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V. COMPUTER MODEL FOR REGIONAL AI R POLLUT I ON FORECASTING 

by Pio tr Holnicki and Andrzej Kaluszko 

V.1 The mathcmat ica l forec a sting mode l 

In t he pape r a computer model for short-term foreca s ting 

6f air pol!ut i on in a region is presented. The model calculates 

the value s r ela t ed to spatia l distribution of pollutant conccn

tration within the fore casting period (in the basie version app

roximately 1-3 days ) .The h.orizontal dimensions of simulated 

dispersion process are 50 km x 50 km. 

The main input data can be divided inte the. following four 

groups: 

i) independent of time structural data 

- t he f orecast ing period - T, 

- g eometrical dimen sions of the domain, 

- g eometry of urba n and industrial areas, 

- topog r aphy, 

- aerodynamic roughness of th e t e rrain. 

ii) meteorologica l forecast 

- the mixing layer height - H, 

- g eostrophic wind components , 

- atmospheric stabi lity, 

- precipita tion intensity. 

iii) characterist ics of emission sources / 
- spa tia l di s tribution, 

- emission inlc n s ity. 

iv) the initial and boundary conditions . ; 
/ 

The~ ~ sical proccss of polltltant dipc r s ion in the atmos-

phere _ is ,:ons idered in a rectangular doma in 11 = L1 x L2 c ontu

in ing th e analyz e d r egion ( see Fig.V.1). It i s d esc ribed by 



55 

z 

,-
i ł 

H l :/ 
(~ 

~~~ ff(i-i ON 

\ \ 

.... X 
L 

Fig. V.1 The simulated area 

two - d i mens i onal (averaged over the mixing height - H) adve6tion

-diffu s ion equa tion of the form 

along with the boundary conditions 

o for w 

C = 0 fo r 

and the initial condition 

C (O) = c 0 in n 

on an x[O,T], 

l!er e c - denot.es a pollutant concentra tien in . bJ g /m~], ~= [ u iv] 

(2) 

- th e wind ~ector in [m / s], KH - horizontal diffusion coe ficient 

in [m 2 / s ]. Q - ave r aged over H pointwise emission , field in [~g/m3s ], 
2 . 

E - a r e a emiss ion field in [g /m s], vd - dry d eposition coefi-

ci cn t in [m/s] , Y - we t deposition fac tor depending on pre.::ipi

tation intensity . 
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The va lues of the wind fie l d vcctor ~ (x,y,t) in d oma in 

are gcncrated by a spccial procedure whjc h calcul ate_s succcsivc

l y: i) the averagcd o ver Il valuc ~0 bas ing on :,,eteorc logicill 

f orccast , ii) t opog ra ph i ca l corrcction ~t dcpending on the grot"" ' 

topography and acrodynamical roughn ess , i .ii 1· therma l correction 

~a d cpc nding on the " h cat i sland" ef fcct of urban sub r egion. Fi 

na lly we have 

w = w + w + w 
- - -t -G 

( 4) 

The mode l generates a _ sequence of forccasts of pol lu tant 

concen tration s with i n the period - T , which i s discretized wi ih 

time i nterva l of the model - OT . I ts l mgth i s deterrnined by 

th e f reque ncy o f introduc i ng meteo r ologica l data (for example 

OT= 6 hrs ) . Each t i me i nterva l i s segmc n t e d with tine discre

t iza t ion step - T of t h e nume r ica l procedu r e s o lv i ng the 

advecti on- diffusion equa t ion (sce l'iq.V . 2 ) . Al l th e t ime- d e pend ent 

Dr / 
! 

ltm,.,_ 
-+-~~~---+---- ---~------•-- ------ ~ -- _, __ p-

o 

Fig . v .2 The time d i scretization 

d a t a a t the .:i.J·J1cr points o f the i nterva l O'l' are lin early inter

polated . 'l'h e i nitia l-boundary va l ue prob l em ( 1) - ( 3) is numcri

c a lly sol ved by a n effect i ve finite e l emen t - cha racter i st ics pro 

c ed ure , Rolnick i et . a l. (1 983 ) , Ho ln icki and Żochowsk i (1 985) . 

(I 
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Read the input data 

Calculate control parameters 

Read the emission and roeteorological 

data for running time interval OT 

Calculate the ~verage wind field 

cornponents u 0 , . u 0 

Interpolate the emiss i on 

and meteorogical da ta 

Read the topogr. and therm. correct.· 

Calculate the wind field 

Salve the transport equa tion 

for the running time moment 

Edi t the results for the running 

time interval OT 

STOP 

Fig. V. 3 Flow diagram of the program. 

t + OT 
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The mode l has becn codc d in Fort r;:in and implcmcnt c d on SM-4 

(PDP - li ke ) c omputcr with s tandard config urat ion . The błock 

diagram of the computer prog ram i s sh own in Fig.V.3 (see Ho l nicki ,, 

al. (19 83 ) for details). The data are sto red i n disk filcs: 

URFOR. DAT - input data , i. ę . emission charak t eristics , meteo r o -

logica l for ecast, arca structure. 

DATA.LI ST - additiona l data. 

URFOR . TMP - wind f ie ld c omputed by WIND procedure. 

· u RFOR. LST - . o utpu t da t a , i. e . air pollution c oncentra ti on f o r ccas t 

V.2 The real data exeerimcnts 

Th e model has been tested on the rea l data f or Warsaw Met r opo

li tan Area , Holnicki et al ( 1983 ) and for t he Cracow Area containing 

the industrial region of Nowa Huta , Holnicki et al. ( 1985). The t csts 

c onsisted of short- ter m forecasts of sulfur ·c11ox ide con cen trat i on. 

I n the Warsaw case the r egion 40 km x 40 km was discretized 

with th e me sh of s pacing h= 1 km . The emission sources c onsisted of 

5 b ig powe r pl an'ts or h eavy i ndustry factorics and 83 i ntermed i a 

t e or small h eating plants and industr ial sources . Fu r thermore , th1 

r e were 123 area sources dist i ngu ish cd reprc scn ting city quarters 

o r suburban districts . The simu l ation was pcrforme~ f or ft n umb er of 

48 - hour meteorologica l episodes , both for wint c r and surrimcr season"' 

o f 1978. The resu l ts were compa red with the mca su r ed va l ues of so 2 
c oncentration at the selected points of the city . Al though the ob 

s e r vations were fragmen t ary and re l ated only to max i mum day-avera

g ed va l ues - it was poss i ble to lndicate a correl ation between the 

prediction and observation , Holnicki et a l. (1 983 ). 

The Cracow - c ase ex~e rime nt was based on a c ompl ex, spat i a l 

and tempora l observation of so 2 concentrations and ful l meteoro

l og i cal d ata cover ing February of 1984 . The mode l was ex~mincd 

f o r 5 s e lected 24-hours episodes . The emission characteris tics of 
I 

industrial and r es id en tial sources were con sidcrcd. The corr c l.1-

tion of t he model f orecast with the mensurc:rncn t va lues was, i n gC' 

n e ral, s a t isfactory, Ho lniCki et a l. ( 198 5 ) . 
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The run time of the program for both these cases is about 

10 minutes for 24 hours· forecast and for the standard space dis

cr e ti za tion . 

V .3 Pcssib le applications to regional environmenta l policy. 

Alt.houg h the model was designed for other applications, 

it can be also used to a·na lysis and formation of regional en

v ironmenta l policy. The following groups of applications are 

po ssJ.b le: 
I 

1. Evaluation o f the environmen t deterioration in the region 

/ related to: 

- l oca l emiss ions in the region and extremal inflow of po-

llutan ts, 

- populat i o n density and urban g eometry, 

- f ores t area s and their geometry, 

- agricultural areas and their geometry. 

2. Si mulation (foreca sting ) of the extremal environment deterio- 1 

ration situation s caused by: 

- extremely unconvenient meteorological conditions, 

- extremely high emission intensity. 

3. On-line emission control in order to minimize environment 
\ 

de t erioration costs subject to economical and technological 

cons tra ints. It can be achieved by: 

- fu e l quality control, 

c ontrol via redistribution of the emission within existing 

power plants system. 

4 . Evaluation of the industrial (including power plants) invest

mcnts from the environmen t protection point of view. 

5. Des ign of the optimal . funds allocation.-for: -' 

- new investment, i.e. determination of the location and the 

production capacity. 

- modernization of existing industrial plants subject to 

environm ent protection and economical constraints. 

It can be a chieve d by the time resca ling of the model. 
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