let 
us suppose the pollutants have been chosen. Using Table 2.2 one can find the aggressiveness 
ratio that is used to compare the given pollutant impact to CO aggressiveness. The latter was 
assigned a ratio equal to "I". fa the table, the coefficients of the major chemical compositions 
that could pollute the atmosphere in industrial areas are listed. The total number of these 
options reaches into the thousands. 

The aggressiveness coefficient evaluation method is presented in Section 4.4. Here we point 
out that the maximum occasional permissible concentrations (MOPCs) and the maximum per­
missible concentrations (MPCs) for the USSR were considered while calculating the necessary 
coefficients. These concent~ations are usually national standards, so one can find the appropri­
ate cor1centrations in reference books and correct the aggressiveness coefficients against them if 
necessary. 

Let us suppose the following: 

• Nbg and Nb~ are the national standards selected for the CO MOPCs and the CO MPCs 
(mg/m3 ); 

• N!1
> and N!2) are the same but for the k-th pollutant; 

• pp> and Pi2
> are the values from Table 2.2 (3-rd and 4-th columns) . 

Then 
N(I) x N(l) x p(I) x p(l) + 60 x N(I) x N' 2) 

Anew _ CO CO k k k k 
k - N(l) x N(2) p(I) x p(2) 

k k k k 

(2.I) 

NOTE: If the calculations are being made for a city, then the MOPC for the pollutants selected 
.~hould be taken from Table 2.2 or from national standards. 

2.1.2 Meteorological characteristics 

,\II mcteorologir.al data are defined as the average arithmetic mean for a p<'riod of at l<'a.c;t 
I 0 years. This should average possible weather deviations that. could or.cur during some yrars. 
Met.eorologir.al data necessary for IPAC system simulation runs can be found in climatic referpnre 
hooks and r<'gional hydrometeorologkal servims. 

\Vhilf' pr<'paring the data, the followini; should he kept in mind: 

• the average surface temperature should be measured in °C; 
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Table 2.2: Ma.x.imum permissible concentrations (MPCs), maximum occassional permis3ible 
concentrations (MOPCs), and agresssiveness _coefficients of some atmospheric pollutants. 

Agent 

Carbon monoxide 
Sulfuric anhydride 
Hydrogen sulfide 
Sulfuric acid 
Nitrogen oxides (by N02 ) 

Ammonia 

Low-molecular hydrocarbons (by carbon) 
Acetone 
Methylmercaptan 
Phenol 

• Acetaldehyde 
3,4-benzpyrene 
Hydrogen cyanide 

Hydrofluoric acid and other compounds of fluorine 
Chlorine 
Aluminum oxides 
Silicon dioxide 

Carbon blaclc (without other compounds) 

Oxides of sodium, magnesium, potassium, calcium, iron, 
strontium, molybdenum, tungsten, bismuth 
Woody dust 

Wanadium pentoxide (dust) 
Inorganic compounds of 6-valencychronium (by C

4
03) 

Manganese and its oxides in aerosol (by Mg) 
Cobalt and cobaltic oxide 
Nickel and its oxides 
Zinc oxide 

• Arsenous oxides (by As) 
Inorganic compounds of mercury (by Hg) 
lnnrganic compounds of lead (by Pb) 
Ashes of black diamond (average) 
Ashes of peat (average) 

Ashes of coke and agglomeration dust from metallurgy 
(average) 
Coal dust 
Dust of nickel agglomerate 

TSP of diesel and of the marut-combustion engines 
Dust of cement plants (average) 
Micaceous dust 
Talc dust 
Limestone and gypsum dust 
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Aggressive-
ness 
ratio 

1 
22 

54.8 
49 

41.1 
10.4 
3.16 
5.55 
2890 
310 
41.6 

12.6 · 105 

282 
980 
89.4 
33.8 
83.2 
41.5 
15.l 

19.6 
1225 
104 

7070 
1730 
5475 
245 
1581 

22400 
22400 

MPC MOPC 
mg/m3 mg/m3 

3 20 
0.05 IO 

0.008 10 
0.1 1 

0.04 2 
0.04 20 
1.5 100 

0.35 200 
9-106 0.8 
0.003 0.3 
0.01 5 
10-6 1.5 - 10-4 

0.01 0.3 
0.005 0.05 
0.03 1 
0.15 6 
0.05 1 
0.05 4 
0.15 10 

0.15 6 
0.002 0.5 
0.005 0.01 
0.001 0.03 
0.001 0.5 
0.001 o.os 
0.0.5 0.5 

0.003 0.2 
0.0003 0.01 
0.0003 0.01 

80 
60 
100 

40 
600 
200 
45 
70 
35 
25 
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from North 

® 

from S-East 

from South 

Fig. 2.2: Wind directions considered in the IPAC system . 
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Fig. 2.3: The pollutant transportation process from the plume. 

• th .... average surface wind speed should be measured in m/scc; 

• the average surface wind speed reiteration should be defined by 8-directions. In references, 
such data are either presented dimensionless or a.s percents. The former is true in the IPAC 
system. 

For the wind directions considered in the IPAC system, it is assumed that the first direction is 
the "northern wind" from the South to the North (see Fig. 2.2). Meteorological data should 
provide additional information depending on the type of area (city /region) under consideration. 
In the case of a city, it is necessary to define the average annual temperature of the coldest or 
warmest month in °C. The appropriate data, by years and by months, can be found in climate 
reference books. if there are many power plants in the city, the ?verage temperature for January 
is usually used, as these plants use various fuels and have their maximum emissions during the 
cold season. If the energy industry impact is not the major one, the average temperature for 
July is used. 

Chemical pollutants and the products of their chemical reactions arc transported for several 
hundred kilometers by winds. This usually ocrnrs in the so·called "houncla.ry" or "mixing'' layer 
- the layer of atmosphere extending from the earth's surface to a height of 1000 m. The pollutant 
transportation process from the plume is depic:ted in Fig. 2.3. Pollutants a.re transported up to 
100 km at pha..,e 3 for several dozen hours. During this process I hey interact with the earth's 
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Direction 2 
Oir~ion I 

Direction 7 

Fig. 2.4: Boundary wind speed directions in the IPAC system. 

surface (dry depositi'>ns) and are washed out. Therefore it is important to have information on 
precipitation and the boundary layer. The following should be kept in mind: 

• the annual average precipitation is considered in mm; 

• the annual wet days ratio is a dimensionless value, less then "l", which is considered as 
the part of a year of 365 days; 

• the average annual wind reiteration is measured in m; 

• the average wind reiteration values for the boundary layer, described by the 12-directions, 
are less than I. 

Wind directions for the boundary layer are considered counter-clockwise by 30° starting from 
the the "northern wind" from the South to the North, as shown in Fig. 2.4. 

2.1.3 Emission source parameters 

Each chimney or emission source in the simulated area should be characterized by a set of data. 
These data are as follows: 

• Geometric characteristics (height of chimney in m, its outlet diameter in m, coordinates 
of the source within the area). 

"Chimney outlet" is a generalized term. Some "chimneys" are of a rather arbitrary form, 
say the entire roof of a plant-section, etc. In such cases i~ •S necessary to calculate the 
outlet diamet<:r by representing the chimney as a circle of the the same area. 

The source's coordinates ca.n be easily calculated. If the chimney is round, an error of 
several meters in •.he estimation of its caordinates is insignificant. However, when the 
"chimney" is a. roof JOO m long the situation is more complicated. For the IPAC system, 
the geometric center of the appropriate figure should be consider<:?d in such cases. 

• Emission characteristics (gas emission rate in m3 /sec, its temperature in °C, and avcr<>~c 
annual pollutant mass emissions in 103 t). 
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Chimney emission parameters a.re directly related to the technological processes in partic­
ular incl.ustries. 

NOTE: (I) If one of the simulated pollutants is TSP, it is necessary to estimate {in %) the 
TSP separation ratio for the given chimney. The size of the emitted particles is dependent on 
the value of this ratio and consequently influences the results of the TSP dissipation calculations. 
(2) If the calculations are being done for a city, in addition to the annual emissions averages 
one must prepare data on marimum emissions (in !I/sec). In this case one should consider not 
emeryency cases but maximum deviations that could happen under normal conditions and could 
take place during a relatively short period of time. It is commonly known that every industrial 
enterprise t>perates in such a way that it is impossible to point out absolutely stable and correct 
data. Variations in the types of raw materials, fuels, production output, etc., may always be 
present. Each enterprise has its own particular type of work and method of keeping data on 
emissions. These points should bl! taken into consideration when the marimum emissions are 
calculated. These emissions never equal the a!lnual averages, but ~-ually exceed it by a factor of 
1.5-3, especially for such well-known pollutants as S(h, NOx, and CO. 

The geometric and emission characteristics mentioned a.hove ca.n usua.lly be found in specia.1 
municipa.l books or in books on national statistics reports, if there is a.n emissions monitoring 
servic<? in the country. If these data a.re nonexistent, it may be that the atmospheric pollution 
problem in the given area has not yet been formulated. In such cases, only general intuitive 
considerations like "clezn air is better than polluted air" can apply. Monitoring and measurement 
services should be established to identify and formulate problems before the IPAC system is 
applied. 

The necessary information can be gathered in a number of ways, some simpler and more cost­
efficient than others. For example, in one case the chimney geometry might be ca.lculated using 
its shadow. The estimation of emission parameters, however, is somewhat more complicated. 
There are two ways of finding a solution - through relatively simple measurements, or using 
engineering methods based on the technologies used. 

Thus, the main problem of finding information about the sources lies not in the definition of 
source parameters, but in the estimation of the quantity of sources to be included in IPAC system 
runs. There are thousands of chimneys in cities and regions, most of which are small sources 
of emission. So, for example, of the 1500-2000 chimneys present in a city of population around 
500.000, only 50-100 chimneys could be considered as large sources of emission. Consequently, 
small sources are aggregated into equivalent large ones - a method widely used in research and 
simulation. 

Small emission source aggregation on a regular grid with a small step The first 
question is obvious: what is considered to be a sma.11 source of emission? In the case of a city, 
there is no uniform answer because there is no single parameter that can identify the size of the 
emission source. Nevertheless, one could say that a. source is small if the following properties 
are met: 

• small emission sources are usually a.bout 20-25 m high; 

• they consume relatively low quantities of fuel or coal {up to 700-800 tons per year); 

• classical pollutant emission levels (nontoxic TSP, S02, NOx, CO) a.re relatively low (l<'ss 
than 0.013 of the total emissions in th'! city); 

• small emission sources can often be liquidated and their functions transferred to larger 
cnterprif>es making it senseless to invest in new technological emission reduction mca.'iurcs; 

• in many cases, small emission sources arc the section hatches in the roofs of <'nt.erprisf' 
buildings; 
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• many small emission sources are fuel furnaces of homes, municipal services, and public 
utilities. 

If small sources have been identified, they sl1ould be aggregated into several equivalent large 
ones. A group of small sources can be aggregated into one if: 

• the maximum or minimum source coordinates vary by not more than::::: 1/5 of the regular 
grid step (i.e. by 200 m when the grid step is 1 km); this produces errors during calculation 
within 20-253, which is acceptable for the IPAC system; 

• the maximum and minimum heights of the sources differ by less than 10 m; 

• the maximum and minimum emission rates differ by less than a factor of 2; 

• the maximum and minimum emission temperatures differ by less than a factor of 1.5. 

The corresponding emission source parameters for this case are as follows: 

HE = (Hmin + Hm&X)/2 - height, 

DE = (Dmin + Dmax)/2 - diameter, 

VE = (Vmin + Dm&X)/2 - emi.;sion rate, 

TE = (Tmin + Tmax)/2 - emission temperature, 

XE = (Xmin + Xmax)/2 - X-axis coordinate, 

YE = (Ymin + Ymax)/2 - Y-axis coordinate, 

FE= (Fmin + Fmax)/2 - TSP separation ratio (if there is a. TSP emission release), 
n 

MA = L M/' - average yearly emission for the n aggregated sources, 
i=l 

n 

Mf = L MiM - maximum emission for the n aggregated sources. 
i=l 

Small emission source aggregation in the region on a regular grid with an averaged 
step A chimney 50 m high can be considered a small one. This feature is associated with 
the mesa-sea.le transport model of sulfur and nitrogen compositions in the IPAC system. It is 
recommended to aggregate small emission sources for each regular grid raster. The corresponding 
emission source parameters for this case are as follows: 

He= 50 m - height, 

De = (Dmin + DmAX)/2 - diameter, 

Ve = (Vmin + Dmax}/2 - emission rate, 

Te = (Tmin + Tmax)/2 - emission temperature, 

Xe = (Xmin + Xmax}/2 - X-axis coordinate, 

Ye = (Ymin + Ym&X)/2 - Y-axis coordinate, 

i'e = (Fmin + Fmax)/2 -TSP separation ratio (if there is the TSP emission release), 
n 

M~ = LM;A - average yearly emission for the N aggregated sources. 
i=l 

The notation in the formulae corresponds to the above-mentioned. 

NOTE: One should remember that the number of aggregated source.~ in the !PAC system cannot 
exceed 300. The resulting sources should be enumerated llftcr aggregation. 
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2.1.4 Technological and economic characteristics of atmospheric protection activ­
ities 

SuppoS<? for a city there is a set of sources and the corresponding set of para.meters. These 
data are used in the IPAC system to estimate atmospheric air pollution. Thus data ·repared 
according to the specifications of section 2.1.3 describe the regional air pollution situa.~')n. Any 
new technological, economic or geographical innovation in the city/region leads to changes in 
some emission source parameters. H such changes are defined quantitatively and are technically 
feasible, it is considered by the IPAC system to be a "technological measure". "Quantitatively" 
means that the expenditure estimations for the -:neasure's implementation as well as new em!ssion 
source characteristics are known. "Technically feasible" means the possibilities for a measure's 
implementation for the given sources can be determined only by experts and only for measures 
defined quantitatively. 

The general scheme for defining measures in the IPAC system is shown in Fig. 2.5. It provides 
a universal technique for analyzing new measures in regional or city industries. 

The following data are necessary for ea.ch measure shown in Fig. 2.5: 

• investments and annual costs; 

• numbers of the sources whose characteri;tics changed (modified sources); 

• characteristic variations by each source to be modified and defined as follows: 

- as percentage of the base level for '1.1lnual and maximum pollutant emissions("+" if 
the emission increases, "-" if it decreases), 

- as new values for the rest of the parameters, e.g. height, diameter, emission rate, 
temperature, TSP separation efficiency, coordinates; 

• new source numbers, allocated at the city/region area when the measure is implemented; 

NOTE: New source numbers should be greater than the last existing source number. 

• new source parameters, as described in Section 2.1.3. 

This is the complete set of data about each technological measure in particular. No data are 
necessary for "simple" (from the simulation point of view) technological measures, e.g. the 
measures to be applied to the only existing city or regional source. In the case of new source 
allocation, one needs data only a.bout the new sources . 

The IPAC system provides unique possibilities to simulate any possible number of situations 
in a city /region while undertaking a variety of possible technological atmospheric protection 
measures. The price paid for achieving these benefits is the necessity to arrange the complete 
set of possible measures into groups to simplify the interpretation of calculation results. For 
example, one could group together sources by industry, by quantities of fuel used, etc. 

NOTE: (1) The only formal requirement is that all measures that refer to the same source 
should be included in one group. (2) The number of measures in one group should not exceed JS 
and the total number of measures should not exceed 30. (3) For each measure the group number 
should be known as well as the measure number within the group. 

Thc> IPAC system a.nd its optimization subsystem analyze a variety of possible combinations 
of initial measures during the run. If measures from the same group cannot be impl<'mented 
concurrently, this case should be explicitly pointed out. in order to do this, one should pair the 
numbers of the measures that cannot be implemented simultaneously. Usually these measures 
r.an he applied to the same source. The following are examples of incompatible measures: 

• the conversion of boiler fuel to natural gas and the installation of sulfur filtering cquipm<'nt; 
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Source # 1 

Source# 2 

Source # CS>o 

Possible dislocation 
of new sources 

• 

Possible emission 
stoppage 

• 
Annual emissions Max emissions 

TSP IGas lJGas 2l · · · lGas 6 TSP Gas 1 Gas 2 · · · IGas 6 

Annual emissions Max emissions 
'-I T-S-P~l-Ga-s-llGas 2~G~s 6 TSP Gas 1 Gas 2 · · · IGas 6 

Annual emissions Mu: emissions 
TSP IGas llGas 21 · · · IG~s-6 TSP Gas 1 Gas 2 · · · IGas 6 

Possible variation of 
source parameters 

Source # ~o+ l I Height I Diamet. ,Emission,Emissionl Coordi· 1 TSP l_ Annual emissions . . Max emissions 
rate temp. nates separ. fTSP lGas llGas 2~Gas 6 TSP Gas 1 Gas 2 ... Gas 6 

Source# 4>o+2 I Height I Oiamet. IEmission,Emissionl Coordi· 1 TSP ~nnual emissions -·-· I Max emissions 
rate temp. nates separ. [TSP}Gas IIGas 2f."~Gas 6 TSPIGas t!Gas 21· .. !Gas6 

Height I Diamet. IEmissionlEmissionl Coordi· 
rate temp. nates 

TSP L Annual emissions Max emissions 
separ. ffSP lGas ti Gas 21 · · · IG;s-6 TSP Gas 1 Gas 2 · · · IGas 6 

Source # 41 

Fig. 2.5: Scheme for defining measures in the IPAC system. 
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Fig. 2.6: Raster ( i, j), where S,. is the raster area part occupied by the n·th recipient ( S,. < I), 
and u,. is the table of values of the relative danger coefficient. 

• for the same emission source, a power reduction by 103 and by 203; 

• liquidation of a source and the installation of new filtering equipment. 

NOTE: The maximum limitation of ./50 initial measures (15 measures by 30 groups) could 
hardly be met in city simulations. Therefore, one should not aim at hauing the mcu:imum group 
size. The optimal group size is about 8-1! measures. 

Nowadays, much is being published describing data about emission reduction measures for a 
number of industries. One can hardly recommend universal methods of defining the technical and 
economic characteristics of the available measures. Usually the most appropriate way to achieve 
the goal is to have experts who are familiar with the particular industries of the city /ret).on 
simulate the atmospheric protection problems. 

2.1.5 Landscape coefficient correction 

Some <Tij estimation is put into correspondence with each raster grid. This estimation shows 
the relative danger level of the air over the given raster. The calculated value of the estimation 
is dependent on the structure of the recipient in the given raster. In the other words, the ;.ralue 
of u;; depends on the combinations of territory types within the given raster. For cities, the 
main recipient is the population. As the calculations are performed for a one-year period, one 
could assume that during this time interval the population density is the same for the whole 
city. Under this assumption, the average population density used for the estimation of the <Tij 

coefficients is used in the IPAC system. For regions, where the population density is different 
and where the average <Tij coefficients are calculated by the average population density, IPAC 
provides the option to correct tire calculated matrix values. This option is available in both the 
city and the region versions. 

Let us consider the nij definition method for the regular grid ra.c;ter (i,j). Suppose the ra.c;tcr 
area is equal to one. Using geographic: maps of the c:ity/rcgion, one ran clf'fine raster area.o; with 
different types of tNritorics. Let us a,o;i;ume there arc N typ<'s of tf'fritori<'s in the ra.o;t<'r (i,j), 
a.o; illustrated in Fig. 2.6. Then 
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Table 2.3: Atmospheric air pollution estimation for the \CLrious types of territories. 

where 

Polluted area type 
Recreation, sanatoriums, reserved areas, national parks 
Country area, country housing 
Urban areas with population density p persons/km2 

Industrial areas 
Forests 
Agricultural areas (from South to North) 
Gardens, wine production areas 
Cattle areas, dry grass production areas 

['I 

u,. = }:S,.u,., 
a;:I 

•=I 

The \'aloes of u,. are defined in Table 2.3. 

u value 
10 
8 
O.OOlp 
4 

0.5-1.5 
2-0.5 
3 
0.1-0.5 

(2.2) 

(2.3) 

NOTE: For the central part of cities of pof'Ulation greater then !00,000, u = 8 independent of 
the administmtiue density of the population. 

2.2 Defaidt data 

The set of data. required for system runs and for estimating pollutant transport patterns, eco­
nomic damage and coniferous forest danger includes metoorological, physical and chemical data 
that can be used for model adjustments. These data. are presented in Table 2.4. Each parameter 
was analyzed by the possible variations interval. The intervals were defined through a. careful 
analysis of published material and the results of experimental model runs. 
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Table 2-4: Default data of the IPAC system. 

~el Para.meter 
Meso-scale S02 residence time in the atmosphere relative 
sulfur to chemical transformation into so!-
transport model S02 dry deposition rate 
(region) so!- dry deposition rate 

Coefficient of S02 washout from the atmosphere 
Coefficient of so!- washout from the atmosphere 
Time inten-al . 
Atmosphere stratification parameter 
Number of wind direction 
Accuracy of calculation 

Meso-scale NO residence time in the atmosphere relative lo 
nitrogen chemical trans!' ormation into S02 

e transport model N02 residence time in the atmosphere 
(region) relative to chemical transformation into PAN 

N02 residence time in the atmosphere relative to 
chemical transformation into HN03 
(OH- reaction) 

N02 residence time in the atmosphere relative to 
chemical transformation into HN03 
(H20- reaction) 

llN03 residence time in the atmosphere relative 
to chemical transformation into N03 

NO dry deposition rate 
N02 dry deposition rate 
HN03 dry deposition rate (in gas) 
HN03 and NOj' dry depositio11 rate (in aerosol) 
Coefficient of N02 washout from the 

atmosphere 
Coefficient of HN03 washout (in gas) 

from the atmosphere 
Coefficient of HN03 and NO~ washout (in gas) 

from the atmosphere 
Por~ion N02 in NO.r emission 
Concentrations 0 3 surface atmosphere 

Micro-scale Dissipation coefficient 
pollutant Number of wind direction 
transport model Accuracy of calculation 
(city) 

Economic Average specific economic damage 
damage model 

Coniferous Thrcsholcl valut> 
forest rnocld 

Frliru'lry 2·1. I !l~O - I;, -

Value 
15 h 

0.015 m/s 
0.0025 m/s 
3.6 mm-1 
5.5 mm-1 

IO min 
0.09 
48 

0.05 

0.3 h 

40 h 

15 h 

20 h 

40 h 

0.0007 m,'s 
0.008 m/s 
0.015 m/s 
0.003 m/s 
9.0 mm-1 

6.1 mm- I 

6.1 mm-1 

53 
30 .50 pph 

200 
36 

0.05 
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3 Test Listings 

Several lest listings are presented in this section. The listings contain data on a city anti a 
region. They represent the complete set of final data that the system can provide for a particular 
analysis. The data can be used for the system consistency tests and its presentations. 

3.1 Data about a City 
Greeafield 

TOTAL aa.ber ef •o•rcff: 12 

-------------------------------------------------------------------
Viad directioaa Ve at I-Vest lord I-Ease S-East 

aeiteruioa 0.150 0.170 0.130 0.100 0.100 0.100 o.uo 0.140 

----------------------------------------------------------------------------------------------------------
lleaa uua•al •peed of tlle •iH aear tlae Hrface (ra/a): 5.5 
lleaa uua•al air t...,.rat•re (C) : 5 .0 
AYerage air t....,.rat•re ia J•ly or Jaa•ary (C): 19.0 

hplar grid par-ten foa tlle city : 
Tiie 'l'laatity of cells froa tlae Vest to tlae East (I-axes): 9 
Tiie 'l'l&ality of cells froa tlle So•tll to tlle lord(J-axes): 6 
Grid step(.._): 1.0 
Accaracy of tile "SIGllA" calc•lati-: 4 

Poll•taat a..Wrs apoa wllicll tile data llaa beea entered: l 2 3 4 5 6 

Polhtaat AgreaaiYeaeaa llOPC 

l. C-at Bast 45.0 0.500000 
2. 502 16.5 0.500000 
3. IOx 41.l 0.085000 
4. 03 4.6 0.200000 
5. IF 980.0 0.020000 
6. co l.O 5.000000 

"SIGllA aatrh" 
Greenfield 

6 l.60 2.40 2.70 0.80 3.40 3.90 3.10 5.20 5.90 
5 4.00 4.00 4.00 6.20 7.80 6.30 4.60 4.20 3.40 
4 2.30 2.60 2.90 3.60 2.80 l.30 1.40 1.40 2.30 
3 l.60 o.so 0.80 3.10 3.60 2.30 2.70 2.80 4.30 
2 4.00 4.00 I.SO l.90 5.20 5.10 5.20 6.30 7.00 

4.00 3.60 1.30 1.80 4.20 4.60 5.00 4.10 3.20 
2 3 4 5 6 7 8 9 
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Jafonaatioa aboat tko aoarcoa 
Greoafiold 
Listiag l 

ISoarcolloig.IDi ... I 
la .. borl I I 

t.iH. lt.ias. ICoof. I 
temp. lrato ISIGll&I TSP 

Total -iasioa of pollataata, ltoQ/Jo&r Soarco 

•------------------------------------------1Coonliaatos.t.1 
I I • I • I c I 3 lfor I sop. I TSP I GAS 1 I GAS 2 I GAS 3 I GAS 4 I GAS 5 I ClS 6 l ______________ I 

I I I I I• /a !soar.I I I I I I I I I I I T I 

I 2 I 3 I 4 s I 6 I 7 8 9 10 11 12 I 13 14 15 I I' I 

l. 1200.01 e.11 138.0 225.91 3.471 o.o I 0.5001 25.4500! 1.1501 0.0001 0.0001 1.3341 0.0001 2.25 3.501 
2. I 83.0I 7.41 220.0 303.81 3.891 o.o I 0.2101 9.7001 0.5401 0.0001 0.0001 0.0001 0.0001 7.50 4.901 
3. 1103.0I 4.81 200.0 81.71 3.491 o.o I 0.0541 1.2001 0.1001 0.0001 0.0001 0.0001 0.0001 5.70 2.101 
4. I 20.01 0.61 210.0 0.31 4.671 o.o I 0.0001 0.1301 0.0201 0.0001 0.0001 0.0001 0.0001 4.49 4.921 
5. I 20.01 0.31 200.0 0.51 1.951 o.o I 0.0701 0.0901 0.0101 0.0001 0.0001 0.0161 0.0001 2.67 t.831 
6. I 18.0I 0.61 Ui0.0 0.11 3.541 o.c ! 0.0501 0.0401 0.0001 0.0001 0.0001 o.ooel 0.0001 8.22 2.431 
7. I 1s.01 0.51 45.0 0.01 1.401 o.o I 0.45001 0.45001 0.0001 0.0001 0.0001 0.1401 0.0001 6.46 3.811 
a. I 24.0I 0.81 180.0 0.51 4.351 o.o I 0.0101 0.1401 0.0101 0.0001 0.0001 0.0021 0.0001 3.57 3.301 
9. 1102.01 2.01 45.0 19.41 3.181 o.o I 0.0001 9.7001 4.3001 O.OOl>I 0.0001 0.0001 0.0001 t.50 5.161 

10. I 33.0I o.81 20.0 1.61 4.221 81.0 I 1.1001 0.0001 0.0001 0.0001 0.2201 0.0001 0.0001 4.31 1.661 
11. I 30.0I 0.41 20.0 t.51 4.301 o.o I 3.2001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 5.12 3.871 
12. I 23.0I 0.61 37.0 2.61 2.011 o.o I 0.0201 0.0001 0.0001 1.5031 0.0081 0.0001 0.0001 1.91 t.721 

--------------------------------------- --------------------------------
!Total -i••ioa of pollataats ia citJ s.81 47.21 6.11 t.51 0.21 t.51 0.01 
-------------------------------------------------------------------------------

Raxi• .... issions data 
Crooafiold 
Listing l 

l!oarcol Rax .. issioa of pollataata, g/• 
I na.bor 1--------------------------------------------------
1 I TSP I GAS l I GAS 2 I C&S 3 I GAS 4 I GIS 5 I CJS 6 I 
I I I I I I I I I 

17 11 19 20 21 22 23 

l. 40.30 990.00 312.00 0.00 ! o.oo I 107.50 0.00 
2. 40.60 961.00 7:::..60 o.oo I o.co I 0.00 0.00 
~- 10.10 560.30 18.40 o.oo I 0.00 I 0.00 0.00 
'i. 0.00 8.00 0.70 o.oo I 0.00 I 0.00 0.00 
5. 3.70 4.90 0.40 o.oo I 0.00 I 0.80 0.00 
6. 2.70 2.70 0.00 o.oo I 0.00 I 0.50 0.00 
7. 3.90 3.60 0.00 o.oo I o.oo I 0.90 0.00 
8. 1.00 12.00 1.10 o.oo I o.oo I 0.20 0.00 
9. 0.00 304.60 132.40 o.oo I 0.00 I 0.00 0.00 

10. 7.40 0.00 0.00 o.oo I 6.90 I 0.00 0.00 
11. 62.20 0.00 0.00 o.oo I o.oo I 0.00 0.00 
12. 3.50 0.00 0.00 46.oo I 0.30 I 0.00 0.00 

E.ission diatriba:ioa for the pollataat aaabor I <l> 
Groenf ield 
Ce•ont Oust 

6 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.61 0.00 
4 0.00 0.00 8.60 0.17 0.00 55.04 10.3'2 0.00 0.00 
3 0.00 0.00 0.00 0.00 0.00 0.93 o.oo 0.00 0.116 
2 0.00 0.34 I .20 0.00 111.92 0.00 o.oo 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
I l 3 4 5 6 7 a 9 

Total a•iuion of the pollutant nn11ber l CKton•/JHr) • 5.814 
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So•rcos distribu~ioa for t•• poll•taat allllber 
Greoafield 

6 
s 
4 

3 
2 
1 

1 2 3 4 s 6 1 8 9 

1 

1 
1 1 

---------------------------
Total a.-..r of aoarcu poll•taat 1 • 10 

Eaiaaioa diatribatioa for t•o pollataat a...,_r 2 
Gr-•f iold 
502 

6 0.00 20.SS 0.00 0.00 0.00 0.00 0.00 

(1) 

0.00 
s 0.00 0.00 0.00 0.00 0.28 0.00 0.00 20.SS 
4 0.00 0.00 54.24 0.30 0.00 0.00 1.27 0.00 
3 0.00 0.00 0.00 0.00 0.00 2.54 0.00 0.00 
2 0.00 0.00 0.19 0.00 0.00 0.00 0.00 0.00 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

2 3 4 s 6 7 8 

Total -iHioa of tllo poll•taat a..t.or 2 (ltoas/yoar) • 

So•rcos distribatioa for t•o pollataat a.-..r 2 
t.ooafiold 

6 
s 

1 2 3 4 s 6 1 a 9 

---------------------------

4 1 
3 
2 

------------~-------------

Total a..tior of so•rces poll•taat 2 • 9 

Eaissioa distribatioa for tllo pollataat •...,.r 3 Cl> 
Grooaf ield 
10:1 

6 0.00 70.15 0.00 0 00 0.00 0.00 0.00 0.00 
s 0.00 0.00 0.00 0.00 0.33 0.00 0.00 8.81 
4 0.00 0.00 18.76 0.16 0.00 0.00 0.00 0.00 
3 0.00 C.00 0.00 0.00 0.00 1.63 0.00 0.00 
2 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.00 

o.oo 0.00 ~-00 0.00 0.00 0.00 0.00 0.00 
2 3 4 5 6 7 8 

0.00 
0.00 
0.00 
0.08 
0.00 
o.oo 

9 

47.200 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

9 

Total .. iasioa of th• pollataat aaaber 3 (ltoas/yoar) • 6.130 
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So•rcos di5trib•tioa for tho poll•t .. t a ... bor 3 
CrHafilld 

6 
5 

t 2 3 4 s 6 7 a 9 

---------------------------

4 l 
3 
2 l 
l 

---------------------------
Total •..._r of ao•rcoa pollataat 3 • 7 

Emiaaioa diatribatioa for t•o pollataat •amber 4 
CrHafiold 
D3 

6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.00100.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 2 3 4 5 6 7 

(l) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

8 

Total -isaioa of t•o pollataat a.....,.r 4 <lto .. /roar) • 

Soarcoa diatri~tioa for t•• pollataat •llmbor 4 
Crooafiold 

6 
5 
4 
3 
2 

l 2 3 4 5 6 7 8 9 

---------------------------

---------------------------
Total allllbor of •oarco• pollataat 4 • 

Eai••ioa diatribatioa for tho pollat .. t a .. bor 5 
Groonf iold 
IF 

6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.00 3.51 0.00 0.00 96.49 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 3 4 5 6 7 

<X> 

0.00 
0.00 
0.00 
o.oc 
0.00 
0.00 

8 

Total .. i••ioa of the poll•taat a ... bor 5 (ltoa•/roar) • 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

9 

1.503 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

9 

0.228 
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Sources distribution for the pollatant n .. ber S 
Greenfield 

6 
s 
4 
3 
2 
l 

2 3 4 s 6 7 8 9 

---------------------------

l l 

---------~----------------

Total allllber of soarces pollataat S • 2 

E.issioa distribatioa for the pollataat •amber 6 
Greenfield 
co 

6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
s 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.00 0.00 88.93 0.13 0.00 0.00 9.33 
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.00 0.00 1.07 0.00 0.00 0.00 0.00 
l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

l 2 3 4 s 6 7 

(1) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

8 

Total .. ission of the pollataat ... ber 6 (ltons/7ear) = 

Sources diatribation for the pollatut nu.ber 6 
Greenfield 

6 
s 
4 
3 
2 

l 2 3 4 s 6 7 8 9 

---------------------------

l l 

l 

---------------------------
Total n .. ber of soarces polhtaat 6 • S 

Fr.hmary 21, I !)!)Q . 20 -
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0.00 
0.00 

9 

1.500 



Ecosoaic du.ago atnocturo ia tho city 
GrHafiold 

Listiag I 

ISoarcol Total ocoaoaical d .. ago coapoaoats, Thoas.S/yr I 
la-..borl--~------------~----------------------------------------~---------1 

I I TSP I GAS I I GAS 2 I GAS 3 I GAS 4 I GAS 5 I GAS 6 I 
I I I I I I I I I 

2 3 4 5 6 7 8 

Ecoaoaical 
o .. ago 
Totals 

Thoas.S/yr 

9 

Ecoa-ical 
Daaago 
Totals 

1 

10 

-------------------------------------------------------------------------------------------------------------I. 1875.71 331.0I 37.ol 0.01 0.01 LOI 0.01 2244.78 10.01 
2. 883.ol 218.61 30.31 0.01 0.01 0.01 0.01 1131.90 5.05 
3. 203.61 21.71 4.51 0.01 0.01 0.01 0.01 229.83 1.02 
4. 0.01 8.51 3.21 0.01 0.01 0.01 0.01 11.70 0.05 
5. 147.81 2.51 0.71 0.01 0.01 0.01 0.01 151.00 0.67 
6. 191.41 2.21 0.01 0.01 0.01 0.01 0.01 193.61 0.86 
7. 907.21 16.61 0.01 0.01 0.01 0.21 0.01 924.08 4.12 
8. 46.91 8.21 1.51 0.01 0.01 0.01 0.01 56.65 0.25 
9. 0.01 292.81 323.41 0.01 0.01 0.01 0.01 6&6.19 2.75 

10. 976.81 0.01 0.111 0.01 961.81 0.01 0.01 1938.61 8.64 
II. 14860.81 0.01 0.01 0.01 0.01 0.01 0.01 14860.80 66.24 
12. 43.41 0.01 0.01 15.41 17.51 0.01 0.01 76.31 0.34 

!Total I 20136.51 902.21 400.61 15.41 979.31 t.31 o.ol 22435.46 I 
Jal. I 89.81 4.0I 1.81 0.11 4.41 0.01 o.ol I 100.00 I 

~-----------------------------~---------------------------------------------------------------------------

EcOll09ic d ... g• distribution ia tho city (1) 
Grooafiold Pol lat ant 

c-at Dast 

11 of tho oconoaic d .. ago z 201.365 Thous .S/yr 
6 0.22 0.25 0.31 0.33 0.34 0.37 0.42 0.23 0.33 
5 0.25 0.18 0.09 0.28 14.17 23.68 0.44 0.33 0.37 
4 0.25 0.14 0.05 0.36 14.23 23.29 4.90 0.44 0.47 
3 0.24 0.31 0.46 0.85 2.10 0.31 0.32 0.48 0.80 
2 0.22 0.33 0.54 0.82 2.58 0.29 0.28 0.26 0.27 
I 0.19 0.20 0.22 0.21 0.20 0.20 0.20 0.20 0.16 

2 3 4 5 6 7 8 9 

Ecom1C111ic daaago distribution in tho city Cl> 
Greenfield Pollutant 2 

S02 

11 of tho ocoao.ic d .. ago • 9.022 Thous.S/yr 

411 4.31 3.74 5.18 3.78 2.72 l.88 l.69 0.92 l.33 
3.85 4.45 3.91 3.27 2.32 l.90 l.73 l.12 l.44 

4 2.34 2.66 2.11 1.96 l.76 i.n 3.64 l.73 l.66 
3 0.84 0.74 0.55 1.22 1.60 1.59 1.62 l.65 l.67 
2 0.87 0.86 0.92 1.00 1.37 1.47 l.47 l.44 l.35 

0.81 0.85 0.87 0.87 0.84 0.94 l.11 l.25 l.04 
2 3 4 5 6 7 8 9 

Eco110•ic d .. ag• distribution in tho city Cl> 
Grooafiold Pollutant 3 

1011 

11 of the ocono•ic d .. ag• • 4.006 Thous.S/yr 
6 8.79 7.49 10.03 6.02 2.54 0.60 0.49 0.25 0.39 
5 7.75 10.12 8.60 5.48 l.46 0.60 0.50 0.32 0.42 

4 4.09 S.97 4.81 l.83 O.S3 0.51 0.53 O.Sl 0.48 

3 0.22 0.42 0.18 0.37 0.46 0.45 0.47 0.47 0.44 

2 0.23 0.23 0.27 0.28 0.39 0.42 0.43 0.42 0.39 

o. 21 0.22 0. 23 0.23 0.22 0.26 0.31 0.36 0.30 
2 3 4 s 6 7 8 9 

February 24, 19!)0 • 21 • 
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Ecoao.ic d.._g• distrib•tion in t•• citJ (1) 
Greenfield Pollataat 4 

IH3 

11 of tke econ010ic d--.ge • 0.154 llao••-t/rr 
6 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 3 0.00 13.64 14.88 0.00 0.00 0.00 0.00 0.00 0.00 2 0.00 32.57 38.91 0.00 0.00 o.c.o 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

1 2 3 4 5 6 7 8 9 

Ec....,.ic d .... e distrilHation ia t•• citJ (1) 
Greenfield Pollatut 5 IF 

11 of tke econ010ic d--.ge • 9.793 Tlaoaa.$/Jr 
6 0.00 O.GO 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 5 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4 o.oo 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 3 0.00 0.24 0.27 5.15 29.20 0.00 0.00 o.oo o.oo 2 0.00 0.58 0.70 6.76 57.10 0.00 0.00 0.00 o.oo 

0.00 O.GO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 2 3 4 5 6 7 8 9 e 

Ec....,.ic d~•g• distribati~a in tbe citJ <X> 
Greenfield Pollataat 6 co 

11 of tbe ecoa .. ic d~e • 0.013 Tlaoas.$/Jr 
6 1.79 L68 1.59 1.72 1.79 1.68 1.53 1.38 1.23 5 1.68 0.85 0.15 0.94 1.78 1.75 1.59 1.42 l.'?6 4 1.59 0.55 0.06 1.02 1.79 1.76 19.14 1.50 1.49 3 1.72 1.32 1.48 1.77 1.80 1.73 1.53 1.72 2.56 2 1.79 1.80 2.28 2.10 1.78 1.66 1.51 1.38 1.31 1.68 1.75 1.78 1.73 1.66 1.55 1.43 1.29 1.16 

1 2 3 4 5 6 7 8 9 

Total ·~....,.ic d .. age distribatioa ia tbe citJ CU 
11 of tb., ecoa-ic d.._g• • 224.355 11aoas.l/1r 
Greenfield 

6 0.53 0.51 0.67 0.56 0.46 0.42 0.46 0.25 0.36 5 0.5~ 0.52 0.40 0.48 12.84 21.34 0.47 0.34 0.40 
4 0.40 0.34 0.22 0.43 12.86 20.98 4.56 0.47 0.50 e 3 0.26 0.34 0.46 1.05 3.23 0.35 0.36 0.51 0.79 
2 0.24 0.39 o.58 1.08 4.87 0.32 0.31 0.30 O.JO 

0.20 0.22 0.24 0.23 0.22 0.22 0.23 0.24 0.19 
2 3 4 5 6 7 8 9 

February 2'1, 1!)!)0 - 22 -
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• 

Greenfield 
In citJ grid are 6 linas and 9 cola.ns 

Calculations are taken for 6 pollutants 
luabers ox pollutant• used in calculations 
Dangerona •ind speeds (a/s): 
1-st direction - sind frot1 the Vest ~o the 
Step 10 deg. going clockwise 
Relief dispersion coefficient • 200. 

Nap of aaxiaal aoraali.zed cor:entratioas 
GrHnfield 
c-nt Dan 

pollatut 1 

2 3 4 5 6 
0.5 0.8 1.5 0.8 0.5 0.5 

East, 

Pollatioa iadez • 21.59 l•ber of ruters • l 

6 0.00 0.00 0.08 0.13 0.27 0.49 0.33 0.16 0.09 
5 0.00 0.05 0.08 0.17 o.so 21.59 0.76 0.33 0.10 
4 o.oo 0.00 0.08 0.15 0.34 0.78 0.42 0.19 0.13 
3 o.oo 0.06 0.61 0.64 0.20 0.21 0.17 O.H 0.19 
2 0.00 0.00 0.11 0.10 0.17 0.10 0.09 0.07 0.05 

0.00 0.00 0.00 0.00 o.os 0.06 o.os 0.()1) 0.00 
l 2 3 4 5 6 7 8 9 

Table of naabers of dangerous wind directions pollutant 1 
l ' 3 4 5 6 7 8 9 

6 
5 
4 
3 
2 
1 

---------------------------
14 

---------------------------

Rap of 11&Zill&l nor.alized concentrations 
Greenfield pollutant 2 
502 

Pollution indez • 14.21 luaber of rasters z 10 

6 1.34 1.83 1.77 1.22 1.22 1.33 0.45 0.35 
5 1.01 1.40 1.40 1.01 0.62 0.43 0.43 0.52 
4 0.67 0.85 0.85 1.06 1.65 0.49 0.35 0.28 
3 0.44 0.52 0.52 0.76 0.50 0.44 0.33 0.26 
2 0.31 0.40 0.39 0.57 0.36 0.33 0.29 0.32 

0.31 0.35 0.35 0.37 0.36 0.32 0.23 0.33 
2 3 <! s 6 7 8 

0.30 
0.31 
0.28 
0.43 
0.38 
0.40 

9 

Table of n1111bers of dangerous vind directions pollutant 2 
1 2 3 4 s 6 7 8 9 

---------------------------
6 20 21 35 36 18 2 
s 26 30 
4 22 33 
3 
2 

---------------------------

Fl'bruary 24, 1990 . 2:1 -
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llap of •axiaal noraalized concentrations 
Greenfield polhtut 3 
I Ox 

Pctll•tion iadez. • 67.38 lllldler of rasters • 30 

6 3.66 4_g 4.67 3.57 2.23 1.90 1.07 0.80 0.67 
5 3.oa 4.05 4.05 3.oa 1.90 1.36 1.00 0.81 0.67 
4 2.03 2.60 2.60 2.03 2.31 1.25 0.99 0.79 0.69 
3 1.38 1.69 1.73 1.59 1.43 1.22 0.96 0.74 0.69 
2 1.03 1.20 1.24 1.50 1.23 1.04 0.89 0.81 0.75 

0.91 1.01 1.07 1.03 1.00 0.87 0.78 0.71 0.86 
l 2 3 4 5 6 7 8 9 

Table of a.-.rs of dugerou dad directiou poll•tut 3 
l 2 3 4 5 6 7 8 9 

---------------------------
6 20 21 35 36 l l 
5 23 26 30 33 35 35 
4 25 27 29 31 33 34 
3 25 27 29 31 32 33 
2 27 28 30 31 
1 28 

---------------------------

llap of 11&Xi11&l noraalized concentrations 
Creenf iold poll•tut 4 
113 

Pollation iadez • 46.94 laaber of rasters • 

6 0.40 0.45 0.49 0.45 0.38 0.31 0.26 
5 0.57 0.76 0.86 0.70 0.53 0.38 0.30 
4 0.83 l.62 2.39 1.48 0.77 0.47 0.33 
3 1.15 4.18 18.81 2.99 0.911 0.51 0.35 
2 1.04 2.93 6.53 2.33 0.91 0.51 0.35 

0.71 1.13 l.39 1.04 0.66 0.44 0.32 
2 3 4 5 6 7 

12 

0.21 0.18 
0.23 0.20 
0.25 0.21 
O.:M 0.21 
O.:M 0.21 
0.25 0.20 

8 9 

Table of naabers of d&Ageroaa •iad directioaa pollatut 4 
1 2 3 4 5 6 7 8 9 

6 
5 

---------------------------

4 14 10 6 
3 18 17 8 2 
2 
1 

23 29 34 
25 28 

---------------------------

llap of aaxiaal noraalized concentrations 
Greenfield pollatant 5 
KF 

Pollution index • 19.17 lu•ber of rasters • 

6 0.25 0.29 0.34 0.40 0.42 0.42 0.38 
5 0.28 0.34 0.43 0.56 0.64 0.61 0.50 
4 0.31 0.42 0.56 0.83 1.'23 1.10 0.71 
3 0.38 0.64 0.94 I. 24 6.69 2.77 0.94 
2 0.37 0.50 0.62 1.13 2.98 2.01 0.88 

0.30 0.40 0.51 0.73 0.96 0.88 0.63 
2 3 4 5 6 7 

Fdm1ary 21, 1!)!)0 

8 

0.33 0.28 
l'.40 0.32 
0.48 0.36 
0.54 0.38 
0.53 0.38 
0.46 0.34 

8 9 

- 21 -
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• 

Table of a .. bora of daagero,.. oiad directioaa pollotaat S 
l 2 3 4 s 6 7 • 9 

6 
s 
4 
3 
2 

Grooaf ield 

11 7 
18 14 4 
22 25 33 

Iaitial -Uor•• databuo for -i••ioa docroaoo ia t•• •••rcoo c-+-iacroaso, ---••croaoo) 

groap 1 

-------------------------------- ----------------------------------
llloas. !Capital l&aaoal I Pollotaato -1ooioa Yariati-., l IEcoa .. ic I 
la ..... rlcooto lcooto I- -----------1•-r I 
I ITJiou.S ITJiou.S/I TSP CAS 1 C&S 2 GAS 3 CIS 4 I GAS S I GAS 6 lwariatioal 
I I lr••r I I I I t I 

------------------------ -----~--------------------------
I 1 2 3 4 s 6 7 • 9 10 11 

------ ------------------------------------------
l. 700.ol 157.ol -8.6001 -54.241 -4.691 0.001 0.001 -89.601 0.001 -9.911 
2. 158.61 38.SI -6.AOI 0.001 n.001 0.001 0.001 0.001 0.001 -8.271 
3. 70.81 a.SI 0.0001 0.001 -4.221 0.001 0.001 0.001 0.001 -o.oal 
4. 4940.ol 63.SI 0.0001 0.001 -11.261 0.001 0.001 0.001 0.001 -0.141 
s. 95.21 27.SI 0.0001 0.001 -2.641 0.001 0.001 0.001 0.001 -0.0SI 
6. 87.SI 23.31 '.).0001 0.001 -4.401 0.001 0.001 0.001 0.001 -0.071 
7. 330.ol 62.0I -0.9291 ·2.541 -0.411 0.001 0.001 0.001 0.001 -1.0ll 

•• 174.tl 35.41 -0.7431 0.001 0.001 0.001 0.001 0.001 0.001 -0.891 
9. 77.81 S.SI 0.0001 0.001 -0.491 0.001 0.001 0.001 0.001 -0.011 

10. 71.SI 1.21 0.0001 0.001 -0.821 0.001 0.001 0.001 0.001 -0.011 

----·------------------------------------

group 1 

llloaa. I Iadoll wariatioa, l !Total 
la .. borl-------------------------------------------liadox 
I I TSP I GAS l I GAS 2 I GAS 3 I GAS 4 I GAS S I GAS 6 lwariatioal 
I I I I I I I I I l I 

---------------------------------------------------------------------------------
I 1 12 13 14 15 16 17 18 19 

---------------------------------------------------------------------------------l. 0.001 0.001 -0.271 0.001 0.001 0.001 0.001 -0.181 
2 . 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
3. 0.001 0.001 -0.251 0.001 0.001 0.001 0.001 -0.171 
4. 0.001 0.001 -3.681 0.001 0.001 0.001 0.001 -2.481 
s. 0.001 0.001 -0.031 0.001 0.001 0.001 0.001 -0.021 
6. 0.001 0.001 -0.111 0.001 0.001 0.001 0.001 -0.071 
7. 0.001 0.001 0.001 0.001 0.001 0.00~ 0.001 0.001 
8. 0.001 0.001 0.001 0.001 0.00! 0.001 0.001 0.001 
9. 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

10. 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

F,.hruary 24, Hl!lO - 25 -
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lloe table of the iaca.patible .. -..res 
groap l 

l 2 3 4 5 6 T 8 9 10 
l • • 

2 • • • 
3 •• 

4 
5 
6 
T 
8 
9 

10 

Gr-:fiel• 

• • • 
• 

• 
• • 
• • 

• 
• 

Iaitial -uaroa database :for -iasioa decrease ia tho soarca (•+•iacrouo, ---docro ... ) 

....... le.pita! 
l•...,.rlcoats 

llaaaal I Pollataata -i••i- 'l'ariati ... , l IEc••-ic I 
lcoata 1----------------------------------------14-g• I 

I ITlloaa.S 
I I 

ITJao ... S/I TSP I GAS 1 I GAS 2 I GIS 3 I CIS 4 I CIS S I C&S 6 lwariatio•I 
lroar I I I I I I I I l I 

-------------------------------------------------------------------------------------------------------2 3 4 5 6 T 8 9 10 11 

-----------------------------------------------------------------------------------------------------------1. 16.81 9.11 0.0001 -0.281 -0.231 0.001 0.001 0.001 
2. 10.01 l.61 0.0001 -0.041 -0.331 0.001 0.001 0.001 
3. 6.01 0.41 -1.1851 0.151 0.331 0.001 0.001 -1.071 
4. 6.01 0.41 -0.8431 0.061 0.001 0.001 0.001 -0.531 
5. 9.01 0.61 -1.0111 0.081 0.001 0.001 0.001 -0.931 

groap 2 

1110 ... I Iadox nriati-. l !Total 
laaaborl--------------------------------------------------liadez 
I I TSP I C&S l I C&S 2 I C&S 3 I C&S 4 I C&S 5 I C&S 6 lwariatioal 
I I I I I I I I I l I 

I 1 12 13 14 15 16 17 18 19 

---------------------------------------------------------------------------------1. 0.001 -7.581 -0.371 
2. 0.001 -T.581 -0.521 
3 . 0.001 0.001 -0.161 
4. 0.001 0.001 0.001 
5. 0.001 0.001 0.001 

Tiie table of the iac .. patibl• .. asur•• 
group 2 

2 3 4 5 
1 • • 
2 • • 
3 • 
4 • 
5 • 

1-'chrnary 21, I !}!)0 

0.001 0.001 0.001 0.001 -1.321 
0.001 0.001 0.001 0.001 -l.431 

0.001 0.001 0.001 0.001 -0.111 
0.001 0.001 0.001 0.001 0.001 
0.001 0.001 0.001 0.001 0.001 

. 26. 

0.001 -0.051 
0.001 -1.011 
0.001 -0.991 
0.001 -1.001 
0.001 -0.991 

. . 

t 

1. 

t:~ .~. 
;_ .. · ... -



Greeafiel4 
Iaitial .. aaar•• database for oai••ioa 4ecreuo ia t~o aoarcos (-+-iacroaso. ---4ocroaso) 

llloas. !Capital 
I •amborl coats 

f.laaaal I Pollataata oaiaaioa •ariati ... , 'l IEcoaoaic I 
fcoata 1-----------------------------------------------------14....- I 

I fTlooaa.S 
I I 

fTlooH.S/I TSP I c;.as l I GAS ~ I GAS l I GAS 4 I GAS 5 I GAS 6 lnriatioal 
froar I I I I I I I I 'l I 

2 l 4 5 6 7 8 9 10 11 

-------------------------------------------------------------
1. 7840.ol 165.0I 0.0001 -20.SSI -70.151 0.001 0.001 0.001 0.001 -2.701 
2. 650.0I 99.0f -18.8041 0.001 0.001 0.001 -96.UI 0.001 0.001 -8.401 
l. 60.41 17.ol -53.9941 0.001 0.001 0.001 0.001 0.001 0.001 -69.151 
4. 1260.0I 78.0I 0.0001 0.001 0.001 -94.701 -1.431 0.001 0.001 -0.091 

groap l 

lhu. I I..toa •ariatioa, 1 I Total 
l•amborl-------------------------------------11--
1 I TSP I GIS l I GAS 2 I C:AS 3 I C:AS 4 I GAS 5 I C:AS 6 hariatioal 

91 I I I I I I I I 1 I 

• 

12 13 14 15 16 17 

1. 0.001 ~2 "41 -70.021 0.001 0.001 0.001 
2. 0.001 o.oo: 0.001 0.001 ~-~1 0.001 
3. -80.131 0.001 0.001 0.001 0.001 0.001 
4. 0.001 0.001 0.001 -76.821 0.001 0.001 

----------------------------------------------------

Tllo tablo of t~o iac .... atiblo .. aaaros 
groap 3 

l 2 3 4 
I • 
2 • 
3 • 
4 • 

Frhruary 24, I!)!)() . 27. 

18 19 

0.001 -~.061 

0.001 -11.611 
0.001 -17.301 
0.001 -36.061 

----------

..... ~-
;- ··:. 
~ -;.~ 

f .:ii. 
!-:·~ 
~ .. ~ ·-

•· . .. . .... 
1 •·. 

i 
I -. 

. .. , ...... 
k{~; 



IESULTS OF llULTIQITDI.l OPTllUUTIOS 

P.llUll£TDS OF 11£.lSllU SET 

Criteri .. 1..._r 
lawesc..at ($ ailliea) 

Eaissi•• wariatioa (1) 
C-t Dul 
S02 
IOz 
D3 
IF 
co 

C.aceatratiea wariatiea (1) 
C-at Dut 
S02 
I Oz 
D3 
lfF 

co 

-1 Iadez Yariat ioa (U 

a 
9.28 

-114.44 
-7'.53 
-74.84 

:>.00 
-96.49 
-92.13 

-94.H 

-80.13 
-70.12 
-70.99 

0.00 
;a_~ 

0.00 

-51.21 

1£SULTS OF llULTICUTDU OPTilllUTIU. 

P.lUllETEIS OF llE.lSUIE SET 2 

Criterioa l...,.r 
lawestaeat ($ aillioa) 

Eaissioa wariatioa (1) 
c-at Dast 
S02 
I Ox 
IH3 
RF 
ClJ 

Ecoaoaic Daaage wariatioa (l) 

•
entratioa 
c .. ent Dase 
SOl 
I Ox 
IH3 
HF 
co 

Total Index 

nriation (U 

nriation <U 

t'chnrnry 24, l!)!lO 

16 
14.76 

-72.80 
-20.59 
-81.73 
-94.70 
-97.92 

0.00 

-81.51 

-80.13 
-70.12 
-74.23 
-76.82 
-60.56 

0.00 

-73.81 

- 28 -
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1£SULTS OF llULTIQITDll OPTIIUUTim 

PllWIETDS OF lll£lS1lu: SET 3 

Criteri .. l..._r us 
l••••C-t <• •illi .. ) 1.98 

Eaiui .. ••riati- (U 
C:-.t Dut -72.80 
S02 -0.0I 
IOz -0.33 
D3 -94.70 
IF -97.92 
ca 0.00 

Ec-1c o-g. nriati .. CU -78.SCS 

c..ac .. trati .. Yariati .. CU 
C-at hat -eo.13 
S02 -7.58 
IOz -0.52 
D3 -7•.82 
IF -.0.56 
ca 0.00 

e Tetal Iade.1 •ariatiaa CU -39.22 

IESULTS OF lllUl..TIQITDll OPTIRIUTim 

PllWIETDS OF llElSUll SET 4 

Criteri .. lllllber u; 
l••••C-t <• •illi••> 9.82 

Eaisaioa •ariatioa (U 
C...at hst -72.80 
$02 -20.59 
IOz -70.47 
D.'1 -94.70 
IF -97.92 
co 0.00 

Ecoa .. ic D..age Yariatioa cu -81.36 

• Coaceatratioa nriatioa CU 
c-u Dast -80.13 
502 -70.12 
I Oz -70.55 
113 -7•.a2 
IF ~-56 
co 0.00 

Total lades Yariatioa ('1> -72.34 

Frhruary 21, l!)!}O - 2!} -
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lESULTS OF llULTICUTDU OPTIRIUTIOI 

PlUllETEIS OF lllElSUU: SET 5 

Criteri .. 1 .... r 
I••••t ... t (S •illi .. ) 

£ai••i•• Yariatiea (1) 
C-.t Dut 
502 
IOz 
113 
IF 
co 

C.acutrati .. 
C-at Dut 
502 
IOz 
113 
IF 
co 

•t•l Iadez 

wariatiaa <U 

Yariatiaa (U 

3 
13.74 

-a.so 
-74.83 
-94.28 

0.00 
0.00 

-a.so 

-13.90 

0.00 
-70.12 
-74.64 

0.00 
0.00 
0.00 

-35.59 

IESULTS OF llULTICUTDU OPrillIUTIOI 

Pllill£TDS OF llElSUll SET 6 

Criteri .. lllllbar 
l••••tllaat cs •illi••> 

U.is•i•• •ariatioa (1) 
C-at O.at 
S02 
1011 
1113 
IF 
co 

Ecoao.ic Da11a1e •ariatioa <1> 

~acea~ratioa 

• c-eat Dan 
50:2 
10& 
1113 
IF 
co 

Total Iadu 

wariatioa <U 

nriatioa <U 

Frhruary 24, !!)GO 

• 
1.44 

-84.44 
-53.98 
-4.69 
0.00 

-96.49 
-9:2.13 

-91.46 

-80.13 
-7.58 
-0.95 
0.00 

-60.56 
0.00 

-18.09 

. 30. 
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IESUl.TS OF llULTICl.ITOU DPTillIUTillS 

Pll&JIETD.S OF llEASUI£ SET 7 

Crit•ri .. l..i..r ll f -·· 

l••••-l (S •illioa) o.n 

Eaissi•• wariatioa (%) 
C-at Dut -9.n 
S02 -54.13 
IOI -8.91 
D3 0.00 
IF 0.00 
co -90.67 

Ec-o.ic 0-.. wariati- <t> -11.99 

C.ac•atrati- wariati .. (1) 

C-at Doast 0.00 
$02 -7.sa 
IOI -l.20 
113 0.00 
IF 0.00 
co 0.00 • Total Iad•I wariatioa <I> -l.ll 

llESULTS OF llULTICl.ITllU OPTllllUTIOI 

PllWIETDS OF ll£ISUll SET 8 

Criteri .. 1..-..r 11 
l••·•-t (S •illioa) 8.63 

Eaissioa wariation <t> 
C-at Dwst -9.79 
502 ··74.68 
IOI -79.06 
03 0.00 
HF 0.00 
.-r -90.67 

Econ-ic Daaage wariatio11 (1) -14.70 

• Conceatratioa wariatioa ('1) 

C...at Dwst 0.00 
502 -70.12 
ID a -71.22 
113 0.00 
IF 0.00 
co 0.00 

Total hdn wariation ('1) -34.23 

Fd1ruary 24, l!l!>O - 31 -



1£SULTS OF llULTICUTDil OPTillIUTim 

Pllil!ETOS OF llE&SUU: SET 9 

Criteri .. 1..._r 16 
Iawesc.eat Ct •illi .. > 6_92 

Eaisai•• wariati .. Cl> 
C-at hat -72-80 
S02 -0_04 
ma -11-Sf. 
~ -!M-70 
IF -W.92 
co 0.00 

Ecoe .. ic D..._. wariati•• Cl> -78-80 

Ceac-tratiea wariati•• (l) 
C-at hat -80-13 
502 -7_58 
IOa -4-21 
D3 -745-82 
IF -«50_56 
co 0-00 e Total Iaclez Yariatioa (l> -40-69 

Criterioa amober 8 Yalae ef capital costs 9_30 S •illioa 

ICroap llleas_ !Capital l&aaaal I Pollataat -isaioa wariati-. l IEcoa-ic I 
la.,....rla...,.rlcosts I costs l----~-~---~-~~-~~~-~-~-~~~-~-~--------------------1~ ... g• 
I I IS •ill•- IS •lla-/1 TSP I CAS 1 I GAS 2 I GAS 3 I GAS 4 I GAS~ I cas 6 lwariatioal 
I I I lrear I I I I I I I I t I 

-----------------------------------------------------------------------------------------------------------------I 2 3 4 s 6 7 8 9 10 lt l2 

-----------------------------------------------------------------------------------------------------------------3_ 3. 0.061 0.0171 -53.991 0.001 0.001 0.001 0-001 0-001 0_001 -69-151 
2- 4- 0.011 1)_0001 -0-MI 0-061 0.001 0.001 0-001 -0-531 0_001 -1.001 
2- 3_ 0_011 0_0001 -1-191 0.151 0.331 0.001 0.001 -1.071 0_001 -0.991 
'2. 5. 0.011 0.0011 -1.011 0.081 0.001 0.001 0.001 -0.931 0.001 -0.991 
2. 2. 0.011 0.0021 0.001 -0.041 -0.331 0.001 0.001 0.001 0.001 -1 .011 
1. 1. 0.701 0.1571 -8.601 -54.241 -4.691 0.001 0.001 -89.601 0.001 -9.911 
3. 2. 0.651 0.0991 -18.801 0.001 0.001 0.001 -96.491 0.001 0.001 -8.401 • 3. 1. 7.MI 0.1651 0.001 -20.551 -70.151 0.001 0.001 0.001 0.001 -2.701 

-----------------------------------------------------------------------------------------------------------------I Total 9.31 0.41 -M.441 -74.531 -74.MI 0.001 -96.491 -92.131 0.001 -94.161 

r .. hru;iry :.M. I !l!lO - :t? 
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!Groap lll•as. I Index wariatioas. 1 Total 
la ...... rla ..... rl--------------------------------------------------------------1 index I 
I I I TSP I GAS l I GAS 2 I GAS 3 I GAS 4 I GAS S I GAS 6 lwariationl 
I I I I I I I I I 1 I 

----------------------------------------------------------------------------------------
2 14 IS 16 17 18 19 lO 21 

----------------------------------------------------------------------------------------3. 3. -80.131 0.001 0.001 0.001 0.001 0.001 0.001 -10.221 
2. 4. 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
2. 3. 0.001 0.001 -0.161 0.001 O.CJI 0.001 0.001 -0 . .:>61 
2. s. 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
2. 2. 0.001 -1.sa1 -O.S21 0.001 0.001 0.001 0.001 -0.851 
l. l. 0.001 0.001 -0.271 0.001 0.001 0.001 0.001 -0.111 
3. 2. 0.001 0.001 0.001 0.001 -60.S61 0.001 0.001 -6.1161 
3. l. 0.001 -62.541 -70.021 0.001 u.001 0.001 0.001 -33.lll 

----------------------------------------------------------------------------------------I Total -80.131 -70.lll -70.981 0.001 ·-60.561 0.001 0.001 -51.211 

3.2 Data about a Region 
DirtJ S..kes YalloJ 

TOTAL a.abor of aoarcoa: ll 

lloaa aanual precipitation c .. 1,r>: 600.0 
lloaa aaaaal ••t period duratioa 0.12 
Roaa aanaal ••rfaco •ind spood (a/s): 5.l 

8-poiat svrf aco •ind roao Soutla S-llost lloat 1-ll•at lord I-East East S-East 

Roaa aaaaal rocarroaco ?.400 0.100 0.100 o.oso 0.050 0.050 0.050 0.200 

lloaa aaaaal •iziag la1or laoiglat (a): 750.0 

12-poiat aizing l•J•r •ind ro•• Dir.I Dir.2 Dir.3 Dir.4 Dir.S Dir.6 Dir.7 Dir.8 Dir.9 Dir.10 Dir.ti Dir.12 

lloaa aanaal rocarroneo 0.200 0.200 o.oso o.oso o.oso o.oso o.oso o.oso o.oso 0.050 0.100 0.100 

Roan annaal aarfaco air toaporaturo (C): S.O 

legalar grid par .. oters for the city 
Tllo quantity of cells fro• tlao llest to the East (X-axes): 
Tllo qaantity of cells fro• tho South to the lord(Y-axos): 
Grid stop (Ila): 

Accuracy of tho "'SIGllA" calculation: 

12 
9 

10.0 

Pollutant numbers upon ahich tho data has boon entered: 2 3 4 s 

Pollutant Agressiweneu 

1. Ce•ont Dust 45.0 
2. Sulfur Dioddo 22.f) 
3. litrogen Oddos 41.1 
4. a .. oniu• 4.6 
s. Carbon Dioxide 1.0 

Fi-hruary 21, l!)!)O 
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-su;11a -trh­
Oirty S.Ok•s lall•Y 

9 

a 
7 

6 
5 
4 
3 
2 

0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 
0.90 0.90 4.60 4.60 2.00 0.90 0.90 0.90 0.90 0.90 0.90 0.90 
U.90 0.90 3.IO 3.IO l.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 
o.~ o.90 t.10 t.20 t.30 l.80 l.30 o.90 o.90 o.90 o.90 o.90 
0.90 1.60 2.00 2.10 2.40 3.10 3.10 3_30 2.60 l.10 0.90 0.90 
0.90 0.90 1.60 3.90 7.20 1.30 6.90 6.40 3.70 2.40 t.80 1.80 
o.90 o.90 2.40 3.40 a.10 7.80 4.90 1.70 t.so 1.70 4.20 4.00 
0.90 0.90 1.10 0.90 l.90 2.10 2.40 t.IO I.SO 1.80 3.50 2.30 
0.90 l.40 0.90 0.90 0.90 0.90 0.90 0.90 0.90 1.50 2.20 2-00 

l 2 3 c 5 6 7 a 9 10 11 l2 

Iaf ormatioa aboat tko •••rcoa 
Dirty S.Okoa lalloy 
Liatiag l 

---------------------------------------------------
:Soarco:loig.:Oi-.: EaiH.:Eaiaa.:Coof.: I Total -i•aioa of pollataau, ][toaa/y-r 

:aimbor: t..,. :rate :SIGIU: TSP ·---------------------

Soarco 
___ :Coonliaat•s,bo: 

: • : • : C : 3 :for : sop. : TSP : S02 : IOz : GAS 3 : GAS 4 : GAS 5 GAS 6 =--------------= 
:• /• :soar.: l y 

: 2 : 3 : 4 

l. :150.0: 4.0: 220.0 
2. :150.0: 3.0: 230.0 
3. :250.0: 4.0: 200.0 
4. :100.0: 3.0: 200.0 
5. :100.0: LI: 150.0 
6. : 50.0: 0.4: 50.0 
7. :100.0: 30.0: 90.0 
8. :200.0: 5.0: 200.0 
9. :100.0: 4.0: 150.0 

5 : 6 : 7 

97.0: l.31: so.o 
160.0: 2.39: 91.0 
300.0: l.25: 92.0 
103.0: 1.45: 94.0 
47.0: 3.63: 95.0 

7 .0: 2.40: 80.0 
4.6: 5.96: 90.0 

140.0: 3.69: 95.0 
80.0: 1.27: a.o 

a 9 10 11 12 13 14 15 

t.400: US.000: 8.000: 0.000: 6.000: 0.000: 0.000: 17 .40 
3.000: ~.000: 10.000: 0.000: 9.000: 0.000: 0.000: 21.30 

14.000: 55.000: lf>.000: 0.000: 25.000: 0.000: 0.000: 11.20 
2.900: 12.000: 8.000: 0.000: 9.000: 0.000: 0.000: 64.80 
2.000: 12.000: 5.000: 0.000: 7 .000: 0.000: 0.000: 43.50 
1.900: 0.000: 0.000: 1.000: 14.000: 0.000: 0.000: 42.00 
0.000: 0.000: 0.000: 10.000: 10.000: 0.000: 0.000: 53.00 
5.800: 32.000: 15.000: 0.000: 10.000: 0.000: 0.000: 74.00 
8.000: 12.000: 7 .000: 0.000: 10.000: 0.000: 0.000:107 .00 

16 

52.70: 
42.40: 
14.90: 
47 .10: 
34.70: 
41.80: 
34.00: 
14.00: 
34.00: 

10. :100.0: 5.0: 100.0 95.0: 2.20: 95.0 7.000: 12.000: 9.000: 0.000: 10.000: 0.000: O.OOO:lOS.00: 27.00: 
lt. :250.0: a.o: 200.0 180.o: 2.54: 97.o 14.000: 21.000: 20.000: o.ooo: 20.000: o.oco: o.ooo: 36.10: 43.oo: 

:Total .. iaaioa of pollataats in rogioa 60.0: 200.0: fOO.O: 11.0: 130.0: 

Ellissioa distribatioa for tho pollataat aa.bor 1 (I) 
Dirty S.Okoa Yall•y 

9 
8 
7 
6 
5 
4 
3 
2 

o.oc o.oo 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 
0.00 2.33 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 5.00 23.33 3.17 0.00 4.83 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 3.33 0.00 0.00 o.oo 0.00 0.00 13.33 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.67 0.00 
0.00 23.33 0.00 0.00 0.00 0.00 0.00 9.67 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

2 3 4 5 6 7 8 9 10 11 12 

Total oaission of tho pollutant naabor 1 (ltoas/year) • 60.000 

February 2'1, I !)!10 • 3'1 . 

0.0: 0.0: 
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So•rc•• distrib•tion for th• poll•taiot a ..... r 1 
DirtJ S..Ok•• Yal:•J 

1 2 3 4 s 6 7 a s 10 11 12 

9 
a 
7 
6 l 
s 
4 
3 
2 l 1 

-----------------------
Total allSlber of so•rc•• pollataat l • 10 

Eaiaaioa clistriutioa for '·•• poll•taat aambor 2 
DirtJ S.Ok•a Yall•J 

Sdf •r Dio11ido 

9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
a 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
6 0.00 9.00 0.00 0.00 0.00 0.00 0.00 
5 0.00 0.00 10.00 13.50 0.00 0.00 6.00 
4 0.00 0.00 0.00 0.00 6.00 0.00 0.00 
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

(1) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

2 0.00 27.50 0.00 0.00 0.00 0.00 0.00 16.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

l 2 3 4 5 6 7 8 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

9 10 

Total -i•aioa of tlao poll•tut aaabor 2 (ltoH/Je&r) • 200.000 

Soarcea distribution for tile pollataat ...... r 2 
DirtJ S.Ok•• Yall•J 

l 2 3 4 5 6 7 8 9 10 11 12 

9 
8 
7 

6 
s 1 1 
4 
3 
2 

total nw.ber of sources pollutant 2 • 9 

February 24, l!)!JO 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
6.00 0.00 
6.00 0.00 
0.00 0.00 
0.00 0.00 

ll 12 
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:·.:· Emission distribntion for the pollntant n .. b.r 3 <I> 
~ ~~1 

Dirt1 S.Otes Yall•J 

!·· 
i .... ~. litrog•n OxidH 
·:.1· 

'• _;..... 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
t··o":' 8 0.00 ~-00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

~ 
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 £ 0.00 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 :~ s 0.00 0.00 10.00 20.00 0.00 0.00 8.00 0.00 0.00 0.00 0.00 0.00 

f:~ 
4 0.00 0.00 0.00 0.00 5.00 0.00 0.00 O.<'O 0.00 0.00 7.00 0.00 3 0.00 0.00 0.00 0.00 0 .()I) 0.00 0.00 0.00 0.00 0.00 9.00 0.00 •< 

·-~~-2 o.oo 18.00 0.00 0.00 0.00 0.00 0.00 15.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 2 3 4 5 6 7 8 9 10 11 12 

Total .. issioa of tbe pollntaat allaber 3 (lto11s/yHr) • 100.000 
i-.c· 

' -

i·ii- -

Soarces distribatioa for tle pollataat allllber 3 
DirtJ S.Otes Ynlley 

1 2 3 4 5 6 7 8 9 10 11 12 I· 
------------------------------------

9 

i s 
t e 7 ,_' 

6 
5 
4 1 
3 1 
2 

------------------------------------
Total ... ~r of soarcea pollatB11t 3 .. 9 

Ellissio11 distributio11 for the pollatB11t n .. ber 4 
DirtJ S.Otes Yall•J 

(%) 

A•o11ia• 

9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5 0.00 0.00 0.00 0.00 9.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.00 0.00 0.00 0.00 0.00 90.91 0.00 0.00 0.00 0.00 0.00 0.00 e 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 0.00 0 .()(\ O.l'O 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 o.oc 0.00 0.00 0.00 0.00 0.00 C.00 0.00 0.00 
2 3 4 5 6 7 8 9 10 11 12 

Total eaission of the pollutant nua~er 4 (lton•/JHr) • lf.000 

Fdmiary 24, I !)!)0 
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Sources distribution for the pollutent nuaber 4 
Dirty S•otea Walley 

9 
8 
7 
6 
5 
4 
3 
2 

1 2 3 4 5 6 7 8 9 10 11 12 

Total n1111ber of sources pollatant 4 a 2 

Eiaisaion distribution for the pollatant nuaber 5 (1) 
';irty SmotH Yalhy 

Carbon Dioxide 

9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
6 0.00 4.62 0.00 0.00 0.00 0.00 0.00 0.00 
5 0.00 0.00 6.92 15.38 10.77 0.00 6.92 0.00 
4 0.00 0.00 0.00 0.00 5.38 7.69 0.00 0.00 
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.00 19.23 0.00 0.00 0.00 0.00 0.00 7.69 
1 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 

2 3 4 5 6 7 8 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

9 10 

Totr.l ••isaion of the pol~utant n ... ber 5 (ltona/year) a 130.000 

Source• diatribution for the pollutant nu.her 5 
Dirty Smotea Yalley 

9 
8 
7 
6 
s 
4 
:; 
1 

1 2 3 4 5 6 7 8 9 10 11 12 

Total nu•ber of sources pollutant S = tt 

February 24, Hl90 . 37. 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
7.69 0.00 
7.69 0.00 
0.00 0.00 
0.00 0.00 

11 12 

~-



• 

• 

Econ01aic daaago structure in tho region 
Dirtr S.otoa Yallor 

Listing 1 

-------------------------------------------------------------------------------------------------------------ISonrcol Total •~oc011ical d .. ago c_,...oaonta, T1lons.S/1r 
lnU11berl-----~--------------------------~--------------------~---------~-1 
I I TSP I S02 I IOx I ClS ~ I ClS 4 I GAS S I ClS 6 I 
I I I I I I I I I 

Daaago 
Total• 

noas.S/rr 

Econ011ical 
Ba.ago 
Totals 

1 
-------------------------------------------------------------------------------------------------------------2 3 4 s 6 7 8 9 10 

-------------------------------------------------------------------------------------------------------------1. 19.11 119.81 99.SI 0.01 LBI 0.01 0.01 240.12 1.35 I 2. 72.41 236.11 220.SI 0.01 4.81 0.01 0.01 533.85 3.01 I 3. 124.41 238.91 145.ll 0.01 4.91 0.01 0.01 514.31 2.90 I 4. 64.81 131.ll 163.31 0.01 4.SI 0.01 0.01 363.62 2.05 I s. 130.81 383.61 258.61 0.01 10.21 0.01 0.01 823.24 4.64 I 6. 863.ll 0.01 0.01 9.71 29.41 0.01 0.01 902.12 S.09 I 7. 0.01 0.01 0.01 137.61 29.91 0.01 0.01 167.53 0.94 I 8. 184.61 498.0I 436.ll 0.01 7 .11 0.01 0.01 1125.81 6.35 I 9. 10944.0I 133.81 HS.Bl 0.01 s.11 0.01 0.01 11228.68 63.29 I 10. 333.91 279.81 392.ll 0.01 10.61 0.01 0.01 1016.33 S.73 I 11. 251.61 237.21 328.31 0.01 8.01 0.01 0.01 825.03 4.65 I 
--------------------------------------------------------------------------------------------- ---------------!Total I 12988.61 
I 1 I 73.21 

2258.31 
12.71 

2230.21 
12.61 

147.31 
0.81 

116.21 
0.71 

0.01 
0.01 

0.01 
0.01 

17740.62 I 
I 100.00 I 

------------------------------------------------------~-----------------------------------~----------------

EcOlllOtlic daaag~ distribution in tho region Cl> 
Dirtr S...to• Yall•J Pollutant 1 

c-nt Dust 

11 of tho oconoaic daaago • 129.886 Thous.S/rr 
9 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8 0.00 0.00 0.03 0.04 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7 0.00 0.03 0.11 0.11 o.os 0.00 0.02 0.00 0.00 0.00 0.00 0.00 6 0.00 0.09 0.26 0.34 0.19 0.01 0.24 u.01 0.00 0.00 0.00 0.00 
s 0.01 0.03 0.24 0.71 7.29 0.00 0.23 0.02 0.00 0.00 15.80 0.00 4 0.04 0.06 0.06 0.11 0.68 0.00 0.06 0.08 0.01 0.00 69.95 0.00 
3 0.04 0.15 0.15 0.00 0.00 0.00 0.13 0.29 o.os 0.00 1.07 0.00 2 0.00 0.18 0.20 0.00 0.00 0.01 0.11 0.57 0.07 0.00 0.00 0.00 
1 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

2 3 4 s 6 7 8 9 10 11 12 

Eco•o•ic du.ago distribution in tho region CU 
Dirty S•otoa Yall•J Pollutant 2 

Sulfur Dioxide 

11 of tho ocono•ic da.ago • 22.583 Thoua.S/rr 
9 0.00 0.04 0.03 0.13 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
8 0.02 0.24 0.33 0.29 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7 0.14 1.10 1.50 0.84 0.30 0.00 0.40 0.00 0.00 0.00 0.00 0.00 
6 0.03 2.62 4.01 2.67 1.17 0.17 3.07 0.13 0.00 0.00 0.00 0.00 
s 0.23 0.41 3.52 6.07 7.08 0.00 2.36 0.46 0.00 0.00 1.74 0.00 
4 O.S7 0.80 0.84 0.54 10.83 o.os 1.15 1.55 0.15 0.00 11.71 0.00 
3 0.45 1.65 1.61 0.00 0.00 0.00 2.12 4.SO 0.75 0.00 4.87 0.00 
2 0.00 1.64 1.96 0.00 0.00 0.16 1.66 8.06 1.11 0.00 0.00 0.00 

0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 3 4 5 6 7 g 9 10 11 12 

February 21, l!J!Yl - :J8 . 
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!lte table of t•• i•c..,atible .. -.aro• 
groap l 

l 2 3 4 s 6 7 8 9 lO 

• • 
~ • • • 
3 • • 
4 • • 
s • • • 
6 • • 
7 • • 
8 • • • 
9 • • 

10 • 

TEST llEGIOS 
Iaitial -uaroa databaao for -i••i .. docrouo ia t•• ... re .. (•+•bcroue, ·-•docrouo) 

gr .. p 2 

----------------------------
llleu. !Capital IAa .. al I Pollatuta eai"i" ••riati-., 1 
laa:aborlcost• lco•t• 1------------------
1 1n .... s 1n .... s11 TSP I so I I'll I GAS 3 I CIS 4 

IEc••-ic I 
-------1 4-ge I 

CIS S I C1S 6 lwariatioal 

• I I l1nr I I a: I a: I I I I 1 I 

2 3 4 s 6 7 • 9 10 11 

-----------------------------------------------------------------------
I. 100.0I 50.01 -1.211 0.001 0.001 0.001 0.001 0.001 0.001 -0.091 
2. U50.0I 30.0I -4.831 -G.001 0.961 0.001 -0.351 0.001 0.001 -0.991 
3. 200.01 10.0I -2.681 0.601 0.801 -9.091 -10.oe1 0.001 0.001 -4.UI 
4. soo.01 50.01 -3.171 0.001 2.001 -9.091 -l>.381 0.001 0.001 -4.721 
s. 200.01 30.0I -1.451 -3.201 -7.501 0.001 -3.851 0.001 0.001 -1.971 
6. 100.0I 50.ol -0.481 -3.201 -9.001 0.001 -0.771 0.001 0.001 -2.091 
7. 300.0I 60.0I -0.571 -0.901 -0.251 0.001 -0.811 0.001 0.001 -0.561 
8. soo.01 50.0I -1.001 -1.201 c..001 0.001 -1.621 0.001 0.001 -0.671 

ll1111berlYariatioal Yariatioa Salp••r leawiag tlao rogioa, 1 IYariatioal 
I -••.I total 1-------------------------------------------------------1 iadOJ: 
I I depoait.I Total lsectorllsoctor2l•ector3lsector4iaectorSl .. ctonsl .. ctor71•octor81 daager I 
I I 1 I I I I I I I I I I coaifer I 

12 13 I 14 15 I 16 17 18 I 19 I 20 I 21 22 

e 1. 0.00 0.00 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 o.oo I 
2. -6.32 I -S.94 -6.271 -6.221 -6.lll -S.571 -S.411 -5.631 -5.661 -5.951 -9.68 I 
3. 0.63 I 0.59 0.631 0.621 0.611 0.561 0.541 0.561 0.511 0.591 1.04 I 
4. o.oo I 0.00 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.00 I 
5. -3.69 I -3.11 -3.441 -3.041 -2.941 -2.821 -3.lll -3.351 -3.371 -3.441 -S.70 I 
6. -3.69 I -3.11 -3.441 -3.041 -2.941 -2.821 -3.121 -3.351 -3.371 -3.441 -S.70 I 
7. -0.98 I -0.89 I -0.881 -0.901 -0.891 -0.881 -0.861 -0.881 -0.881 -0.871 -1.ao I 
8. -1.30 I -1.18 I -1.181 -1.201 -1.181 -1.181 -I.ISi -1.171 -1.181 -1.1s I -2.39 I 

-------------------------------------------------------------------------------------------------------

f'chruary 21, l!)!)O 
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• 

11 ..... rlYariatiaal Yariati•• litregea leawiag tile regi... X I 
I .. as.lt•tal l-----~-----~---~----~-~~-~-------~--------------------------------1 

I ldepaait. I Total laoctorllaoctar2laoctar3l•ector4laectorSlaector6lsector71aoctor8i 
I I X I I I I I I I I I I 

22 23 I 24 I 25 I ~ I 27 I 28 I 29 I 30 I 31 

1. o oo I o.oo I 0.001 
2. 1.02 I 0.95 I 0.991 
3. o.85 I 0.79 I 0.831 
4. 2.09 I 1.911 I UNI 
5. -a.89 I -7.23 I -&.OSI 
c. -10.cc I -8.67 I -9.MI 
7. -o.za I -0.24 I -0.241 

•• o.oo I o.oo I 0.001 

Tiie table of t•• iac..,.ti•lo ..... n. 
gro•p 2 

2 3 4 5 g 7 8 
1 • • 
2 • • 
3 • • 
4 • • 
5 • • 
6 • • 
7 • 
8 • 

TEST l.ECIOI 

0.001 0.001 0.001 0.001 0.001 0.001 0.001 
0.991 0.981 0.891 0.851 0.891 0.901 0.951 
0.831 0.821 0.741 0.711 0.741 0.751 0.791 
2.061 2.0SI 1.991 1.911 1.1141 1.871 1.841 

-&.891 -6.701 -6.471 -7.391 -8.071 -8.131 -8.251 
-8.271 -a.031 -7.7CI -a.871 -9.AI -9.751 -9.901 
-0.251 -0.251 -0.251 -0.241 -0.251 -0.251 -0.241 
0.001 0.001 0.001 0.001 0.001 0.001 0.001 

---------------

Iaitial .. as•r•• database for .. iaaioa decrease ia t•o ao•rc .. ("+"iacreaa•. "-"decrease) 

groap 3 

, ...... I Capital 
laa.berlcosta 

IAnHal I Pollataata .. isaion yariati-•, X I Econ .. ic I 
I costs l------~--~~-~-~~---~-----~~-~-~-~------------------------1 d .. age I 

I ITlloaa.S lnoas.:/I TSP I SO I 10 I GAS 3 I GAS 4 I GAS 5 I GAS 6 (variation( 
I Jear I I z I a I I I I I X I I I 

---------------------------------------------------------------------------------------------------------2 3 4 5 6 7 8 9 10 11 

----------------------------------------------------------------------------------------------------------
I 1. 100.01 70.0I -5.331 0.001 0.001 0.001 0.001 0.001 0.001 -61 .071 
I 2. 300.0I 30.ol 0.001 -2.401 0.001 0.001 0.001 0.001 0.001 -0.301 

e: 3. soo.ol 100.01 -1.331 -3.00I -2.101 0.001 0.001 0.001 0.001 -6.791 
4. 400.0I so.or -11.671 -6.001 1.801 0.001 -o.n1 0.001 0.001 -3 .021 

I s. 200.01 20.01 -3.SOI -2.40( -0.901 0.001 -t.541 0.001 0.001 -1.UI 

I 6. 300.0I 10.01 -7.001 0.001 0.001 0.001 0.001 0.001 O.COI -0.431 

I 7. 500.ol 1so.01 -4.671 -4.0SI -4.ool 0.001 -4.621 0.001 0.001 -I .071 

I 8. 900.0I 200.01 -7.001 -6.751 -6.00I 0.001 -4.621 0.001 0.001 -1.661 

Frhruary 24, J()!)O 



llnaberlYariationl Yariatioa S•lpllar loawiag tho region. 1 IYariationl 
I .. as.I total l-----------------~-------------------------------------------------------1 iado& 
I I d•po•it.I Total l•octorll••ctor2l•octor3lsoctor41••ctorSlsocto~lsoctor71soctor81 danger I 
I I 1 I I I I I I I I I I coaitor I 

12 13 15 I 16 I 17 U! 19 I 20 21 22 

L I o.oo I o.oo I 0.001 0.001 0.001 0.001 il.001 0.001 0.001 0.001 o.oo I 
2. I -2.26 I -2.42 I -2.881 -2.571 -2.361 -2.011 -2.071 -2.341 -2.411 -2.741 -3.05 I 
3. I -2.83 I -3.03 I -3.601 -3.211 -2.951 -2.521 -2.581 -2.931 -3.021 -3.421 -3.78 I 
4. I -5.78 I -fi.04 I -7.211 -6.381 -5.701 -4.931 -5.411 -fi.061 -fi.151 -fi.851 -7.33 I 
5. I. -2.31 I -2.42 I -2.881 -2.5sl -2.281 -1.971 -2.161 -2.421 -2.461 -2.741 -3.10 I 
6. I o.oo I o.oo I 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 o.oo I 
7. I -4.0S I -4.0S I -3.961 -4.201 -4.131 -4.141 -4.021 -3.811 -3.821 -3.731 -8.15 I 
8. I ;.7& I -6.75 I -fi.611 -fi.991 -6.1191 -fi.901 -fi. 711 -fi.361 -fi.371 -fi.21 I -13.35 I 

--------------------------------------------------------------------------------------~---------------

llaaberlYariatioal Yariatioa litrogu lo&Yiag tlaa rogioa, 1 I 
••as.ltotal l---------~-~~----~----~~-~-~-~-~~-------~-~~----------------1 

ld•po•it. I Total l•octorll•octor2l•octor3l••~or4l•octorSl•octor6lsoctor7l••ctor8I 
I 1 I I I I I I I I I I 

~-~---~--~~~--~~--~~----~-~~--~--~~---~--~~~-~-=~---~--=~-~~--~~---~--~---~--~~---~ 
I t. I o.oo I o.oo I 0.001 0.001 0.001 0.001 0.001 o.ool 0.001 0.001 
I 2. I o.oo I o.oo I 0.001 o.ool 0.001 o.ool 0.001 0.001 0.001 0.001 
I 3. I -1.95 I -2.13 I -2.621 -2.271 -2.061 -1.691 -1.751 -2.061 -2.141 -2.S<ll 
I 4. I 1.72 I 1.82 I 2.241 1.921 1.681 1.411 1.601 1.851 1.881 2.141 
I 5. I -0.86 I -o.91 I -1.121 -o.961 -o.841 -o.701 -o.801 -o.921 -0.941 -1.071 
I 6. I o.oo I o.oo I 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
I 7. I -4.00 I -4.00 I -3.791 -4.131 -4.121 -4.201 -4.041 -3.741 -l.751 -3.581 
I 8. I -fi.00 I -6.00 I -5.681 -6.191 -fi.171 -6.301 -6.051 -5.611 -5.621 -5.361 

Tho table ~f tho incompatible .. a••r•• 
group 3 

1 2 3 4 5 6 7 8 
1 • 
2 • 
3 • 
4 • • 
5 • • 
6 • 
7 • • 8 • 

Fd1ruary 24, 1!)!)0 . 4() • 
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~TS OF llOLTIQITDU OPTlllIZATI• 

\hll£TDS OF llEASUll SET 

·iteri- Imber .,, .. ~, 
•i•aioa 

C-at hat 
Salfar Dioll'i4e 
litroa- Dzi4•• 
a-.1-
Carlloa Diolli4e 

<U 

lfar Depoaitioa Yariati- (l) 

lfar hpoaitioa Yariati- <1> 
lfar Up.rt Yariati- (U 

rest 9-ge 

treg-.a.t-po•itiea Yariati- (U 

trog9port nriati- (U 

-10.87 
-33.20 
-10.eo 

0.00 
-C.452 

2 
I.SS 

-3.41 

-31.19 
-33.56 

-9.93 
-10.98 

iULTS OF llULTICaITElll OPTillIZATI• 

tlllETDS OF 11E1SU1E SET 2 

tarioe la.bar 
-.. ~, (S •illioa) 

••ioa Y&riatioa (1) 
C-at Daat 
Sdfar Dio.1tide 
litrogaa 0.1tidea 
1-ai• 
Carboa Di0itida 

Yariation (U 

(ur 
fur 
fur 

Dapo•i~ioa Y&riation (1) 
..i:po•itioa Y&r~at~oa (1) 
~ort •ar1at1on <1> 

••t o ... ,. nriatioa (U 

·ogan Dapo•ition Yariation (1> 
·ogaa Ezport nriation <U 

iary 24' 1990 

-ll.33 
-35.00 
-7.60 
0.00 

-5.23 

1 
l.60 

-J.34 

-32.64 
-35.42 

-63.37 

-7 .49 
-7.62 

~ .-- .. :.:: 
f 

- ·17 -
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~--'~ 
,~~-



llSULTS OF llULTicannu OPTHUZATIOS 

PIUllETDS OF ll£ISUaE SET 3 

Criteri- I-tier 2 
laweat.eat CS aillioa) I.BS 

Eaiaaioa wariatioa Cl> 
C...at lhut -13.87 
SalflU' Dioxide -39.20 
litrogoa Oxides 
1-ai-
Cutooa Die&ido 

Salfar Depoaitioa wariati- Cl> 
Salfar Depoaitioa wariatioa CU 
Salfar Export •ariatioa CU 

Forest haago nriatioa CU 

litrogea Depoaitioa wariatioa Cl> 
••g•• Export •ariati- CU 

-e.30 
0.00 

-s.sa 

-3.89 

-36.91 
-39.61 

-72.18 

-5.69 
-6.42 

llESULTS OF llULTIQITEaU OPTillIZATIOI 

PllillETnS OF llEISUU: SET 4 

Criterioa lllaber 
laYeSt•oat ($ •illioa) 

Eaiaaioa nriatioa CU 
C...at lhaat 

Salfar Dioxide 
litrogea Oxides 

'-•i­
Carboa Dioxide 

nriatioa CU 

Salfar Depoaitioa wariatioa cu 
Salf ar Dopoaitioa wariatioa cu 
.r Export wariation <U 

Forest Daaage Y&riation cu 

litrogea Depoaitioa wariatioa cu 
litrogea Export W•riat ion m 

February 21, J!)!)O 

-14.33 
-41.00 
-3.10 
0.00 

-4.19 

2 
1.90 

-3.82 

-38.36 
-41.47 

-74.41 

-3.25 
-3.07 

- 18 -
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IESULTS OF llULTICl.ITDU OPTillJUTIOI 

PlUllETDS OF lllEASUU: SET 5 

Criterioa 1.-ber 
laYeai-t 

Eloiaaioa 
C-at hat 
Salfar Diozi•• 
litrogea Cbti••• 
a-.1-
Carboa Diodde 

CS •illioa) 

Salfar Dopoaitioa Yariatioa Cl> 
Salf•r Dopoaitioa •aria:ioa Cl> 
Salfar Ezport nriatioa (1) 

Forest D..age nriatioa CU 

•

litrogea Dopoaitioa Yariatioa Ct) 
itrogea Ezport •ariatioa Ct> 

3 
1.60 

-15.17 
-13.20 
-10.90 

0.00 
-10.77 

-4.16 

-13.12 
-13.21 

-24.60 

-10.as 
-10.90 

IESULTS OF lllOLTICllTDU OPTilllUTIOI 

PllillETEIS OF llEASUU SET 6 

Criterion l1111ber 
IDYeat•Ut CS •illioa) 

Eloission Yariation (1) 
c-ent Daat 
Sulfur Dioxide 
litrogen Ozides 
lmmoni1111 
Carbon Dioxide 

Econoaie D .. age nriation (1) 

Sulfur 

•

Sulfur 
ulfur 

Deposition ••riation (1) 
Deposition •ariatioa (1) 
Ezport •ariation (1) 

Forest D .. age nriation (1) 

litrogen Deposition Yariation (1) 
litrogen Export Yariation (1) 

February 21, HliJO 

-9.97 

5 
1.06 

-9.80 
-5.74 
-9.09 

-15.88 

-8.51 

-10.69 
-9.64 

-16.73 

-7.0t 
-5.49 

- 1!) . 
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llSULTS OF lllULTICUTllU OPTllllUTIDI 

PlUll£TDS OF ll£lSUI.£ SET 7 

Criteri ........ r ...... -t 
Eaiaaioa 

C-t hat 
Salfar Dio:dde 
litres- Odd .. 
a-.1-
Carlloa Diozide 

Ecoaeaica...g. 

cs •illi .. ) 

S.tfar Depesiti .. Y:ttiati .. CU 
Salfar Doopesitioa wariatioa Cl) 
Salfar Export Yariatioa Cl> 

Ferest D ... go Yariatioa CU 

litrogea Depositioa wariatioa Cl) 
•itregea E&port wariatioa Cl) 

3 
2.15 

-10.87 
-19.45 
-U>-20 

0.00 
-8.54 

-2.99 

-17.70 
-19.76 

-35.39 

-15.21 
-16.40 

IESULTS OF llULTICUTllU OPTillIUTIOI 

PAUllETEIS OF llEASUU SEY 8 

Criterioa •waber 5 
1 ..... -t CS •illioa) 0.116 

Eaissioa ••riatioa cu 
C...at O..t -9.63 
Salfar Dioxide -9.SO 
litrogea Oxides -5.99 
'-•i- -9.09 
Carboo Oiiodde -1s.oe 

Ecoaoaic Daaag• Yaria\.1oa cu -8.41 

Sal far Deposition wariation cu 
Sal far Deposition wariatioa cu -10.36 
Sal far Export ••riatioa cu -9.35 

Forest Daaage wariation (l) -16.13 

litror•• Deposition wariation cu -7.29 
litrogea Export wariation cu -S.73 

February 21, 1!)!)0 
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lESULTS OF llULTICl.ITElU OPTIUUTIOI 

PAUll£TDS OF 11£ASt.'l.E SET 9 

Criterioa l...._r 
In•est•ent CS aillion) 

&issioa nriatioa (I> 
c-at Dll.at 
Salfar Dioaide 
litrog•• Oxides 
a-ai­
Carboa Dioxide 

nriatioa Ct) 

Salfar Deposition Yariatioa (l) 
Salfar Deposition Yariatioa (l) 
Salfar Export Yariation <l> 

Forest Damage nriatioa (I> 

litrogen Deposition •ariatioa Cl> 
~itrogen Export ? Yariation (1) 

5 
1.20 

-5.80 
-4.70 
-6.95 
-9.09 

-16.35 

-8.08 

-5.34 
-4.59 

-8.85 

-8.31 
-6.68 

Optiaal strategy ("+"increase, "-"decrease) 

Criterion n .. ber 2 Yalae of capital costs 1.6 s l!illiOll 

IGroap ll!eas. !Capital IAllnaal I Pollataats -i•aioa •ariatioas, 1 IEcono•ic I 
lnu•berlnllllberlcosts I costs 1-----~------------~-~-~~-~-~----~~------------------~------ldaaage 

I I IS •ilia.IS •lla./I TSP I SO I 10 I GAS 3 I GAS 4 I GAS 5 I GAS 6 lvariationl 
I I I I year I I i: I I I I I I I 1 I 

2 3 4 s 6 7 8 9 10 11 12 

1. 9. 0.31 0.01 0.001 -13.751 0.001 0.001 o.oo: 0.001 0.001 -0.671 
1. l. 0.21 0.01 -0.701 -4.501 -1.601 0.001 -0.461 0.001 0.001 -0.481 
1. 4. 0.21 0.01 -2.001 -4.00I -3.00I 0.001 -1.381 0.001 0.001 -1.071 
1. 3. 0.21 0.11 -1.171 -2.701 -0.801 0.001 -0.921 0.001 0.001 -0.311 
1. 7. 0.71 0.11 -7.00I -8.251 -5.401 0.001 -3.851 0.001 0.001 -0.871 

!Total 1.51 0.21 -10.871 -33.201 -10.801 0.001 -6.621 0.001 0.001 -3.411 

~---------------------------------------------------------------------------------------------------------------

!Group ll!eas. !Total Salphur loaYing the region, 1 !Danger 
lnuaberlnu•b•rldeposit. 1--------------------------------------------------------------------------lconifer 
I I lvariationl Total lsectorllsector2l••ctor3lsector4l••ctor5lsector6l••ctor7lsector8lii.de1 
I I I 1 I I I I I I I I I lvariationl 

2 14 15 16 17 18 19 20 21 22 23 

1. 9. -13.49 -13.80 -12.261 -12.851 -13.941 -15 .101 -14.671 -14.401 -14.501 -14.061 -25.761 
1. 1. -3.62 -4.66 -4.431 -4.851 -4.841 -4.941 -4.801 -4.381 -4.11 I -3.911 -7 .101 
1. 4. -3.81 -4.03 -3.851 -4.141 -4.131 -4.231 -4.11 I -3.821 -3.781 -3.621 -7.881 
1. 3. -2.17 -2.79 -l.661 -2.911 -2.901 -2.961 -2.881 -2.631 -2.461 -2.341 -4.321 
1. 7. -8.09 -8.28 -7 .361 -7.711 -8.371 -9.061 -8.801 -8.641 -8.701 -8.441 -16.081 

--------------------------------------------------------------------------------------------------------------
I Total -31.191 -33.561 -30.571 -32.461 -34.181 -36.291 -35.261 -33.881 -33.~41 -32.371 -61.14 I 

February 21, I !)90 • 51 -
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---------------------------------~------------------------------------------------------------------
ICroap IReaa. !Total Yariatioa litrogea leawiag the region, I 
ln .. i..rla...,.rldeposit. 1--------------------------------------------------------------------------1 
I I lwariatiaal Total laectorllsectar2lsector3laector4lsector51aector6lsectar71sectar&I 
I I I I I I I I I I I I I I 
----------------------------------------------------------------------------------------------------

2 22 23 24 25 26 27 2& 29 30 I 31 
----------------------------------------------------------------------------------------------------

1. 9. 0.00 0.00 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
1. 1. -1.22 -t.611 -t.531 -l.741 -l.771 -1.as1 -l.771 -1.561 -l.431 -l.321 
1. 4. -2.83 -3.03 -2.781 -3.101 -3.131 -3.301 -3.171 -2.861 -2.811 -2.621 
1. 3. -0.61 -0.84 -0.771 -0.871 -o.aal -0.921 -0.891 -0.781 -0.721 -0.661 
l. 7. -5.27 -5.43 -4.621 -4.&SI -5.511 ~.231 -5.971 -5.811 -5.&SI -5.571 

------------------------------------------------------------------
I Total -9.931 -1C1.981 -9.601 -!0.561 -11.301 -12.301 -11.801 -11.011 -10.811 -10.181 
------------------------ ------------------------------------------------------

• 
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4 IPAC Mathematical Models and Algorithms 

The descriptions presented provide the interested user with a short. genera.I explanation of the 
mathematical methods and algorithms implt>mented in the IPAC system. 

4.1 Mathematical and Conceptual Background 

The set + of a.II possible emission sources is considered for a given simulation site. Ea.ch source 
<,? E + impacting the surface atmosphere on-site can be characterized by a vector of parameters 

( 4.1) 

The geometrical height of the source, the rate and temperature of emission, its mass as well as 
the mass of each polJutant, source coordinates, etc. are represented in the vector. 

S•!ppose that on the set •there is a set A that includes the initial measures transforming these 
source vectors (separation of gases, reconstruction of source, liquidation of source, allocation of 
new source, etc.). F.ach initial measure..\ E A mapping+ onto itself(..\:+ - +),and the two 
\'alues f 1(..\) and 1·2(..\) of investments and annual cost of implementing the given measure are 
pu,to correspondence with ea.ch initial measure. 

t •o be the subset of• (4>0 C +)consisting of existing on-site sources of emission. We 
denote the vector criterion function E on ~ as 

E(i) = L E(<P} (4.2) 

.Pei 

where 

E(<P) = {E.,(ip)}~=t (4.3) 

The value E9 ( <P) is the q-th criterion estimation for the source<,?. The criteria estimations E9 ( <P) 
represent the on-site surface air pollution level. The purpose of atmospheric protection measures 
:s to minimize these values for the entire set 4>. 

The modeling site is represented by a regular grid of some specific grid step. The calculation 
>fits criteria estimations ca.n be rna.de as follows 

E9 (<P) = L e9 (<P,u) 
eEP9 (.P) 

{! is the cell of the regular grid, 

(·IA) 

P,,( cp) is the s11hset of cells within the .;i source's impact described by the q-th criterion, 

c,,( <;;, g) is the contribution of the <;-th source to the pollution of the g-th cell described by 
the q-th criterion. 

hus, the simulation site pollution can be presented as a set of maps of spa.tially-distrib11ted 
:i.ta, each map corresponding to the criterion estimation 

E9(4>) = L L e,, (',?, e) 
.,:;ei eeP.(.P) 

The basic case that exists on a given modeling site for the given set of sources 4>o can he 
timatcd hy 

(-1.6) 
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A special set of models is used for the evaluation of each component f'(;,? ). This set consists 
of pollutant transport models, wet and dry deposition models, and clements of ecological and 

economic systems' response to atmospheric pollution. 
The simulation process forms various c~ based on the initial set of sources +o and the 

initial set of measures A. The set +0 ma.ps onto some final set of cases {+.}, which allows 
some interpretation. Each of these cases is efficient from the criterion function E. Generally, 
the analysis and exhaustive search of 2r(A) cases forms the set of initial measures mapping +o 
onto +., where µ( •) is the set power. The problem is to define the calculation algorithm to 
find efficient cases within an acceptable time spu under large powers of µ(A) and µ(+0 ). The 
scheme presented below achieves this goal. 

Let us choose efficient initial measures from A, i.e. the measures A for which at least one 
criterion estimation q exists 

(4.7) 

The selected measures form the set of elementary measures A' that can be divided into the 
disjoint subsets 

L 

A'= LJ A1 (4.8) 

I l=I 

T division cannot be formalized, but one can state that the measures included in one of the 
subsets A, do not change sources, which are l&ansformed by measures from other subsets. 

For each subset A1 there are so-called "combined measures" 

(4.9) 

where 

K(i) = U Ai(i) (4.IO) 
iE11 

rp(K) = z=rp(A;) (p= 1,2) ( ·1.11) 
iE/r 

and 11 is some feasible subset of measure indices included in A,. It should be mentioned tha.t an 
implementation feasibility check is made while the formation of combined measures is performed 
for each group A1. The combined measures set convolution is further made by solving 2/, 
problems of the following type . 

.for each pair (q,p), where q is the criterion estimation and pis the number of cxp,.ndi­
t.m, such combined measures a.re defined on each subset A1 that results from the comparison 
procedures. The measure K.

1 is excluded if there exists a. measure K.
11 such that 

( 4 .12) 

and 
(:1.13) 

Therefore, ea.ch group A1 a.nd each pair (q,p) is put iuto correspondence with the combined 
measures set A1(q,p), where Eq increases monotenically as a function of rP. 

Jn order '.o form the optimized combined measures set for criterion q, expenditures p, and 

eXj>Cncliturc limit r;, the following problem is solvP.d: 

L 

L:Eq(K1(cf>o))-+ min 
l=I 

for 
/, 

L J'p {K1(cf>o)) ~ r; (·1.1.5) 
l:o:I 
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IP AC 

Fig. 4.1: IPAC implementation structure. 

\s a result, 2L discrete monotonic functions F9(r;) are identified. The values of these func­
ions represent the criteria estimations for tht> optimized strategies for reducing pollution untler 
riterion q and expenditures p. 

Let us consider the optimized set of atmospheric protection strategies that includes the 
alues of the discrete functions F9(r;). The combined measures set off 1 and f 2 values that 
ransform the basic case t 0 into the final case t. with criterion estimations {E9(~.)} could be 
ut into correspondence with each of the strategies. The vector R = {f 1 , r 2 , Ei. E 2, .•• , Eq} 
f dimension Q t 2 describes one possible efficient expenditure distribution for atmospheric 
r Jtection strategies. 

A further convolution of the competitive atmospheric protection strategics {R} could be 
lSew a decision maker (DM) oriented i:rocedure of multicriteriaoptimization. This procedure 
oul<l'tfresent the "best strat~gies" based on the priorities and wishes of the DM. The DM would 
1en choose wha.t he considered the most appropriate strategy . 

. 2 IPAC Implementation Structure 

, he general mathematical concepts introduced above have been implemented in the IPAC soft· 
ire system, running on the IBM PC/ AT class of persona.I computers. The structure of this 
stem is presented in Fig. 4.1. 

The numbers designated in Fig. 4.1 represent the following: 

1) Block of organization, following the d ~velopment of data. bank. 

2) Dank of environmental and climatic characteristics. 

3) Dank of parameters of stationary atmosphe,.ic pollt·' ,, sources. 

4) Block for modeling structure and spatial distributiv11 nf ~conomic damage resulting from 
atmosphere pollution. 

3) Assessm(•nt of economic damage for each source and pollutant. 
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(6) Spa.tial distribution of economic da.ma.ge for ea.ch polluta.nt a.nd total. 

(7) Block for modeling of polluta.nt dissipa.tion in the a.tmosphere over a. city or industria! 
center. 

(8) Polluta.nt concentra.tion fields over a. city or industrial center. 

(9) Block for modeling sulfur compounds tra.nsport, dry and wet deposition for a mesoscale 
region, a.nd sulfur exportation. 

{IO) Mean annual S02 concentration field. 

( 11) Mea.n annual So!- concentration field. 

( 12) Mea.n annual sulfur compounds dry deposition field. 

( 13) Mean annual sulfur compounds wet deposition field. 

(14) Mean annual sulfur compounds total deposition field. 

( 15) Assessment of sulfur exportation out of a region on eight sectors and of total exportation. 

( 16) Block for modeling index of potential dama.ge to coniferous forests in a region due to sulfur 
compounds total deposition. 

911) Spatial distribution of the index of potential dama.ge to col!iferous forests. 

( 18) Block for modeling nitrogen compounds transport, dry and wet deposition for a mesoscale 
region, and nitrogen exportation. 

(19) Mean annual nitrogen compounds in gas concentration field. 

(20) Mean annual nitrogen compounds in aerosol concentration field. 

(21) Mean annual nitrogen compounds in dry deposition field. 

(22) Mean annual nitrogen compounds in wet deposition field. 

(23) Mean annual nitrogen compounds in total deposit•on field. 

(24) Assessment of nitrogen exportation out of a region on eight sectors a.nd of tot.al exportation. 

(25) Block for modeling parameters of initial atmospheric protection actions. 

(26) 

(27) 

(28) 

-9) 
(30) 

(:JI) 

Bank of initial atmospheric protection actions. 

Block of selection ::riteria "Jf the efficiency of atmospheric protection efforts. 

Block of organization of the bank of actions efficient enough for selected mode of criterion. 

Bank of actions efficient for selected mode of criterion. 

Block for modeling permissibl<' technological chains for decreasing wastes from sources and 
for analyzing their efficiency for selected mode of criterion. 

Efficient series of actions for each source (initial information for an optimization model). 

Block for modeling the optimum strategics of the atmospheric protection efforts for selected 
mode of criterion. 

(33) Information on parameters of the optimum strategy for the mode of criterion. 

(3·1) Dlock of selection (the specific optimum strategy). 

( :J.5) Block of organization (the series of the atmosph<'ric protection actions corresponding to 
the optimum strategy selected). 

(:JG) The optimum strategy for achieving a predetermined norm of th<> air basin state. 

(37) The optimum strategy for distribution of <>xpenscs of the atmospheric protection actions 
with a predetermined limit of resource. 

(:lfl) Block of multirritNia optimization. 

(:J!)) Sr.t of m11ltiopt irnal strategies of air prot'!ction . 
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(-tO) Selection of multioptimal strategy by decision maker. 

( ·l l) mock of listing register. 

4.3 Estimation Model of Maximum Concentrations of Surface Pollutants in 
Cities 

Concentrations of surface pollutants from an emissicn source at any urban point are estimated 
on the basis of the analytical solution of the atmospheric diffusion equation (Beryland, 1985) 
under the following conditions: 

• atmospheric pollutant dispersion over a period comparable to the time of transport from 
the source to the given point in a stationary process (Marchuk, 1989); 

• the underlying surface totally reflects the pollutant, i.e. it does not interact with the soil, 
does not accumulate, and turbulent air flows return it to the atmosphere; 

• the vertical component of the wind speed is zero (in the case of a light pollutant possessing 
no transport speed of its own); in the case of a heavy pollutant, the gravitational deposition 
rate is taken into account; 

e . the effective emission source height is used (corrected for the thermal plume rise). 

Surface pollutant concentrations averaged at 20-30 minutes are determined for so-called 
"normal unfavorable weather conditions" occurring during an unbalanced (unstable) stratifica­
tion of the atmosphere, i.e. during an intensive vertical mixing throughout the boundary layer 
(about I km), which differs essentially from the zero temperature gradient. In this case it is 
assumed that the vertical turbulent exchange coefficient in the surface l~yer increases linearly 
with height (exchange model), the wind speed varies with height according to the power law, 
and the horizontal turbulent exchange coefficient is proportional to the wind speed. Thus the 
parameters governing pollutant dispersion conditions are functions of the wind speed and, for 
each emission source, a "dangerous" speed UiM can be calculated at which the surface concen­
tration along the plume axis (i.e., when the wind is directed from the source to the calculated 
point) has the maximum value. 

In cases where the surface concentration is estimated for a group of sources each having its 
own dangerous speed and direction of wind (with the plume axis direction being determined 
by the source and calculated point coordinates), assumptions should be made based on those 
conditions common to all emittants. 

9 In the dispersion block, the directions of the wind blowing from the source are scl<>c:ted 
with a certain fixed angular step (usually 10°, which corresponds to 36 directions providing 
the required accuracy of maximum concentration assessment). The common dangerous wind 
speed for 4> emittants of the k-th pollutant is estimated as a mean weighted value (the modified 
flangcrous wind speed) 

(k) 
(k) - Lipe~ c~M(j~M u ·- (k) 

L~etC.;.M 
( ·t.l ()) 

where 

c~~{, .. maximum concentration of the k-th pollutant from the ip-th source along lhe plume 
axis, achieved at dangerous wind speed U.;.M· 

Then the maximum concentration of the k-th pollutant emitted from cf> sources under normal 
1111favorahlc weather conditions at a r.alculated point with coordinates (x, y) is 

C(kJ ) - " c·'kl ( fJ u!kl) ( x, y _ max L.,, ~ x, y, , 
{l,UI•) .PEt 

( ·1.1 i) 
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C~/c) - surface concentration produced by the ~th source at wind direction /3 and dangerous 
wind speed U(/c). 

The accuracy of the C(/c)(z, y) estimates depends on the adequacy of the selection of the wind 
speed and the direction at which the total surface concen\.ration is calculated by the formula. 

Normal unfavorable weather conditions are relatively frequent during the year (unlike anoma­
lous unfavorable weather conditions, e.g., inversions with calms, fog, etc.). Mean diurnal con­
centrations do not exceed mean daily MPCs (maximum permissible concentrations) if surface 
concentrations calculated for normal unfavorable weather cor.ditions do not exceed single max­
imum permissible sanitary standards averaged over 20 minutes. (The opposite statement is not 
true.) Therefore, pollutant concentrations are calculated for normal unfavorable conditions as 
a criterion for the respective assessment. 

Where the calculation model of maximum concentrations under normal unfavorable con­
ditions is summarized on the basis of numerical methods, correlations a.re obtained for the 
determination of the "dangerous" wind speed ( a.t a. windcock level - usually 10 m above the 
ground) for the <,?-th emission source m/s depending on parameters VM:1 

where 

and 

0.5 if VM $ 0.5 
VM 0.5 $ VM $ 2 
VM(l + 0.12J7') VM > 2 

y2 
I= 1621.14 JJ2D3f1T 

~Vll.T 
VM =0.65 H 

In these formulae 

V - rate of the emission (m~/s), 

H - geometrical height of emission source (m), 

D - diameter of source outlet (m), 

ll.T - temperature difference between the emitted gas and ambient air (0 C). 

(4.18) 

( 4.19) 

(4.20) 

I.f.iii\T $ 0 or f ~ 100, the source emission is considered cold and UM is determined using the 
-wing formulae: 

where 

{ 

0.5 if VM < 0.5 
lj M = VM 0.5 < VM ~ 2 

2.2t1M VM > 2 

v 
VM = 1.655 DJ/ 

( 4 .21) 

(4.22) 

The maximum concentration (mg/m3) is reached at the "dangerous" wind speed UM at the 
distance X M from the source along the plume axis: 

for warm emissions: 

for mid emissions: 

where 

A·M·F·m·n 
CM-------

- 112~V ll.T 

A·M·F·D·n 
CM = 0.12.5 •f"ir"i 

Vv!F' 

1To simpliry the formulal'. the .;-th llOIHCC i11· .ex will h<' omit.tf'd whf'ncvcr p<>Mihll'. 
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.4 - coefficient depending on the temperature stra.t;fication of the atmosphere and gov· 
erning the conditions for the vertical and horizontai atmospheric dispersion of nm:­

ious materials ( .s213 - '";::; - Jegr. t / 3 / g) ; 

M pollutant mass emitted into the atmosphere per unit time (g/s); 

F - a dimensionless coefficient taking into account the vertical cor.iponent of the pollu­
tant transport speed (deposition rate) in the atmosphere; 

m, n - dimensionless coefficients taking into account the conditions for gas release from the 
source outlet 

1 m= ~~~~--=,_-~~--= 
0.67 + 0.1./l + 0.34ifl 

(4.25) 

{ 

3 if VM ~ 0.3 
n = 3 - ./(vM - 0.3)(4.36- VM} if 0.3 < VA.f ~ 2 

J if VM > 2 
(4.26) 

The coefficient A, which also depends on the surface layer height and the underlyir.g surface 
9roughness, is calculated for open, fta.t terrains in \a.rious geographical regions a.nd, accounting for 

relief correction, \d.ries from 100 to 260. A can be taken based on the similarity of the climatic 
characteristics of the turbulent regime. 

The parameter F differs for gases, light aerosols, and TSP. It is dependent on the particle 
size distribution which is related to the performance of TSP collecting facilities in cases where 
they are installed at the source. For gases and aerosols (with a settling rate below 5 m/ s) F = I; 
for TSP which is transported as a heavy pollutant, F = 2, 2.5 and 3 ii the performances of TSP 
collecting facilities are over 903, 75-903 and below 753, respectively. 

The maximum surface pollutant concentration CM along the plume axis (in the direction of 
an average wind) is achieved at distance XM from the emission source (m): 

The parameter dis calculated as a function of VM: 

for warm emissions: 

for cold emissions: 

d = { 4.95vM(l + 0.28ifl) if f'M ~ 2 
7y'vM(l + 0.28V]) if VM > 2 

d = { 11 Av.u if "M ~ 2 
16.I JVM if 11M > 2 

(4.27) 

(-1-28) 

(4.29) 

If the dangerous wind speed is taken as the modified value, a deviation of UM from lflkl 1s 
possible for each c,'-th emission source. In this case, the maximum surface concentration is 

wh<>re 

r - dimensionless quantity determined d<'p<'ndi ng on th<' rrlation q = (j(k) / lf.\f 

{ 

0.67q t I .fi7q2 - I .;J4q:l 
r = :Jq 

2q2 - q + 2 
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Surface pollutant concentrations in the atmosphere along the plume a.xis at distance x from the 
source are calculated by the following formula 

where 

s 1 - dimensionless quantity, which depending on the relation 

x 
z=--x,., 

satisfies the conditions 

{ 

3z4 
- 8z3 + 6z2 

l.13/(0.13z2 + 1) 
si = z/(3.58z2 - 35.2z + 120) 

l/(O.lz2 + 2.47z - 17.8) 

if z $ l 
if 1 < z $ 8 
if z > 8 and F = 1 
if z > 8 and F ~ 2 

(4.32) 

(4.33) 

(4.34) 

A When the calculated point is shifted perpendicula1· to the plume axis at distance y, the 
Wface pollutant concentration in the atmosphere is 

(4.35) 

where 

s2 - dimensionless quantity given for wind speed UM and relation g = y/x 

1 
s - -----,.......,,_-------,.---,-

2 - ( 1 + SAU M92) ( 1 + 28.2Ul,g4) 
( 4.36) 

Thus, the surface pollutant concentration at a point with coordinates (x,y) from the <;>-th 
emission source, dangerous wind speed u<"> and a fixed transport direction p {along the plume 
axis x) is 

C~u(x,y) = r·s1 ·s2 ·CM (4.37) 

The distance XMu at which the surface concentration C1.w is achieved is 

• (4.38) 

where 

{ 

3 if q $ 0.25 
p= 8.43(1-q)5 +1 if0.25<q$l 

0.32q + 0.68 if q > I 
( 4.39) 

To determine the maximum surface concentration fierds for several pollutants in a city whose 
territory is represented by a regular grid, one usually has to calculate a.bout 1000 matrices, each 
containing over 1000 elements. Such calculations, associated with the exhaustive search of 
wind directions and speed:;, require much computer time. Therefore, methods that prescribe an 
"expediency constant" l(A:) are employed to reduc:c calculation time. The constant is set equal 
to o.05p(A:) where 

p(A:) - maximum permissible atmospheric c:oncentrat.ion of the k-th pollutant (sanitary 
standard). 
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• 

\\"hen calculating surface concentrations at each algorithm step. the following condition 
should be fulfilled: 

( -1..10) 

If this condition cannot be fulfilled, calculations for the .,_?-th source at a given algorithm step 
a.re interrupted. 

The maximum concentration ~~' is tested. If for the ~th source 

( 4.41) 

the source is not considered for the k-th pollutant. Thus, U(J:) is determined taking into account 
only emittants for which the relation is not fulfilled, so the parameter + (the number of sources 
included in calculations for the k-th pollutant) can differ from the tota.l number of emission 
sources considered in the model. 

The value C~~IU is tested. If for the ~th source 

c~1ltu < (<1> 

the source is also omitted from further ca.lcula.tions for the k-th pollutant . 

The radius of the pollution zone R';} is established for each ~th source at 

p(k) 
S1 = 0.05 ,./J:) 

c;~MU 

( 4.42) 

(4.43) 

The value R~~ determines the coordinates of the calculated points of the urban regular grid 
at which concentrations are to be calculated. The application of pollution zone radii allows a 
drastic reduction in the number of calculated points due to the peculiarities of high and low 
emission rates. 

The flux dispersion angle perpendicular to the plume ax.is is established at 

(4.44) 

The value g = tgo is determined, where 

o - the angle required . 

• Thus, the i;-th source pollution zone is a sector with angle o of a circle •1•ith radius R~~. (In thf' 
upwind direction (at x < 0), pollutant concentrations are 0.) The active pollution zone from a 
source is presented in Fig. 4.2 

The conc:?ntration of pollutant k for point f! = (x, y) of the regular grid representing a rity 
on the source set $ is 

c<1ci(f!) = L c~1c> (f!) 
ll'E• 

The r.orresponding index (clement of criterion function E(+)) is 

p<"l - "c<"l(f!) 
'q - L p(lc) 

e 

c<1c>(f!) 
for p(lc) > I ( ·l.·Hi) 

Th" value E!k) $ I is a satisfactory state of an air ha.sin of a city for the k-th pol1111.a111. For 
several pollutants ronsidcrcd simultanf'ously, th1> satisfactory state is ad1ievl'd when 

for E,,. $ I (·!Ai) 
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• Fig. 4.2: Active pollution zone from a source. 

4.4 Meso-Scale Models of Transport and Transformation 
of Sulfur Dioxide in the Atmosphere 

Meso-scale models that allow one to compute concentration, dry and wet deposition of atmo­
spheric 502 and so~-, as well as sulfur transport out of the region, have been developed, 
algorithmically represented, and tested in the IPAC subsystem "Region". The model enables 
the criteria for minimizing the total deposition and removal of sulfur compounds to develop, as 
well as to enter, the automated complex of blocks presenting the atmospheric pollutant effects 
on the regional ecosystems which are constructed according to the "do~ffect" principle. 

The models of transport and transformatic;n of sulfur compounds in the atmosphere meet 
the following requirements: 

• the spatial scale of pollutant transport in the atmosphere amounts to several hundred 
kilometers and corresponds to the size of a territorial administrative unit (mesa-scale 

• IP.vel); 

• the time resolution equals a year (as a rule, the technical and economic parameters of 
air protection measures that form the basis of the optimization analysis refer to this very 
period); 

• the model!' have been realized as climatic ones, i.e., pollutant transport is computed for 
meteorological conditions averaged over a Ion~ period (IO year<; and more) rather than 
within the fields of real (current.) wind and precipitation; this is related to the fact tha.t 
the efficiency of air protection measures is estimated for one year or more; 

• the period of calculation using a persona.I computer is relatively short, since the optimiza­
tion is carried out iteratively; 

• pollution levels are computed for each of the regional emission source where air prol.<>ction 
measures arc carried out; 

• temporal variations of concentration were r.alculatcd within th" coordinate system rdat.Prl 
to the moving mass of the pollutant (Lagrangian approach). 
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The region is rl'presented as a regular grid whose square rasters usually are of dimension 
IO x 10 km. A climatic wind rise introduce<I for the considl'rcd region presents probabilities of 
various wind directions and a mean velocity of pollutant transport in the atmosphere. Transport 
\·clocity in the mixing layer, varied by wind directions, is calculated as an avcragl'. It is assume<I 
that the wind velocity varies exponentially with height, the vertical exchange coefficient increases 
linearly with height in the mixing layer and remains constant above it, l.nd the horizontal 
exchange coefficient varies \loith height like the wind 1.·elocity. The wind and precipitation field 
in the region is homogeneous. 

The constants of dry and wet sulfur deposition from the atmosphere, the chemical trans­
formation of sulfur dioxide into sulfate, and the height of the mixing layer are introduced as 
mean annual values (averaging period being equal to IO years) and are constant over the region's 
territory. 

The wet deposition of sulfur compounds and the chemical transformation of sulfur dioxide 
into sulfate are described as linear processes. No consideration is taken of the relief of the region. 
Sulfur dioxide emission shows no variations throughout the year. 

The assessment of mean atmospheric pollution using trajectory models is usually carrie<I out 
by successively computing the concentrations and depositions along the observed trajectories and 
aaaging the obtained results. Since the period of a year and more includes tens of thousands of 
aRIPrajectories and the model is to be used in an iterath·e optimizing regime, such an approach 
to pollut:on assessment is unacceptable. Therefore, real trajectories arc substituted by a number 
of straight ones, each being realized with a certain probability Pm- The possibility to consider 
straight trajectories is related to the meso-scale of pollutant transport in the atmosphere. 

The model assumes a one-layer wina; in the mixing layer (at height Hm) pollutants are 
assumed to mix instantly. 

Sulfur emission is represented as a sequence of portions ejected from the source in discrete 
time intervals t = i · T, i = I;7 where T (min) is a time step and I is the number of the step 
at which the observation ends. The time step is selected so that (I) the distance passed by a 
portion during step T is less than the dimensions of the raster, and (2) pollutant portions arc 
superimposed on each other, forming a continuous stream. 

The squence of portions emitted by the source forms a stream. The location (coord:~ates) 
of the center of the portion and its characteristics (dimensions, dry and wet deposition, chemical 
transportations) are measured using the model for a discrete time period. Successi,,·e locations of 
the portion's center in discrete time periods represent the trajectory of the portion's movement. 
The stream is stationary during intraregional transport. It follows from the state of being 
st&onary that, to calculate the fields of sulfur compound deposition and content, it is sufficient 
t~ce the locations and characteristics of a single portion in the stream. Th<' model con~idcrs 
m = 1,48 stationary locations of the stream, corresponding to 48 wind directions. 

The spatial resolution of the model is repr<'scnted hy I.he dimensions of the raster. Surfac:<' 
concentrations and deposition (averaged over the raster) arc calculated in each raster at <'a.ch 
m-th direction of the stream. The results are then a.vera.g<''I in a.II dircc:tions to obtain th<' annual 
assessments. 

The well-known precess of the chemira.I transformation of S02 is presented in Fig. 4.3. \\-ind 
\"clocity varies with height z by an exponential law 

V = Vo ( :
0

) l's (4..18) 

Then mean transport vdocity in the mixing layer (at a. !wight II M) is Np1al to 

- I llf ' :: ) l's V.1 ( lf.o.t) l's v = - Vi> I - d:: = -- · -
I/ M o \ :o /~ s + I ::o 

{-I ..I!)) 

wlwrc !',. is the at111osph<'rf' st.ratification paranu·tn in the rf'gion and \~, is t.hf' wind vclor.it.y 
near the ground a.I. llf'ight. : 0 in a regi0n. Th" X- and Y-axis cornponf'nt.s of tlw transport velocity 
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Fig. 4.3: Chemical transformation of S02 in the model. 

we atmosphere in m-direction are equal to 

ii.rm = V cos a,,. 

iilf'll = V sin u,,. 

(4.50) 

( 4.51) 

respectively, where Om is the angle between the X-axis a.nd the m-th wind direction in t.he 
coordinate system selected for the region. 

The dry deposition of S02 and So~- is also described a.s a. linear process. At the initial 
moment, the portion is uniformly distributed over the raster, its centers coinciding. 

The following para.meters are calculated at ea.chi-th step at them-th wind direction (stream 
location). 

• Coordinates of the port.ion cent.er 

x;.,. = Xi-1,m + Vzm 

Yim = Yi-1.m + Vym 

( 4.52) 

(4.53) 

Horizont.a.I widening of the stream is taken into account only if it is directed a.cross the 
portion movement; horizontal diffusion at ea.ch step is shown in Fig. 4.4 

Yim = Yi-1,m + 0.2 lu""'j 

• ~lasses of S02 (j = 1) and so~- (j = 2) remaining in a portion in the i-th interval 

M,; = Mj(i-•> -AM; - L: Df; - E wj~ 
e e 

( 4.S-1) 

(4.S5) 

(·1.56} 

where ~lvl; = Mj(i-1)/To is the mass of S02 that chemically transformed into so~-' and 
r0 is the S02 residence time in the atmosphere relative to the chemical transformation . 

• Dry deposition of S02 anci so~- Oil the (.>·th raster in a year 

j = l, 2 (-1 . .57) 

Fchruary 21, 1!)!)0 . 61 -

.. _. ...... _. 
:f-:ft;". 

- ,,_ --. - .;.._. 

.t ~ ... ... 
~: .. 



y 

Y-r.1 

• 

•l 

p Sp 

I ·-.. 
~- ... -

-• ·-

Wind direction .. 

i 
fXim Yim! I I --

•l LI .' .... 
, .. 

.•. ... 
-

" ... ·, . . 
I I I 
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• Wet deposition of S02 and SO!- on the e-th raster in a year 

j = 1,2 (4.58) 

In these equations, T is the duration of a year in T intervals; Tjd and T;w a.re the residence 
times of S02 and SO!- relative to dry and wet deposition from the atmosphere, respectively; 
L;m is the number of rasters in a. region "stricken" by a. portion in the i-th interval in them-th 
direction; Se is a. square of a grid raster. 

It is assumed in the model that dry a.nd wet deposition of S02 and So!- from the portion 
contribute to the deposition of a given raster only in cases where its center lies within the 
portion, i.e., is "covered" by it. 

S02 and so~- lifetimes in the atmosphere in relation to wet deposition are expressed in the 
model as 

T 
Tjw = k _ . T, . b, j = 1, 2 (-1.59) 

J 

wlu-k; are the coefficients of S02 and SO!- washout from the atmosphere, U is the amount 
lf precipitation in a region, and bis a pa.rt of wet period in a year. The lifetimes in relation to 
Jry deposition arc calculated as 

JlM 
Tjd = V' 

} 

j = 1,2 

.vhere V; arc 502 and So!- dry deposition rates, respectively. 

(-t.60) 

Testing the conditions for further observation of the portion, the observation ends in cases 
.vhere: 

• the portion has left the region (coordinates of its center do not belong to the region), 

• the sulfur content in the portion is below the value 

(·1.61) 
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Thus, the average wet and dry deposition oi sulfates on a p-raster in a year for a set of sources 
tll is 

N' = '°''°' (D'- + H''-) 3 ~~ JI JI 

i j 
(-1.62) 

the summary deposition of sulfates in a year is expressed as 

(4.63) 

the summary exportation sulfates from a region are expressed as 

(4.64) 

a.nd the mean annual surface concentrations of S02 and so~- over a (>-raster can be expressed 
as 

(4.65) 

4.5 Meso-Scale Model of Transport and Transformation of 
• Nitrogen Oxide and Nitrogen Dioxide in the Atmosphere 

To calculate these parameters, the chemical transformation block of the mcso-scalc sulfur model 
is modified for the emissions NOx in the chain NO -+ N02 -+ HN03 -+ N03. Fig. 4.5 presents 
the chemical transformation process that is used for modeling. The dry (DJ

1
) and wet (W;~) 

depositions of NO (j = I), N02 (j = 2), HN03 in gas (j = 3), HN03 in aerosol (j = 4), and 
N03 (j = 5) on the (>-th raster of the regional regular grid for each i-th interval in a year arc 
defined as follows: 

D~-
1• 

Wll. 
JI 

I 
-- ·M;(i-1) 
T(i+5) 

I 
- · M;(i-1) 
Tg 

I 
= -- · M;c•-1) 

T(j+8) 

I 
- ·Msc•-11 
T12 

for j = I:"4 

for j = 2,4 

j'e masses of nitrogen compounds remaining in a portion in the i-th interval a.re 

( 4.66) 

(4.67) 

( 4.68) 

( 4.69) 

M1• = (1 - ..!..) . M•c•-t' - E /Jr. <·Lio) 
Ti I 

e 

M2; (1 - ..!.. - ..!.. - ..!..) -M2c•-•J + _.!._ - M1ci-1J - En;; - E w:j (-1.11) 
T2 TJ T.. Ti e e 

Al3; = (1 - ..!..) . MJ{i-1) + o.r.. (..!.. + _!_ + 2-). M2(i-I) - L n;j - L w~j (-1.72) 
Ts T2 TJ T4 e e 

M .. ; = (1 - ..!..) -M.,ci-•J + o.5· (..!.. + ..!.. + ..!.. \) · M2c•-•J - L n:. -E w:j (4.73) 
Ts T2 T3 T4 e e 

In these equations, 
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for j = 6, 9 

for j = 10, 12 
for j = 2,:J 

- 66. 

(4.74) 
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Fig. 4.5: Chemical transformation and deposition of nitrogen pollutants. 
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where lj are the dry deposition rates for corresponding compounds; l\1 are the coefficients of 
washout from the atmosphere; Cj arc the typical mean annual concentrations of the chemical 
radicals OH and RC03 in the atmosphere of a region; and bj are constants of the corresponding 
chemical reactions (j = 2, 3). The paranrters U afll presented in the sulfur model. 

Thus, the mean annual :fry and wet d~position i ,:.en compounds on the (>-th raster: 

Di?. 
D'? = T • '°'Pm '°' J• 

1 L LL. ·S 
m i '"" e 

W~-
W~ = T • "Pm " Jl 

1 L LL. ·S 
m i rm e 

for j = 1,5 (4.i6) 

for j = 1,5 (4.77) 

The para.meters T, /Jm, L;m, Se are defined in the sulfur model. The summary deposition of 
nitrates in aerosol from the portion on the e-raster in a year is expressed 

5 5 

NNe = '°'Di?.+ '°' W~­L i• L i• 
]=4 j=2 

efhe summary deposition of nitrates in aerosol O!l a region in a year is expressed 

and the summary nitrates in aerosol exportation from a region in a year are expressed 

( -1. 18) 

( 4.80) 

1 
where MPAN = - L Mi; is the mass of Peroxide-Acetyl-Nitrates produced from the emission 

T7 i 

of r\O and N02 as a result of a chemical reaction with organic components (in general, the 
radical RC03 + N02 -. PAN). The mean annual surface concentrations NO, N02, HN03 in 
gas over the g-th raster can be expressed as 

for j = 1,2,3 ( 4.81) 

•. 6 Approximate Model for Economic Damage Estimation 

The eronomic damage from pollution of the lower layer of the atmosphere (Approximate cro-
11omir damage estimation.'> .... l!J86): can be expressed as 

Y = -y x u x J x Mc ( -1.82) 

Y - the economic damage (monetary units/year); 

1 - the average specific economic damage (monetary units/ comparison ton); 

<T - the dimcr.sionlcss value characterizing the structure of redpi<'nls located in the zonP 

of a source artiw~ pollution; 

f the dirn<>nsionl<>ss correction for the mode of a pollutant dissipation in the atmo· 
sphere to be dl'f><'lHlent on a.n ar.tive height of a i:ourcc, mean annual wind velority, 
and rate of admix I ure disposition. 
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For organized sources (stacks of height II < Hi , lhe zone of an acli\·e 110llution is r<'pP'st•ntt'<i 
by a circle with a center in a point of a source location and with a radius of 50//; but for 
ii ~ 10 m the zone is a ring formed by the radii 

Rinner= 2 · ( 1 +~~)·II, ( l1T) Router = 20 · l + 
75 

· II (4.83) 

where 

l1T - the drop of temperature (in °C) between the mouth of a source and an ambient 
atmosphere (mean annual temperature); the denominator 75 is temperature ill °C). 

Emissions of pollutants in a time-interval can be compared if cOl!fficients of toxicity ak or 
coefficients of relative aggresivity Ak are used. These coefficients define the level of negative 
impact of the k-pollutant relative to carbon monoxide (CO). In the genera.I case, 

( ·1.81) 

where 

• ai1> - the correction for the probability of a pollutant accumulation in environmental com-
partments, in food chains, and of a pollut,ant intake into the hur.1an organism through 
any means other than inhalation; 

a~2) - the correction for a pollutant effect nn various recipients other than humans; 

ai3
) -- the correction for the probable secondary discharge of a pollutant into the atmo­

sphere; 

ai41 - the correction for the probable formation of secondary pollutants more dangerous 
than the initial pollutants. 

pJ.!l . pJ;> 
P (I) /'(2) 

k • k 

( 4 .8.5) 

where p(l) and p(7) are the rr.aximum occasional permissible concentration (MOPC, and the 
maximum permissible concentration (MPC), respectively. 

A Tl111s, the summary given mass (comparison ton/year) of pollut;int emmisions to the atmo­
~hcre from the set cf> of sources can be expressed as 

M" = L A" . M .pk ' 
\PE~ 

( -l.8G) 

The values A, of the most frequently occurring pollutants lie within the limits of I to 12 x !Or.. 
The suggested method of calculating economic damage is acldrcsi;cd at particular sourcf•s 

ar.d based on emission accounting and therefore keeps the advantages of the indic<'s of the firs;. 
type. However, the effect on recipients is considered only in the n<'arest vir.i1.ity of a. source (tlw 
zone of active pollution). 

4. 7 Approximate Model for Calculating Potential Damage Index of Conifer­
ous Forests 

The simplest "dose effect" rnod<'I p!!rmitting the c:a.lculation of the i11clf!X of potP11tial da.magf• 
hy sulfur compounds deposition to thf! c:onifcrous forf'sts of a n~gio11 illus! ratf's tllf' f'·Xp(·cliPnr,r 
of JPAC system use to protect the <i.trnosplwre from pollution. 

Ff'hrua.ry 21, I m.10 - t)!) -

·-
r -
• 

-.::"':3-% 
r;·n 

i -~ '·· I .... 
-- .-. ' -

... 



The method, d~viscd at the GDR Center for Environmental Formation, that considers the 
Ct effect or s11Jfor compoi;nds deposition on coniferous forests is USf'd for the caJcuJa.tiou or 
index: 

( i\"') d1 = IO - IO exp ~: (4.87) 

d=Ed, (-1.88) 
e 

re 0 ~ d1 ~ IO is a.n assessment of the total sulfur atmospheric deposition on coniferous 
>ts in a. raster element f!· It is possible to set a coniferous forest's threshold of sensitivity to 
1r compounds atmospheric deposition. If this threshold value p(3) is known, then the index 
sforms to: 

for d
1 

> p(J) (4.89) 

Choosing Optimal Strategies 

ral hundred, even a thousand, pollutant emission sources are present in the territory of a real 
'r4 Five to fifteen air protection measures can be implemented at each source. Thus, 
altitude of variants for protect!ng the air basin from pollution arises. Special optimization 
·ithms are required for a comparative analysis of these \aria.nts. 
>ptimal strategics can be selected on the basis of an algorithm that includes the following 
stages. 

~e 1: Simulating a bank of initial measures 

construction of this bank involves an analysis of each measure for reducing pollutant emis­
that is technically available for the com:idered source. Such measures are noted by great 
ty, carried out for a single or several emitters and, in gener<'!, can change any parame-
1aracterizing the conditions or pollutant emission into the atmosphere of the city/region. 
?fore, a system of models and algorithm:; enables the analysis of a wide range of innovations 
1 at air basin protection, ma.king it possible to 

change any combination of parameters characterizing a single emitter; 

change any combination of parameters cha.rac:terizing several emitters; 

•:!Ii-ate the emitter; 

eliminate the emitter with partial or wmpl<'tc tra.nsfor of its func:tions to other emission 

srurces locat<'d or newly disposcd in the territory of a city/r<'gion; 

remove one or more emitters to another city/ r<'gion; 

sehct ~he least dangerous rclor.a.tion of one nr more emitters in a rity /region. 

1e optimization algorithm considerc<l suggests subdividing the hank of initial measures 
mping to.,,cther pollution sources w • .!1 similar technological processes (any air protection 
re is definitely related to an emitter). It specifies no strict rl"quircrnl'!nls on determining 
mposition of thf.'se groups; however, dividing the hank a.ccorcli11g to some principlP. (e.g., 
iia.I) expedites th!! mterpreta.tion of the rnsult.s obtained at suhsr<Jilf.'nt algorithm stages. 
t /, be th<' number of groups in the hank of initial rncasurl"s, I = I,/,. The numher 
1sures in each group is .\11, m = 1, ,\.fi. As shown aliovc, to analyze and control I.he 
r>herir. pollution in a dty/rf'gion, it applies va.rioui; rritnia formalizcd using a wmpl<•x of 
; aimed a.t ra.lculating tl1f' economic damage, asi;essing th., pote11t.i11l clanger to conif<'rons 

anc! sulfur and nitrat<' rnmpound transport. 
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Let us assume thot.t the Q types of criteria used (q = l,Q) allow an integrated assessrm'nt of 
the air basin pollution level in the city/region. Then, al stage 1, a matrix 

Et= (E:a) (4.90) 

is calculated for ea.ch group. This matrix consists of Mt lines and Q columns, where E'!,. is the 
effect of implementing the m-th action according to the q-th criterion. Each line of matrix Et 
presents the "criterion vector" and the aclion m is effective in cases of at least a single element 

The total num!>er of efficient measures comprising the bank is expressed as 

L 

M=LM1 
l=l 

Stage 2: Forming the permissible sets of measures 

( 4.91) 

(4.92) 

According to the possibilities of the initial bank, "permissible sets of measures" that present 
\".s types of air protection activity in the city/region can be formed for ea.ch I-th emitter 
group. :\ set is considered permissible if it includes no "alternative pair" of measures. Two 
measures a.re called a.iterna.tiveifthey cannot be implemented simultaneously to reduce pollutant 
emissions, either for technical reasons or due to the inexpediency of such a combination. This 
situation frequently occurs, e.g. when two types of dust collectors of cqu'l.I efficiency are used 
at a. single source, or when a boiler house is converted to gaseous fuel at the same time that 
sulfur refining equipment is installed_ The combined implementation of activities depends on 
a. number of specific conditions and, in general, one fails to formalize the SC<'.rch for alternative 
pairs in a large set of air protection measures. Therefore, while formalizing the bank of initial 
actions, the table of alternatives is assumed for ea.ch group in the form of square symmetrical 

characteristic ma.trices ( x;i) of dimension u, 

ij _ { 1 if actions i and j can be realized together 
Xt - 0 if actions i and j a.re alternative 

(-t.93) 

Let xii = 1. It is necessary to consider alternative pairs while establishing permissible sets 
in order to provide practical efficiency of the analytical results. Let us fix a c.riterion q• = q, 
q =A (J (a corresponding column of the matrix Et, I = I, lh We distinguish the measures within 
th~th group for which 

Er::> 0, m = 1, Mt (1.!H) 

Then, all permissible sets of measures could be obtained for the I-th gro11p whose number, in 
the absenr.e of alternative pairs, is equal to: 

M·cM. 
q I 

st = 2: E TI xf1 

i=I j=I ((,'l)E01(M1•) 

( ·1.95) 

where C~r· is the number of combinations of Mt - the number of mf'asures that satisfy the 
I 

·equiremcnts (4.9'1) for the group I for i. The fi1(Mt) is the set of pairs of indices(~, 17) in the 
exicographir.al j-th subset (v1, v2, ••. , v;): v1 < v2 < · · · < v;, l $ v1c $ Mt. St is 2Mt - I if all 

.he x;1 = 0 for any i -f: j. In the general case, S1 ~ 2Mt - l. 
Considerable values of Mt and a small number of alternative pairs S1 can hcr.ome quite large; 

1owc\·er, not all pNmissible sf'ts are efficient. Therefore, each set successfully forrnccl ar.r.ording 
o the formula is r.ompared to those r.ompiled earlier. One of the two sets is ronsirlcrrd ineffirfont. 
f, a.t highN or equal cost, it provides smaller effect for the r.ritcrial estimation. 
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The set ha.ving the abc\·e cha.ra.cteristics is saved a.nd used in the further analysis; thl' one 
providing the sma.ller effect at higher or equal cost is always excluded from subsequent a.nalysis. 
Thus, for each group l, a monotonic sequence of combined a.ir protection measures is formed 
that provides increased effect at raised costs. 

Let z, = zf 1>- zf2> be the effect of t!:e measure of group/, where zf 1> is a criteria. estima.tion 

before the measure is used a.nd zf2
> is the effect after. To describe these sequences, we introduce 

the functions 

Z1 = g1(X1),l = l,L (4.96) 

where X1 denotes the costs of a relevant efficient set of measures a.nd Z1 is the effect achieved 
a.t given costs in the group I. 

The costs of a.ir protection measures a.re of a. discrete nature, i.e., a. specific action requires a. 
certain fixed amount of costs a.nd, depending on the allocated funds, the activity is implemented 
either completely or not a.t a.ll. At the same time, the effect of measures is nonlinerly rela.t'-'CI to 
the costs. Therefore, the "cost-effect" functions ( 4.96) for the group l a.re discrete, nonlinear, 
and assigned in the form of tables; in general, it is impossible to evaluate their ma.thematic 

para.meters. Also, the number of cost levels N1 for the measures of the I-th group (x, = {z; }~1 ) 
erresponding to the number of .:fficient permi~ible sets can be rather consid~rable, their sum 

amounting to several thousand variants. Thus, the further analysis of N = L N1 permissible 
l=l 

effecti\·e sets requires the use of specific optimization models. 

Stage 3: Optimizing the distribution of costs of air protection measures 

A special distribution model is meant to evaluate optimal sets of air protection measures in 
a city /region depending on the costs and type of criteria selected at Stage 2. (The set of 
permissible effective variants is used as initial information.) The obtained permissible effective 
sets are characterized by their alternative nature within each group l = I, L. Therefore, at 
Stage 3, optima.I sets are compiled by combining the measures referring to different groups. 

The completely alternative nature N1 of effective sets within group l allows the presentation 
of cost distribution as a sequence of dynamic programming steps. While enabling the solution of 
discrete problems, such an approach specifies no strict requirements to mathematical properties 
of the functions z,. 

The optimization model ha.s the form 

J, 

LZ1 = R(X1,X2, ... ,Xr,)- max 
l=I 

z, = gt( x,) , l = 1, /, 

[, 

LX1 ~I\ 
l=I 

(4.97) 

{-1.98) 

{-1.9!)) 

(4.100) 

where X 1 , X2, ••• , X r, are the c.osts of air protection measures carried out at the sources of the 
I, 2, ... , L groups, respectively. The model maximiz<'s the total effect of air protection measures 
within the allocated costs I\. While realizing the model, dynamic programming produces a 
family of solutions (optimal sets), f'ach corresponding to a certain level of costs not excc<~dir.g 
A". Thus, the relation (-t.!l!l) serves a..., the upper limit. 

Since the multit11<lc of pf'rrnissihlc effective corn hi nations (Stage 2) is discrete and finite ( N), 
a complete optimal set can he compiled in which the r.osts 1,·M arc maximum in r<!spcct to 
the possibilities of the initial mea.sures hank. Suhst.ituting /,· = 1,·M into the right-hand part of 
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in<'<1uality ( 4.99) would yield a complete optimal cost-effect function for the city /region obtained 
for the whole multitude of efficient \"ariants. 

The main principle of constructing a multi-step procedure to soive model ( 4.97)-( 4. 100) using 
dynamic programming consists of the following. Assuming that, at Stage 2, discrete values of 
costs are obtained within each group I for permissible effective sets: 

y(l) - v:<'> 
- n ' 

Let us introduce the sequence of steps t = I, L - I and determine the functions: 

• 

fi(yi) = maxf91(X1) + 92{X2)), 
Xi E y(I) 

X2 E v<2> 

Xi+ X2 $ K 

max [/1(yi) + g3(X3)J, 
YI E y(t) 

X3 E v<3> 

YI +XJ $ K 

/:(yt) = max[/t-1(Y;-t} + 9t(Xt)], 
Yt-1 E y(t-t) 

Xi E y(t) 

Yt-1 +Xi$ K 
t>2 

Yt E y(t) 

(4.101) 

(4.102) 

(·1.103) 

{-1.104) 

t 
where u<1

l is the definition domain of argument y1 representing the sub-multitude LJ y(i), and 

i=I /1(Y1) characterizes the maximum effect obtained from the distribution of costs K by t+ I groups 
and presents the optimal cost-effect function for these groups. 

Recurrent correlation ( 4.105) is the operator of transition from step t - I to step t. 
Thus, this multi-i:.:tep procedure presents the solution to the model (4.97)-(4.100) as a. pair­

wise combination of permissible effective sets referring to different groups I= I, L. The process 
desiibed is illustrated in Fig. 4.6. 

t us consider the multi-step computer procedure for solving the modci ( 4.97)-( 4.100). 

I. Step t = I. Calculation of total estimates 

11;j = v! 1
> + vy> } 

Z .. = z'11 + z'2> 
IJ :.II "'J 

For discrete values of costs and relevant effects (groups I and 2) 

Z<•l z'll z'•l. 
'I • '2 • · · · • 'Ni • Z(2) z'2> z'21 

'I • '2 • • · · • 'N1 

Construction of the vcct.ors 

r = (1Pl ,pl 11 ·) = (11 > } ' I ! J ! IJ r 

z = ( z,' 1 
l, z;2

l, Z;j) = < z.) 

II. Arranging rnrnponcn!.s of vector v arcorcling to the rising of rosts. 
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(a) Addition of variables: 

X17 Ill X1 + X2 

• ( b) Distribution unit: 

x 

( c) Function generator: 

x~ 

Functional scheme of cost distribution ((a) addition of variables; (h) distribution unit; 
on genera.tor). 
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II. Exclusion of inefficient estimates. If 

r1 =I. N•, r2 = l,N· (4.109) 

variant r2 is considered inefficient as compared to ri, and the r 2-th elements of vectors v 
and Z are excluded. The constant c determines the accuracy of the model solution (the 
number of optimal cost-effect function components). Thus, c helps to rarify (decrease the 
dimensionability of) vectors v and Z at C!ach step. 

Y. Testing the limitations of ( 4.99 ). If 

v,.>K, r = I,N• (4.110) 

the elements of vectors v and Z for the values r, r + I, ... , N• are excluded from further 
ana.iysis. 

V. Test: t = L- L If the condition is fulfilled, we transfer to item VIII, otherwise to item VI. 

"I. Step t + L At the t-lh step we obtain the resulting cost vectors and the rcle\'allt effects 

• Yt = (Y!t)) 
Wt= ft(Yt) = 

Cal<.ulation of total estimates 

V;j = Y!t) + vy+1) } 

Z .. _ <t> + z<t+i> 
I] - W; j 

. I ll.•• z = , iYt 

. -I M• 
t= •''t• j = 1,Nt+i 

(4.111) 

(4.112) 

-1 J\' u• (
0 

,.,,. u• N• N• ) r=, •, H = •'t +Ht+l+ t • t+I 

{-1.113) 
Transition to item II. 

Calculations complete. An optimal cost-effect function for the city/region is obtained. 

fhe41ove process allows one to calculate the optimal cost-effect function a :id to determine 
numbers of the measures from the initial hank that form the set of optimal m<'asures. 

~e 4: Multicriteria analysis of optimal measure sets 

set {fl} provides the initial data for the final selection of atmospheric protection strategies. 
set consists of vectors whose first two r.omponents arc investment and annual costs, and the 

·components are criterion estimations, corresponding to the discrete values of the functions 
lated in Stage 3. 

et Ri = { R~ H~ 1 be one of these vectors (If = Q + 2) and Pi. he the priority of the criterion 
'he criteria can be aggregated into intersecting sets. As exa.mples, one can mention the 
ving: 

the emission subset, whose components arc r.omparccl hy aggressive CO<'Hirient.s; 

the economic cla.mage suhset, whose compon<'nls are cornpar<'d hy monetary units; 

the concentration indices subset, whose components <HI' romnared by t.h" maximum allow­
able concentrations. 
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In this case the D~I can assign priorities to the '!ntire group but not to indi\·idua.l criteria.. 
\\'hile comparing the two atmospheric protection strategies R; and Rj, one can consider the 

two values: 

con/ onnity index 

II 

where p = L Pit; 
lt=l 

unconformity index 

1 
c;; = - L Ph 

p lt:R"<R" 
• - 1 

{ 

0 if R~ $ R~('Vh) 
D;1 = ~ rna.x jv,.(R~) - v,.(RJ)j otherwise 

o h:R">R" 
• - 1 

(4.114) 

(4.115) 

where v,. is a qualitative scale fir the criterion h, describing thf> changes in the criteria E e preferences, and 

( 4.116) 

Binary preference relations between R1 and R; are Jetcrmined by the threshold values of the 
conformity l 1 and unconfirmed €2 (0 ~ li, €2 $ 1) indices in the following way: 

R; is more preferable than R1 (R; >- R1) if €1 $ C;; and l 2 ~ D;;. 

This can only happen when: 

• the criteria set (considering its preferences), where R; is not worse than R;, is representa­
tive and satisfies the threshold value lJ; 

• the other criteria estimations provide insufficient grounds, in accordance with the threshold 
l2, for excluding the assumption R; >- R1. 

The convocation process for the set { R} consists of the exclusion sequence of some elements 
R and the definition of the nucleus G( fl, €1, €2 ) of the graph, of which the points arc the elements 
fl; and the arrows (R;,fl1) E G(R,l 1,l2) if fl;>- R; . 

• e nucleus, K, is a subset with the following properties: 

• externc1.I consistency, meaning that for each clement Rj excluded, there is at least one 
element R; that is preferable to R1 (fl;>- R1); 

• internal consistency, meaning that. there is no clement left that is nondominated by any 
other element ll1 E K left. 

If there are contour~ in G( fl, l 1, <2 ), then the contour C C G(Jl, £ 1, <2 ) is excluded h_; the 
procedure if 3fl; ¢ C where R; :.- Rj and R1 E £. The contour clements arc left for subsequent 
analysis. 

Therefore the n11deus KC G( R, <1, <2 ) presents the information neeclecl hy the DM to choose 
the most efficient atrnospli('ric protcr.tion strategics. 
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5 Conclusion 

The IPAC system integrates several mathematical models from a variety of disciplines and trade­
offs between accurateness of calculation and speed of PC runs. It is known that some models 
(e.g. transfer models in atmospheric physics) require significant increases in speed - up to the 
level of "supercomputing" - in order to increase accuracy. However, the accuracy and correctness 
of other models used in similar systems are left !ncomparable to transfer models. 

In general it is possible to improve (or even replace with newer ones) each model used within 
the framework of the system. However, in so doing one should be sure to have a thorough 
understanding of the actual application needs and consequences. 

The authors will continue the development of the system and new versions of the software. 
Comments and feedback are welcomed. 

• 
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