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DELINEATION OF INDUSTRIAL PLUMES
ON SATELLITE IMAGES

INTRODUCTION

Rapid increase of air pollution, which can be noticed for last decades
is one of many negative results of industrial civilization development.

In order to elaborate the most reliable method for estimation of the
air pollution level, at the Polish Remote Sensing Centre (OPOLIS)
within the Institute of Geodesy and Cartography some research works
have been started, which aimed at utilization remote sensing for this
reason, not cnly as the registration method, but also for preparing cha-
racteristics of air pollution sources as well as the state of air quality
(Ciotkosz, Bochenek, Bychowski, Nowosielski, 1973
Majcher, Sujkowska, Ciolkosz, Mizerski, Pudykie-
wicz, 1980).

As the result of present works, it was stated, that remote sensing
methods can be applied for:
— investigations of geometric properties of industrial plumes, in parti-

cular their shape, range, and the range of industrial dust {all,
— inwestigation of quantitative distribution of pollutant concentration

within industrial plumes,
— Investigation of influence of pollution on geographical environment

deterioration.

Remote sensing methods of air pollution investigations cannot substi-
tute conventional as well as model investigations. They can become,
however, the important stage connecting theory of spreading out of pol-
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lutions with measuring and computational practice, through verification
of models and their optimal parametrization within particular environ-
mental conditions of certain industrial plants.

DIFFERENTIATION OF IMAGES OF PLUMES PHOTOGRAPHED
ON SATELLITE IMAGES IN DEPENDENCE ON ELECTROMAGNETIC
WAVELENGTH

The image gathered by any remote sensors is the result of optical
relations occurring between an investigated object and electromagnetic
radiation illuminating it, which is registered on photographic materials
(or on magnetic tapes). Each object located on the way of solar ra-
diation, will be projected on the light sensitive material in the form of
image element, characterized by various tones. Tonal differentiation is
dependent on properties of photographed objects, such as different values
of absorption, reflectance and scaterring factors.

For some atmospheric states (cloudiness, haze, high concentration of
industrial smokes and gases), factors of absorption and scatterring beco-
me so high, that for particular electromagnetic bands the atmosphere is
partially or even fully opaque. On a photograph taken in such condi-
tions the atmospheric state will be visible, instead of the Eearth’s surface.
This fact is generally applied for investigation meteorological phenomena
and for preparation weather forecasts, and lately, also for investigation
industrial atmospheric pollution on the basis of satellite images (Cio1-
kosz Miszalski Oledzki, 1978).

Absorption, reflectance and scatterring of solar radiation by aerosol
molecules contained in the air, is dependent, first of all, on the chemical
constitution of an aerosol, as well as on molecule size and electro-
magnetic wavelength. This fact results in visibility of particular aerosol
trails, their contrast with the background, it means with scatterred ligth
of the sky, and in their colours. Such diversified optical effects of plu-
mes are the reason of series of problems, which occur during identifica-
tion of trails on images.

It turns out from the scatterring theory of Mie and Rayleigh, that
intensity of pollution is inversely proportional to registered wavelength,
what was also proved during experimental works. It means, in shorter
waves of visual radiation the trails are better visible than in longer
ones (Manual of Remote Sensing, 1975).

It is worth to be noticed, that difference of projection of industrial
plumes registered on Landsat images at 4th and 7th bands (the green
and infrared radiation) is high; for example the range of the trail can
be determined as 45 km for the green spectral band and only as 20 km
for the infrared band.
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DETERMINATION OF RANGES OF DUST POLLUTION
ON SATELLITE IMAGES

Preliminary visual analysis of Landsat MSS images of Poland,
multispectral photographs taken from the Salut 6 orbital station, stated
high correlation between imaged pollution and the state of the atmos-
phere. In such situations, when atmospheric stratification is stable, and
the flow is approximately stationary, mainly in high pressure areas, the
advection is the deciding factor. In such conditions, well shaped pollu-
tion trails are visible. The majority of analysed satellite images were
taken in these conditions. Poland was usually in the centre or on the
border of the high pressure area, temperate Southern-and-Western
winds occurred and atmospheric stratification was stable,

An example’ of such situation can be the image of the Silesian
District and Cracow, taken on October 10, 1978 (phot. 1) when the
longest ranges of visible trails were noticed. Emitted plumes from
industrial plants reached distances of 50, 60, and even 130 kilometres.
The satellite image points also the changing width of emitted pollutions.
The width of a trail for the case of point emitors is equal {rom 180 m
in the distance of 500 m from the emitors to 2000 m in the distance of
50 km from the emitor. In the case of group emitors, however, the
width of trails is equal approximately to 1400 m, even close {o the
emitor; it is equal to 9 km in the distance of 50 km from the emitor.

The satellile photograph taken on this day shows also the trans-
portation of pollution emitted from the Czechoslovak Ostrava-Karwina
Industrial Region to Poland. Smokes from this region reached the dis-
tance of 25 km and they influenced on the vicinities of Rybnik, Wo-
dzistaw Slagski and Jastrzebie Zdroj.

For situations when inversion effect occurs, for very low speced of
flow, domination of microphysical phenomena occurs. The only one trans-
portation mechanism in such casss is turbulence diffusion. On images
taken in such conditions only results of photochemical reactions are
visible in the form of characteristic shapes.

It turns out from present investigations, that within the inversion
areas the highest cumulation of pollutants occurs in lower atmospheric
layers. The classical example of such situation is presented on the sa-
tellite images of the Silesian District and Cracow taken on June 2,
1978 (phot. 2). Over the whole Upper Silesian District the overlay of
polluted air occured, which caused that the image is blurred and hazy.
On this image, the area covered with polluted air is equal 35 km in
length and approximately 15 km in width; in the Western regions the
flow of polluted air towards the Mala Panew and Odra valleys can be
observed.
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On the basis of analysis of the entire set of satellite images which
is at the Institute of Geodesy and Cartography, the air pollution effect
within typical low pressure areas and increased speed of air masse flow
and strong turbulences has not been stated. The increase of speed of
wind causes spreading out pollufions for longer distances, but because
of increase of turbulences, pollution concentrations are fast decreased
with moving away from the emmitor and they become unvisible.

Specific properties of satellite images acquisition, first of all high
altitude and considerably low resolution determine the possibility of
their applications and limit it to investigations of phenomena of high
intensity and spatial range. In the case of the Landsat images all plants,
for which pollution trails are equal at least to 70—80 metres in width,
can be included into investigations. They can be the trails from single
emmitors, as well as combined trails, from several emmitors, located
close to each other. In the case of photographs taken from the Salyut-6
orbital station, the investigations can include also trails equal to 15—20
metres in width Dabrowski, Mizerski, 1979).

The basis for trail identificalion and determination of their range
are the difference of optical density of polluted and clear areas. In many
cases the borders of trails range were determined directly on diaposi-
tives of the Landsat MSS 4 or of the 2rd Salyut band without utilization
of specialistic equipment. Very often, however, images were analyscd
with the densitometer or with the additive colour viewer in order 1o
extract some additional features (colour, shape, optical density value},
confirming or negating preliminary conclusions; this procedure was per-
formed when it was impossible to explicitly determine the range or
when it was doubtfull, whether an identified element was the trail or
not.

Analysis of satellite photographs allows to determine the pollution
range both for direct vicinities of plants and for city agglomerations and
industrial regions. Investigations carried out from the terrestrial sta-
tions do not consider real ranges of pollution, due to their fast dis-
sapecarance on the light sky.

Observations of a trail on the usual dark background, carried out on
satellite images become the good source of information on real range of
pollution. Comparison of ranges of industrial plumes determined on the
basis of theoretical data and on the basis of satellite images showed,
that in many cases, lengths of trails, visible on images are greater for
even tens of kilometres. The greatest range of trails which has been
obtained for Poland was equal approximately 130 km, and the clear,
cortinuous image of a trail was approximately 80 kilometres long.

According to theoretical assumptions the range of destructive reac-
tion of that trail on environment{ should be limilted to the range of ap-
proximately 52 km, it means to the distance when the concentration of
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the pollutants in the trail is 5% of its original value. According to esti-
mation of optical density value of the trail image, which determines the
relative concentration level of pollution, the value less than 5% is
reached by the trail in the distance over 70 km from the emmitor, it
means at least 20 km more. For meteorological conditions occurring du-
ring taking the image the range of emmission of all other plants of
the Silesian-Cracow agglomeration was also greater than it should be
according to theoretical calculations.

Effects of condensation of water vapour on artificial condensation
nuclei, which are scatterred molecules of pollutants are also very well
visible on satellite photographs. The series of clouds of the Cumulus
type occured on extension of plumes and often also over plumes. The-
se clouds occured together with industrial smokes in distances some-
times greater than 100 km.

The images taken from the Landsat are not, in general, prepared
for stereoscopic observation. It is possible to obtain 3 dimensional effect,
but only in the case of areas covered by photographs taken from two
different orbits.

The altitude of taking photographs and the length of the base
cause, that height differences equal at least to 500 m can be visible with
the use of a stereoscope. The stability of external orientation elements
and the knowledge of Sun elevation and its azimuth allows, however,
to utilize the shadow of objects for determination of altitudes of these
objects (fig. 1).

The shadow of the image of pollution plume is clearly projected on
the terrain surface even for low density of this trail. The shadow of
the Cumulus type clouds occurring with trajectories of industrial plu-
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mes, is also very well visible. Knowledge of mentioned elements allows
to determine the altitude of smoke for arbitrary distance from the em-
mission source. The following equation was applied for computing this
altitude:

o - HCatge
H—(*xtgo)

z —  trail altitude,

H — orbjt altitude,
x — distance from the image axis to the trail border,
¢ — Sun illumination anglé,
C: — length of the shadow on the image reduced according to the for-
mula:

C. = Cyeos [180°—(As+0)],

where:
Cp — length of the shadow measured along the direction of the Sun’s
azimuth,
As — the Sun’s azimuth,
G — the angle between direction of local meridian and direction of the
flight of the satellite.
. siny
6 = arcsin——,
cosg
where:
» — orbital distance of the orbit = 9,1°
@ — geographical latitude of the centre of the image.

Possibility of analysis of a shadow in the distance of tens of kilo-
metres from the emmission source allowed to calculate the altitude of
the trail over the terrain (fig. 2). This value varies for different dis-
tances from the emmitor from 110 m to 550 m.

In the case of the Nowa Huta steel mill large groups of the Cumulus
clouds accompany emmitted smokes for the distance of 10 km; they
cover the image of shadow of the trail. On the basis of the shadow of
these clouds their altitude was calculated, which is equal to 750 m
(fig. 2).

In contradistinction to the Landsat satellite images the photographs
taken from the board of the Salyut-6 orbital station, were taken with
sterecscopic overlapping what allows to obtain the 3-dimensional ter-
rain model. Such satellite photographs are characterized by resolution
of 15-—20 metres, what cause that they can be analysed with optical
enlarging systems, for example interpretoscopes. They were taken with
the photogrammetric camera, so they can be also processed with photo-
grammetric devices.
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The photographic camera mounted on the board of the Salyut-6
is a multispectral camera, taking photographs in 6 electromagnetic spec-
tral bands. For analysis of dust emmission, however, only photographs
taken in the 3rd band (yellow-orange) were utilized, according to pre-
viously mentioned notices. The topic of the stereophotogrammetric ela-
boration was to determine shape, range and height of plumes, in order
to compare real parametres with modelling plumes.

The border bstween a plume and tferrain was so well visible, that
the authors suggest, that the error of its identification does not influ-
ence the measurements of plume parametres.

The terrain model with recorder momentary location of plumes,
which has been the result of continuous process occurring for longer
period of time, was reconstructed by means of the Stecometer.

Terrain cocrdinates of tie points were determined on the basis of
a map at the scale of 1:200 000,

Spatial, orthogonal transformation of model coordinates into terrain
coordinates system was performed by means of the FOTOKOSM pro-
gramme, which was elaborated at the Institute of Geodesy and Carto-
graphy especially for the Salyut-6 satellite photographs processing (M i-
zerski, 1981).

Results of photogrammetric elaboration of shape, altitude and di-
rection of plumes movements for several chosen emmitors are shown
in fig. 3 a, b, c. It is worth to add, that the z coordinate measurement
error on satellite images is equal to *54 m. These figures show simul-
taneously axes of plumes, which were determined on the basis of theo-
retical plume models, applied in meteorology, where the wind fields
were described with utilization of geopotential data for the area of
850 mb, information on ground wind, or considering both information
supplemented with results of aerological records. For each of these
models, characteristic data for different atmospheric layers is utilized,
which is acquired with different frequency, thus trajectories obtained
this way can have various location.

None of these models consider local topographic conditions, which,
as it turns out from analysis of satellite images, can be deciding factors
for directions of dislocations of plumes. For example, the trajectory of
a plume emmitted by the Turéw power plant on August 1, 1978 had the
azimuth equal to 315°, which agreed with the azimuth calculated on the
basis of information concerning ground winds. On the other hand, ac-
cording to a model considering aerological register, the plume azimuth
should be equal to 355° and according to the geostrophic wind field -
this azimuth should be equal to 25°.

Direction of spreading out of smokes emmited by the same power
plant on July 27, 1978 did not agree with directions computed theore-
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Fig. 3. Comparison of trajectories of plumes determined by photogrammetric method
(1) and by method of simulating dispersion processes utilizing the ground wind field (2),
aerological record (3) and geostrophic wind field (4), for the emission from the Turéw power
plant on August 1, 1978 (fig. 3a), on July 27, 1978 (fig. 3b) and for the chemical plants at
Oswiecim on August 1, 1978 (fig. 3c). For each analysed case lower diagrams show altitude,
shape of the upper laeyr of plume, its range and terrain profile under the plume

Rys. 3. Porownanie trajektorii smug wyznaczonych metoda fotogrametryezng (1) oraz me-
toda symulacji proceséw dyspersji wykorzystujacq pole wiatru przyziemnego (2), sondaZ
aerologiczny (3) i pole wiatru geostroficznego (4) dla emisji z elektrowni Turéw w dniu 1
08. 1978 r. (rys. 3a) oraz W dniu 27. 07, 1978 r. (rys. 3b), a takie dla Zakladéw Chemicznych
w Oswiecimiu w dniu 1. 08, 1978 r. (rys. 3¢).W kazdym analizowanym przypadku pokazano
na dolnych wykresach wyniesienie, ksztalt gérnej powierzchni smugi, zasigg smugi oraz pro-
fil terenu.
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tically, which in this particular case, cover each other, and they differ
from the real direction approximately 35°.

Disagreement of direction of plume spreading out with simulated
plumes is a result of omitting local topographic conditions, which cau-
sed the flow of air into the Nysa Luzycka valley. Direction of ground
wind, however, determined at close meteorological stations was devia-
ted approximately 30° to the Northern-Eastern direction from the di-
rections of wind occurring in the vicinities of the power plant.

A more interesting case was observed during analysis of emmission
from the Chemical Plants at Oswiecim. Trajectories of emmission, the
real one and one determined on the basis of ground wind almost cove-
red each other. Almost 180° difference was obtained however, for uti-
lization of geostrophic wind field model, and a trajectory determined
on the bhasis of aerological register cover a real trajectory for about
10 kilometers, and then took the opposite direction. ,

Influence of terrain relief on direction of pollution spreading out
can be observed during analysis of satellite images taken on June 26,
1975 over the Sandomierz Basin. The plume emmitted from the chemi-
cal plants in Tarnéw had the Scuthern-Eastern direction at first, and,
was spreading out [or the distance of approximately 25 kilometres.
according to theBiala River valley.

Then, this plume turned for 90° in thes Southern-~
-Western direction, still according to the mentioned valley. After several
kilometres, the plume left the river valley and turned for 90° in the
Southern-Eastern direction, in the depression in mountains, reaching the
Ropa River valley (fig. 4). Such complicated direction of plume spreading

Fig. 4. A sketch of
spreading out of the
plume emmitted by the
chemical plants in Tar-
néw on June 26, 1975

Rys. 4. Szkic roz-
przestrzeniania sie smu-
gi emitowanej przez Zo-
klady Chemiczne w
Tarnowie w dniu 26.
06. 1975 r.
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Fot. 1. Zdjecie satelitarne Goérnego Slaska i aglomeracji krakowskiej wykonane
24, 10, 1978 r.

Phot. 1. Landsat image of Upper Silesia and Cracow Agglomeration taken on October
24, 1978
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Fot. 2. Zdjecie satelitarne Gérnego Slaska i aglomeracji krakowskiej wykonane 2. 06. 1978 r.
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Phot. 2. Landsat image of Upper Silesia and Cracov Agglomeration taken on June 2,
1978
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Phot. 3. Landsat image of Southern-Western Poland taken on March 2, 1979, (showing
industrial and muncipal dust fall concomitani with great plants and towns

Fot. 3. Zdjecie Polski poludniowo-zachodniej wykonane w dniu 2. 03. 1979 r., obrazujgce
imisje pylow przemyslowych i komunalnych towarzyszacg wielkim zakladom przemyslowym
i miastom



out cannot be considered by any of existing models of plumes simulation
on the basis of meteorological plumes (see also: Dworak, 1980j.

The strength of the influeace of terrain relief on the direction of
smokes spreading out is shown on the satellile photograph taken on
November 2, 1973 over the upper Vistula River and the upper Odra
River. On the area of Southern Poland, the Southern-Eastern winds
cccurred this day, directing dust emmission from the Upper Silesian
District towards the Opole Plain. Dusts emmitted at the same moment
from Ostrava and Karwina were directed to the Upper Odra River
valley, by movements of the air flowing through the Moravian Gate.
Pollution concentration in the air over this area is so high, that radia-
tion reflected from the terrain surface is fully absorbed. Comparison
of image of polluted air over the Upper Silesian District and over the
upper Odra River valley shows, that the situation for the Upper Si-
lesian District is considerably better this day. (Walczewski, 19?6).

Analysis of satellite images of Poland taken from the board of both
American, as well as Soviet research satellites allowed to elaborate
a map of directions and ranges of plumes emmitted by great industrial
plants in Poland. Satellite images, which are at the IGiK disposal were
taken in the period between 1973 and 1979. They cover entire Poland,
but frequency of their taking over particular areas of our country dif-
fers, dependently on meteorological conditions. A map elaborated on
the basis of these photographs shows both directions and ranges for
different plants with different [requency. In spite of certain disadvan-
tage caused by lack of simultaneous satellite images for the entire
country, this map gives an idea on size of areas over which the air is
constantly polluted.

It turns out from the analysis of this map, that besides the well
known fact of polluting air over the Upper Silesian District, such
orocess is also strong for the vicinities of Cracow (fig. 5). It should be
also noticed, that big cement plants located in the central Poland
created the area, over which the air is highly polluted. The average
distance of dust emmission from the cement plants is equal to 25—30
kilometres for every direction.

It turns out from the analysis of satellite images, that only the
Northern-Western Poland and the Northern-Eastern Poland is free from
air pollution.

Satellite images allow sometimes to determine a range of industrial
and municipal immission. The example can be the Landsat MSS image
ot the Southern-Western Poland taken on March 2, 1979 (phot. 3). All
imaged area was covered by snow. The last snow fall was recorded
by local meteorological stations on February 24 and 25, 1979 and thic-
kness of snow cover was equal to 29 cm.
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Fig. 5. A portion of
the map: Range of
plumes emmitted by
great industrial plants
in Poland, elaborated
at the Institute of Geo-
desy and Cartography
in 1980

Rys. 5, Fragmeni
mapy: Zasieg smug za-
nieczyszczen  emitowa-
nych przez wieksze za-
ktady przemystowe w
o . . Polsce opracowanej w
) ok — Instytucie Geodezji 1
—_— Kartografii w 1980 r.

TRZEBINI

The satellite image was taken 6 days later during sunny weather,
without haze. Bright terrain surface covered with snow was differently
blacked out, depending on quantity of dust fall. On this image a dark
area close to the Tur6w power plant is well visible, which is connected
with immission of power plant at Turoszéw and immission of German
power plants located close to Zgorzelec. The area of reaction of the
system of these power plants is equal to about 1100 square kilometres.

On the basis of results obtained after present investigations it can
be stated that satellite images are highly useful for analysis and estima-
tion of state and spreading out of air pollution. Classical methods applied
for estimating and forecasting air pollution base on direct point mea-
surements of pollution concentration and on computations performed
on the basis of empirical formulae of atmospheric diffusion. It turns
out from the works carried out at the Institute of Geodesy and Carto-
gravhy that analysis of satellite images is an excellent source of auxi-
liary information for these classical methods.
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ANDRZFJ CIOLKOSZ, IRENA MAJCHER

WYZNACZANIE ZASIEGOW ROZPRZESTRZENIANIA SIE DYMOW
PRZEMYSEOWYCH NA PODSTAWIE ZDJEC SATELITARNYCH

Streszczenie

Szukajac nowych metod okreslania stanu zanieczyszezenia powietrza atmosfe-
rycznego przez przemysl siegnietc do zdje¢ satelitarnych, na podstawie ktérych
wyznaczono zasiegi dymoéw emitowanych przez wielkie zaklady przemystowe.
Zdjecia satelitarne zostaly wykonane przez satelity serii Landsat oraz przez ko-
lejne zalogi radzieckiej stacji orbitainej Salut 6. Najbardziej przydatne do tego
rodzaju badan okazaly sie zdjecia wykonywane w krotszych zakresach fal, a wiec
w widmie zielonym rejestrowanym zaréwno przez landsatowski skaner, jak i ka-
mere MKF 6 pracujgca na pokladzie Saluta 6.

Zdjecia satelitarne umozliwily wyznaczenie przesirzennych parametrow dv-
1ow przemyslowych poprzez okreslenie ich kierunkéw, jak réwniez rozmiarow
w piaszczyZnie pionowej i poziomej. Skala zdjeé satelitarnych predestynuje je do
badania emisji pylowych z wielkich zakladow przemystowych, takich jak: elek-
trownie, cementownie, zaklady chemiczne, huty czy fabryki papieru.

Powazne ograniczenia w wykorzystaniu zdjeé satelitarnych do wyznaczania za-
siegu zanieczyszczen siwarzajg warunki atmosferyczne. Dymy przemyslowe odda-
ne s najlepiej na zdjeciach wykonanych w warunkach pogody wyzowej, gdy
stratyfikacja atmosfery jest stabilna. W sytuacjach typowo nizowych, przy
zwiekszonej predkosci przeplywu mas powietrza i silnych turbulencjach, dvmy
nie odfotografowuja sie na zdjeciach, gdyz stezenia zanieczyszczen gwaltownie
mmaleja w miare oddalania sie od zrédla emisji.

Znajomosé wysokosci 1 azymutu stonca w momencie wykonywania zdjecia
satelitarnego pozwala obliczyé wysoko$é wyniesienia smugi dymu, wykorzysiujgc
zjawisko cienia rzucanego przez dym na powierzchnie ziemi. W przypadku zdjec¢
wykonywanych za pomoca kamery MKF 6 wysoko$é wyniesienia piéropusza dy-
mu okresla sie za pomocg metod fotogrametrycznych.

Trajektorie dyméw przemysiowych wyznaczone na podstawie zdje¢ sateli-
tarnych zostaly poréwnane z modelami trajektorii obliczonymi ma podstawie pro-
cesdw symulacji dyspersji. Wzieto pod uwage trzy modele: uwzgledniajacy wiatr
geostroficzny, wiatr przyziemny oraz obie te informacje uzupelione wynikami
sondazu aerologicznego. Najlepsza zgodno$é miedzy trajektoriami wyznaczonymi
na podstawie zdjeé satelitarnych i obliczonymi z modeli otrzymano dla modelu
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uwzgledniajacego wiatr przyziemny. Zaden z modeli nie uwzglednia lokalnych
warunkow lopograficznyeh, ktoére — sadzgc z analizy zdjeé satelitarnych —
mogg w wielu przypadkach decydowad o kilerunku przemieszczania sig smug za-
nieczyszezen.

Analiza zdjeé satelitarnych calego obszaru Polski umozliwila opracowanie
mapy obrazujacej zasiegi dymoéw emilowanych przez duize zaklady przemy.to-
we, Na podstawie tej mapy mozna wyznaczy¢ regiony o réinym stopniu zanic-
czyvszezenia powietrza atmosferveznego.

ANDRZEJ CIOLKOSZ, IRENA MAJCHER

LA DELIMITATION DES AIRES D’EXPANSION DES FUMEES
INDUSTRIELLES A PARTIR DE PHOTOGRAPHIES COSMIQUES

Résumé

Recherchant de nouvelles méthodes de détermination de I’état de la pollution
de lair atmosphérique par lindustrie, on a fait appel aux photographies cos-
nigues a partir desquelles on a délimilé les aires d’expansion des fumées émises
par les grands établissementls industriels. Les photographies cosmiques ont etd
prises par des satellites de la série Landsat ainsi que par les éguipes successives
de 1a station orbitale soviétique Saliout 6. Ce sont les photographies réa-
lisées dans les gammes des ondes irés courtes qui se sont avérées les plus utiles
a4 ce genre de recherches, et donc dans le spectre vert qui est enregistrée tant
par les scaners des landsats que par la caméra MKF 6, installée a bord de
Saliout 6.

Les photographies cosmiques onl permis d'établir les parametires spatiaux des
fumeées industrielles par la détermination de leurs orientations ainsi que de leurs
étendues tant sur le plan vertical que sur le plan horizontal. La gamme des
photographies cosmiques les prédestine a 1'’étude des émissions de poussiéres pro-
venant de grands établissements industr.els a I’étude des émissions de poussieres
provenant de grands établissements industriels tels que les centrales électriques,
les cimenteries, les usines chimiques, les hauts-fourneaux ou usines de papier.

Le, conditions atmosphériques limilent dans une grande mesure la possibilit¢
d'utiliser les photographies cosmiques pour délimiter les aires d’expansion des
pollutions. Les fumées industrielles ressortent le mieux sur les photographies
lorsque celles-ci sont prises dans de conditions d’anticyclone et que la stratifi-
cation de latmosphére est stable. Dans les situations typiques de basse pression,
avec une vitesse accrue de la circulation des masses d’air et de fortes turbulences.
les fumées ne se laissent pas photographier car la densité des pollutions aiminue
promptement au fur et a mesure de leur éloignement de la source d'émission.

La connaissance de la hauteur et de l'azimut du soleil au momen! de la
prise de la photographie cosmique permet de calculer la hauteur de l'élevement
de la trainée de fumée, par lutilisation du phénoméne de l'ombre de cette [u-
mée & la surface du sol. Dans le cas des photographies prises a l'aide de la ca-
méra MKF 6, la hauteur de I'élévation du panache de fumée se définit a laide
des méthodes photogrammeétriques.

Les trajectoires des fumées industrielles élablies a partir des photographies
cosmiques ont été comparées aux modéles de irajectoires calculés d'aprés les
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orocessus de simulation de la dispersion. Nous avons pris {rois modéles en consi-
dération: celui qui tient compte du vent géostrophique, celui qui tient compte
du vent superficiel ainsi que celui qui tient compte de ces deux inforrnations
complétées par les résultats d’un sondage aérologique. Nous avons obtenu la con-
cordance la meilleure enire les trajectoires établies & partir des photographies
cosmiques et celles qui étaient calculées d’aprés les modéles pour le modeéle qui
tenait compte du vent superficiel. Aucun des modéles ne prend en considération
les conditions topographiques locales qui — si l’on en juge d’aprés l'analyse de:
photographies cosmiques — peuvent dans bien des cas étre décisives en ce qui
concerne Porientation du déplacement des trainées de pollutions.

L’analyse des photographies cosmigues de tout le territoire de la Pologne
s permis d’élabover une carte illustrant les aires d’extension des fumées émises
par les grands établissements industriels. A partir de cette carte, on peut déli-
miter les régions de divers degrés de pollution de 1'air atmosphérique.

Traduit par Michal Michalal:



