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The importance of deposition measurements in the study of
atmospheric sulfur and nitrogen cycles:
an application of BAPMoN data*

MESZAROS, E. Institute for Atmospheric Physics, H-1675 Budapest, P.0.B. 39.

Az dilepedés-mérések jelentésége a kén és a nitrogén légkiri ciklusdnak tanulmdnyozdsd-
ban : a BAPMoN adatok alkalmazdsa. A tanulmény célja annak bemutatésa, hogyan lehet a
BAPMoN (légkori hattérszennyezddést megfigyel hélézat) adatait felhasznélni a légkori
kén és nitrogén kiillonboz6 1éptéki mérlegének tanulményozisakor. A szerz6 hangstlyozza
az ulepedés-mérések fontossagat, illetve tablazatokat mutat be, amelyeknek a segitségével
az emisszi6 adott teriiletre kiszdmithat6. Végiil ismerteti a mérleg-egyenlet felhasznéldsdnak
médszerét.

X

The importance of deposition measurements in the study of atmospheric sulfur and
nitrogen cycles : an application of BAPMoN data. The aim of this paper is to demonstrate
the usefulness of BAPMoN data in the study of atmospheric sulfur and nitrogen budgets
on global, continental and regional scales. The importance of deposition measurements
in these studies is emphasized. Information is given to estimate the emission of sulfur and
nitrogen compounds for a certain territory or country. The calculation method of the
budget by using the balance equation is also presented.

%

Introduction. Air chemistry is a branch of atmospheric science dealing
with the atmospheric part of the cycle of different elements (e.g. oxygen,
nitrogen, sulfur, carbon, hydrogen) and their compounds in nature. The per-
patual material flow among different media (reservoirs) of the Earth is called
biogeochemical cycle since the biosphere plays an important role in its
control. The biogeochemical cycle is very essential for our life since it provides
substances for the metabolism of different organisms. Further, this material
flow makes the composition of the atmosphere permanent. This permanent
composition, assuring with other factors the present climate of our planet,
is due to the fact that the material input (sources) into the atmosphere is in
equilibrium with the appropriate removal (sinks) for a longer time period.
The environmental problem arises from the fact that human activities can
modify the atmospheric pathways, mainly in the case of the so-called trace
materials, the quantity of which is unsignificant relative to the mass of the
main constituents (nitrogen, oxygen). From this point of view, the aerosol
forming compounds are of interest in particular, because aerosol particles
control, among other things, the radiation balance, the clound formation
and the optical properties of the air. The aim of this paper is to discuss the
atmospheric budget of sulfur and nitrogen compounds, which give the major

* Paper presented at the WMO Technical Conference on Observation and Measurement of
Atmospheric Contaminants, Vienna, 17—21 October 1983.
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part of the aerosol particles under background conditions. The discussion of
these questions seems to be useful since wet deposition of these species (the
gink term in the budget) is regularly measured at BAPMoN stations of WMO
(BAPMoN: Background Air Pollition Monitoring Network). In this way we
can relate important research problems in air chemistry to the routine activity
recommended by WMO.
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1. Tropospheric chemistry of sulfur and nitrogen compounds

Fig. 1. summarizes qualitatively, without details, the major reaction
pathways of sulfur and nitrogen compounds in the troposphere. In the figure
the cycle of aerosol particles of surface origin (sea salt and soil particles) is
not represented. This means that nitrate and sulfate particles symbolized at
tha left part of the figure are so-called fine particles with radius smaller
than about 1 um.

Since the air is an oxidizing medium, sulfur and nitrogen compounds are
getting in the air more and more oxidized. Except the NH;—~NO transfor-
mation this can be followed in the figure from left to right. The arrows indi-
cate homogeneous gas phase reactions, except in the case of aerosol forma-
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tion. The compounds labelled as primary species in Fig. 1 are emitted into
the atmosphere from other reservoirs, mostly under the effect of biological
processes. On the other hand secondary species are due to the atmospheric
transformation of primary compounds emitted directly into the air. One can
see that nitrogen monoxide and sulfur dioxide can be both primary and
secondary constituents. NO can be formed in the atmosphere not only by
NH,; oxidation, as indicated in Fig. 1, but also by nitrogen fixation during
lighning discharges (for further details see Ehhalt and Drummond, 1982 ; Logan,
1983). SO, is (emitted into the air by volcanc activity (Georgii, 1982) (‘‘pri-
mary” SO,) and also it is formed in the air from sulfur compounds in reduced
state (Sze and Ko, 1980).

This natural cycle of sulfur and nitrogen compounds is disturbed by
mankind, mainly by fossil fuel burning. In other words this means that we
mobilize the sulfur and nitrogen content of fossil fuels by releasing into the
air sulfur and nitrogen oxides. Moreover, the burning of fossil fuels creates
high temperatures leading to “artificial” nitrogen fixation. In the tropics the
biomass burning by man (e.g. land clearance for agriculture, burning of
savannas, wood burning) also provide an important pollution source. On
the other hand carbonyl sulfide (COS), carbon disulfide (CS,) ansd dimethyl
sulfide (DMS) can be released from refineries of sulfur recovery plants. Fur-
ther, the level of hydrogen sulfide (H,S) was found to be relatively high in
the air over areas (e.g. Rhein-Main area in Federal Republic of Germany)
where industrial activities are concentrated suggesting that H,S is also pro-
duced by human activities (Georgii, 1982).

As calculation indicates animal husbandry is the major anthropogenic
ammonia source since a lot of NH; molecules are emitted into the air from
animal urea. It seems that this is the most sognificant source term on con-
tinental (Bdnis et al., 1978) and global (Bdéttger et al., 1978) scales.

Sulfur and nitrogen species in domain I in Fig. 1 are removed from the
air mainly by chemical transformation alone, while domain Il contains such
compounds which are removed either by transformation or by deposition.
Finally, gaseous and particulates nitrate as well as sulfate particles are re-
moved from the air by wet and dry deposition. As it is known dry deposi-
tion denotes the vertical mass transfer of trace substances (including aerosol
particles) due to diffusion and gravitational settling, while the removal of
gases and particles by cloud and precipitation elements is termed the wet
deposition. This last term can easily be determined by multiplying the con-
centration in precipitation water with the precipitation amount. The esti-
mation of dry deposition needs special flux measurements (see later).

It follows from Fig. 1 that the atmospheric cycle of nitrogen and sulfur
species is interrelated. The link between the two types of compounds is owing
to atmospheric ammonia. However, it is to be noted that the chemistry of
sulfur and nitrogen in the troposphere is much more complicated than Fig. 1
suggests. This is due to the complexity of the chemistry of tropospheric air
(see Logan et al., 1981). In the majority of chemical transformations, repre-
sented in the figure, free radicals (OH: hydroxil radical; HO,: hydroperoxyl
radical) play an essential role. These electrically uncharged atomic groups
containing an odd number of electrons are very reactive. OH radicals are
formed by the interaction of excited oxygen atoms and water vapor (see
Table I). Since excited atomic oxygen comes from the decomposition of
ozone in the troposphere and since the chemical removal of OH and the for-
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mation of HO, are related to the presence of carbon monoxide and methane,
we can say that all the species mentioned are more or less important in the
chemistry of sulfur and nitrogen compounds. This statement is true in parti-

cular for nitrogen oxides which also provide a tropospheric ozone source as
Table I shows.

TABLE I

Some important chemical reactions in the troposphere leading to the formation of free radicals (OH,
HO). The interested reader is referred for further details to Logan et al. (1981)

O, +hr—->0*+4+0, H+0,+M-HO,+M
0*+H,0—~0H +0H NO,+mw—-NO+0
OH +CO—~H +CO0, O0+0,+M->0;,+M

Note: Asterisk denotes the excited state.

Due to the interaction of sources, sinks and transformation processes
each atmospheric constituent has a certain concentration and residence time
in the atmosphere (see papers specialized in the subject: Mészdros, 1978;
Bandy and Maroulis, 1980; Georgii, 1982; KEhhalt and Drummond, 1982.
Logan, 1983). Except carbonyl sulfide the concentration of sulfur and nit-
rogen species is rather variable in space and time owing to uneven distribution
of sources and to short residence times (typically days or weeks). However,
the residence time of COS is about 1 year, which makes possible its uniform
mixing in the troposphere (it is the main sulfur bearing compound in the
atmosphere with an ubiquitous concentration of 0.50 ppb). Even, this com-
pound may reach the stratosphere to take part in the formation of the
stratospheric sulfate layer (Crufzen, 1976).

2. The global budget of sulfur and nitrogen species in the
atmosphere

As it was mentioned in the introduction the meteorological problem
caused by the anthropogenic modification of the cycle of sulfur and nitrogen
species is the alteration of the aerosol formation on a global scale. This
alteration is particularly dangerous in the case of ammonium sulfate particles
giving the majority of tropospheric background aerosols (Mészdros and Vissy,
1974). The difference between the fraction of nitrate and sulfate in aerosol
phase is due to the fact that an important part of nitrate remains in vapor
form in the atmosphere as nitric acid. However, sulfuric acid condenses very
rapidly to form sulfate particles.

The problem is as follows. How can we determine the anthropogenic
fraction of sulfate (and nitrate) particles, considering that no concentration
measurements have been carried out in the past. The theoretical reply is very
simple: by estimating the present ratio of the strength of anthropogenic
sources to that of natural emissions. Unfortunately in the practice several
problems arise. Let us consider them in some detail.

The balance equation between the sources (E) and sinks (D) is not
complicated :

Ey+Ey,=Dy+ Dy (1)
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In this eauation “n” and “a’” refer to natural and anthropogenic sources
respectively, while “‘d” indicates dry, “‘w’’ denotes wet deposition. If we want
to use this formula we have to determine the numerical value of different
terms in it. This is done in the following way. We can rather easily estimate &,
in the balance equation by using statistical data (on fossil fuel consumption,

TABLE II

Emission factors expressed in sulfur or nitrogen equivalents for main different human activities
compiled from Bottger et al. (1978). EPA (1973; 1978), Logan (1983) and Viarhelyi (1983)

Activity | Emitter Unit S0, -8 NOy—N NH;-N
. | Hard coal g.kg! 7.5 0.9—-2.75 0.012
20 1 Brown coal g.kg? 7.5 1.0—-2.8 0.006 —0.009
=2 Crude oil g.kgt 9.5 1.6—3.5 -
= Natural gas  mg.m — 0.6 —3.0 -
f " Fertilizer prod. % (N or S mass 1.5—6.0 1 5—10
g Pax. ] produced)
&£ | Oil refinery g.kg 1-5 - —
‘a5 | Oresmelting gkgt 100 —1000 - -
S & | Burning of wast
2 ‘ material g.kgt ? 0.5 -
-2 Cars g.km — 0.9 0.025
= | Others (lorries,
) : bus, tractors) g.km-? - 1.2 0.025
i ‘ Cattle g.day-t — - 51-175
i | Sheep g.day™! — — 6—-12
g8 | Pigs g.day? - e~ 6—18
g0 | Others (horses,
< 3 asses, mules) g.day-! - - 21—-36
= | NH, oxidation ug.m-2.hr - 10— 30 -
|

Forest or grass

| fires g.kg? (4 0.6 -0.9 —
2 v | Fireplace
g 5 ‘ (wood) g.kg! E ~0.6 —
¢ § | Landscape
A 2 y refuse g.kgt ? 0.5—1.5 =
[ Agricultural
| wast g.kgt ? 0.56—-17 -

Notes : SO,-S emission factor for coal and oil is calculated for 19, sulfur content. For fuels
with different sulfur content a correction must be applied. It is supposed that 259, of the
sulfur content of coals remains in the ash.

In the case of vehicles the values give the emission by one average vehicle during 1 km.
For domestic animals the values indicate the emission from the excrement of one animal during

1 day.
The NH; oxidation term is based on European figures. However, its dependence on latitude

can be neglected (Bottger et al., 1978).

traffic frequency and animal husbandry, etc.) as well as emission factors me-
asured for different process (see T'able 11). We can calculate the wet deposition
by measuring the chemical composition of precipitation water. However, the
precision of such a calculation depends on the density of precipitation chem-
istry network used. On the other hand the measurement of the dry deposi-
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tion is not an easy task. For this purpose generally the so-called gradient
method is applied which consists of the observation of the concentraction of
the species studied as well as of the wind speed at two levels in surface air.
The wind observations are necessary to determine the coefficient of the tur-
bulent diffusion (K). In this way we calculate the dry deposition by assuming
that the flux of the substance in surface air (F') is equal to the dry deposition:
D= Il =—IG v (2)
Az

In equation (2) AC is the difference of the concentration at Az where z is the
altitude. By dividing the calue of Dy with the concentration a figure of veloc-
ity unit is obtained. It is termed the dry deposition velocity. Without going
into more details it is noted that this method is rather uncertain, since AC
is generally very small, and the sampling time is too long comparing to the
time scale of the turbulence. Further, D, values obtained are characteristic
only for the surface over which observations were carried out. Fortunately
the fraction of dry deposition in the total deposition decreases with increasing
distance from the sources (see later). For this reason over the oceans, giving
the majority of the Earth’s surface, the dry deposition of excess sulfur
(without sea-salt) is small compared to the wet deposition (Mészdros, 1982).
In the case of sulfur the major problem in this field is the estimation

of £, in equation (1), for which no acceptable direct information is available
in the litarature. Because of this reason it is usual to calculate this term
from equation (1) by substracting #, from the sum of Dy and Dy. It goes
without saying that the figure obtained varies as a function of deposition
terms in budget equation. In 7'able 111 some results calculated in this way

TABLE IIT
Production rate of biogenic sulfur compounds according to different authors
(Georgii, 1982)

Author Year Tg.yr—1
Eriksson 1960 267
Junge 1963 230
Robinson and

Robbins 1970 98
Kellogg et al. 1972 89
Friend 1973 106
Granat 1976 33
Hallberg 1976 37
Cullis and Hirschler 1976 97

Note: 1 Tg=1012 g

for sulfur are given as published by Georgii (1982). Considering that the
strength of anthropogenic emissions of su/fur is presently around 100 Tg.yr-1
(Cullis and Hisrchler, 1979), we can not decide whether the strength of natural
sources is three times more or three times less than that of man-made emissi-
ons. This discrepancy is mostly caused by the differences in deposition
estimates of different authors for territories where information is uncertain
or missing.

It is interesting that for natural, NON sources the values proposed are
in a better agreement, even some acceptable results calculated directly were
publiched (Ehhalt and Drummond, 1982; Logan, 1983). By using equation (1)
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Mészdros (1981) calculated indirectly a total natural emission of 18 Tg.yr?
(expressed in nitrogen equivalents), a value comparable to the enthropoge-
nic NO*N production. This indirect estimate is supported by the direct
results of Ehhalt and Drummond (1982) obtained by using emission factors
similar to those listed in 7T'able 1V.

TABLE 1V
Natural emission factors for NOx— N and NH,— N according to
Bottger et al. (1978), Georgii and Lenhard (1979), and
Logan (1983).

Emitter Unit 'NO,—-N NH,-N
Lightning pgm~-thr-t 20—40 -
Soil exhalation pgm—2hr-t  ~0.5 1-20
Wild forest fires g.kg—1 ~ 0.6 —

Note: The value for lightning is based on European figures (Bénis et al., 1978). For
further details see Béttger et al. (1978) who calculated the emission as a function of latitudes. In
the tropics NOyx— N production by lightning is about two times more than the value given.

NOx—N production by lightning can also be estimated by using the number of lightning
flashes. According to the most reliable estimate (Logan, 1983) one flash produces 102¢ molecules
of NO.

For ammonia the biogenic source strength is much higher than the value
for fossil fuel burning. The biogenic global emission is calculated to be bet-
ween 22—35 Tg N yr— (Béttger et al., 1978). This emission is due mainly to
animal husbandry and in a lesser extent to soil exhalation. Its value is based
on the number of domestic animals and on appropriate emission factors
given in Table 11 and IV. It is to be noted in this repect that Sdderlund
and Svensson (1976) estimated a figure of 2—6 Tg.yr* for the emission
owing to wild animals, which is about 10— 209, of the Bottger’s value. We
also have to mention that the results of these direct emission calculations are
confirmed by wet deposition data suggesting that the magnitude of the
emission is correct.

In the case of NH, the difficulty aries from the fact that an important
part of biogenic emissions is due to human activities, that is to animal
husbandry. The estimetion of the original natural emission for the time when
only wild animals existed seems to be nearly impossible.

3.V Continental and regional budgels

Many budget calculations have been done for a certain part of the
troposphere, mainly over industrialized continental regions. In these cases
authors generally neglect natural emissions. They assume that over the area
considered there is a box, and sulfur and nitrogen input and output are calcu-
lated for the air in the box. The calculations of this type differ from global
budget estimations since gains and losses by advection have to be taken into
account. The advection terms become more and more important with decre-
asing box size. Moreover for their direct calculation upper air concentration
and wind measurements are needed. For these reasons generally the diffe-
rence of input and output (44) is included into equation (1) and then 44
is calculated:

AA 4+ By=Dyq+ Dy (3)
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The value of 44 may be positive or negative depending on the sulfur and
nitrogen ‘“‘importation” and “‘exportation’ of the box. If 44 is negative the
emission is higher in the territory than the deposition. This means that there
is a net pollution export. Contrary to that a positive value indicates that the
import is more significant than the export.

Such budget calculations are very useful to estimate the overall pollution
of a certain continent or region and the long range transport of air pollutants.
Thus, it is proposed to calculate the sulfur and nitrogen budget for each
country where BAPMoN stations are operated. The anthropogenic emission
of sulfur and nitrogen can be calculated on the basis of statistical data for the
territory (quantitiy of fossil fuel used yearly, number of cars, average km .yr-!
for one car, etc.), and by using emission factors given in Table II. The
emissions calculated for S, NO,-N and NH,-N can be compared with the appro-
priate yearly wet deposition values determined from the amount and chemical
composition of precipitation. Tf SO,, NOy or NH, concentration measurements
are also carried out at the stations the dry drposition of these gaseous
compounds can also be calculated by multiplying concentration data (C)
with the dry deposition velocity (v):

DdZO’U (4)

A velocity value of 0.5 em.s* can be used in a first approximation for each
gaseous sulfur and nitrogen compound®). However, as it was mentioned, in
cleaner areas the dry deposition can be neglected. If in such a region the
wet deposition is higher than the anthropogenic emission, either there is a
net import from other areas or some natural sources are in operation. The
existance of transport can be evaluated by using meteorological considerations
and the distribution of anthropogenic sources, while the order of magnitude

of natural emissions in case of nitrogen compounds can be estimated by
using Table IV.

TABLE V
Results of regional and continental sulfur budget calculations (Mészaros, 1983)
Emission Deposition ~ Wet/Dry Emission
Area gm~-ty—1 gm-3yr—1 deposition
Dry Wet
Eastern Canada 0.54 0.16 0.39 2.4 1.0
Europe (as a whole) 2.4 0.95 1.1 1.2 1.2
North America 2.7 0.75 0.92 1.3 1.6
NW Europe 3.1 1.1 1.1 1.0 1.4
Eastern USA 6.7 1.6 1.2 0.75 2.4

Note : Deposition values for Eastern Canada are corrected to exclude the effect of sulfur
transported from other areas.

It is to be noted that wet deposition values are important even wtihout
calculating the budget. They make it possible to estimate the atmospheric
input of different materials into terrestrial or aquatic ecosystems. Such an
estimation is of interest particularly for sulfur and nitrogen compounds which

1) The dry deposition of aerosol particles is very uncertain and sometimes it can be
meglected.
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provide nutrients for plants and play and important role in the acidification
of soils and natural waters.

As an example the results of some continental and regional sulfur budget
calculations are given in 7'able V (Mészdros, 1983). As it was mentioned such cal-
culations are available for industrialized Europe and North America. The
values are recalculated for unit area to make calculations for areas of different
size comparable. The data tabulated show that with increasing emission the
dry deposition increases in line with the emission. This is caused by the fact
that dry deposition is considered to be directly proportional to the sulfur
dioxide concentration according to equation (3). However, a twelvefold in-
crease in emission causes only a three times increase in wet deposition. This
means that wet removal is much more complicated and it can be effective
only after some transport time necessary for SO, —~SOj;~ transformation. It fol-
lows from this fact that with increasing emission the sulfur export from the
territory studied (44 in equation (2)) becomes more and more essential. Finally,
data in Table V indicate that the ratio of wet to dry deposition is higher in
cleaner areas with smaller emission.

5. Conclusions

On the basis of the above discussion we can conclude that deposition
measurements are very important to determine the sink terms in budget
equations as well as to estimate or to control global emission values. On
regional and continental scales, deposition measurements make it possible to
calculate the budget of sulfur and nitrogen compounds in order to estimate
the overall air pollution. Further, dry and wet deposition observations of sulfur
and nitrogen are necessary to model the long-range transport and to provide
input data for estimating the effects of air pollution on different ecosys-
tems.

In spite of these facts very few deposition data are available for terri-
tories outside Europe and North America. This indicates that new background
air pollution stations are desirable in remote continental and oceanic areas
to improve the value of deposition figures. The calculation of sulfur and
nitrogen budget for region in other continents would also be necessary.

1tt follows from this situation that the Background Air Pollution Net-
work of WMO is of considerable importance. The data gained by this net-
work can be applied in future to solve global research problems in air chemis-
try. On the other hand these data make regional air pollution management
in a given country possible. Thus, the expansion and improvement of BAPMoN
are obviously needed.
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The monitoring of meteorological processes by operation of
DENSITRON system

NEUMEISTER, H. Meteorologischer Dienst der DDR, Albert Einstein Str. 42/46, 1500
Potsdam

Meteorolégiai folyamatok kivetése DENSITRON rendszer segitségével. 1982 juiniusa 6ta
a DENSITRON opto-elektronikus rendszert rendszeresen hasznaljak a DDR Meteorolégiai
Szolgilat4anal a szinoptikus rutin feladatok ellatédsakor. Az egész év soran az infravérds tar-
tomanyban normalizalt kiilonbség-képzéssel képeket készitenek a troposzferikus folyama-
tok kovetésére. A nyari félévben a nappali érakban kiilonb6z6 spektrélis savra vonatkozé
két kép sulyozott Osszeadasat is elvégzik a nagytérségii csapadékeloszlas és a radar jelek
csucsmagassaganak szimulalasa céljabdl. Ehhez referencia adatként radar és felszini meg-
figyelések sziikségesek. A tanulmdny megvizsgilja azt a kérdést, hogy a képanalizishez
milyen spektralis csatornik a legmegfelelébbek.

*

The monitoring of meteorological processes by operation of DENSITRON system. Since
June 1982 the opto-electronic DENSITRON system has been operated in the synoptic
routine work of the Meteorological Service of the GDR. Throughout the year difference
pictures (normalized subtraction) of the thermal infrared are produced for tracking tro-
pospheric processes. During the summer half-year in daylight hours, sum pictures of diffe-
rent channels (weighted addition of two pictures) can be produced to simulate the distri-
bution of precipitation and the top heights of “radar echoes’ over a rather large area. For
this purpose radar and surface observations are needed as reference data. Some ideas
are discussed as to the appropriate choice of spectral channels for image analysis.

*

Introduction. The Meteorological Service of the GDR has been receiving
operationally weather satellite pictures from polar-orbiting satellites since
1967, and from geostationary satellites since 1978. Two opto-electronic meth-
ods were developed in 1981 using pictures in analogue form received from the
satellites. Both methods are based on the concurrent utilization of two black-
and-white pictures of the same format, or at least of the same geographical
projection. The two methods allow a deeper insight into the weather processes
for analysis and forecasting (now-casting and short-range forecasting) than
can be gained by the interpretation methods of individual pictures. Both
methods can be refined by a digital processing system, still to be developed.
The selected two pictures are taken by special TV cameras (type RFA 4010).
After correcting the shading effect* (which is due to the character of the TV
pickup tube and to the irregular trans-illumination of the pictures on the light
table), the pictures are combined electronically. The new product is displayed
as a picture in pseudo-colours (up to 7 colours) on a modified colour TV

* Tt means in this case mainly a quasi-concentric decrease of light intensity from the
centre to the corners of the picture.
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screen. DENSITRON allows a combined, fast, flexible and interactive electro-
nic processing of the pictures. These pictures are switched over to a second
monitor in the forecaster’s room.

The two new methods of meteorological picture processing include the
production of:

— the difference of two pictures (multi-temporal combination of pictures,
normalized subtraction).

For this method, pictures are used that are of the same format and the
same spectral channel, but from different times. The appropriate time diffe-
rences lie between 2 and 24 hours, depending on the speed of the processes
going on in the atmosphere. On the average, 4 hours are preferred operatio-
nally as differences. Because of the analogue method, only pictures from the
geostationary satellites can be used. Owing to their availability around the
clock, hardly any other but thermal infrared pictures are applied, especially
in the 11 pm window region.

The signal intensities of the individual pictures are amplified to an equal
(“normalized”) level and controlled by an oscilloscope.

— the sum of two pictures (multispectral combination of pictures, weigh-
ted addition)

For this purpose pictures of the same format (or projection) and from
the same time, but from different spectral ohannels are needed. Pictures of
the following spectral channels are required to produce pictures simulating
the distribution of precipitation and the top heights of radar echoes:

(a) one spectral channel in the thermal infrared (window near 11 um)
(b) onespectral channel covering the visible and/or the near-infrared region.

According to experience hitherto, the optimal channel in the future should be
0.6 —1.0 um.

(From the NOAA satellites the interval between 0.7 and 1.0 um seems
to be more advantageous than those between 0.5 and 0.9 um.)

The signal intensities deduced from the pictures (a) and (b) are ampli-
fied to a ratio 3:4 (“‘weighted’’) and are controlled by an oscilloscope.

1. Consideration of the principles of the methods and examples of
picture processing

Both methods are based on the following consideration:

Difference pictures. Humidity, cloudiness and precipitation are meteorolo-
gical parameters which reflect in a unique way the entirety of the processes
going on in the troposphere. Visual comparisons alone are not sufficient to
obtain area-covering information about the changes or to assess the intensity
of the changes. Up to now animation pictures (loops) have been the only
method for an area-covering display of these processes. They allowed pre-
viously unknown insight into atmospheric dynamics. The transitory presen-
tation, however, has the disadvantage that one has to look at the loop very
often to form a nearly area-covering overview in the mind, instead of obtaining
i.e. not transitory product of the changes, for instance, in form of a picture.

In this sense, difference pictures give some necessary complementary infor-
mation and presentation of the atmospheric processes. That does not mean
that animation pictures are superfluous. They show merely another aspect
of atmospheric processes.

320



Difference pictures as well as sum pictures have been produced operatio-
nally in the Meteorological Service of the GDR since June 1982 for weather
diagnosis and prognosis. Before the introduction of the new method into rou-
tine work, tests were made to find out how useful difference pictures could
be in case of wrong forecasts. It was shown that difference pictures are excellent-
ly suitable to recognize trends at an early stage of development. In some
cases difference pictures demonstrate clear trends, when the prognostic charts
for 500 mbar do not show the new development. On the average, a combined
utilization of difference pictures, prognostic charts and prognostic trajectories
seems to give optimum results. The prognostic data are especially useful for a
correct extrapolation of the changes seen in the difference pictures.

In case of slow or quasi-stationary processes, time differences from 6 to
24 hours should be given preference. Time differences from 2 to 6 hours are
more useful, on the average and in case of rapid processes. The advantage of
short-range difference pictures is comparable with the benefit from charts of
surface pressure change, especially that for a 3-hour interval. In cloudless
regions the diurnal change of surface temperature and its effect on pictures
in the thermal infrared has to be taken into account. Additionally, special
attention should be given to be effects of isolated cirrus clouds in difference
pictures. Using difference pictures, the actual distribution of clouds should
always be kept in mind, because “no change” does not mean that there are
no clouds, or only low stratiform clouds. It simply means no change in the
state of the atmosphere in the region concerned within the time interval used
for the difference pictures.

Difference pictures allow to find out the intensification or weakening of
low-pressure areas, fronts and non-frontal cloudiness or cloud systems at a
very early stage of development. Even the strengthening or weakening of
contrasting weather conditions along a line or a zone can easily be detected.
The basis for such statements are mainly the extent and the intensity of areas
of cloud formation and cloud dissolution. As an example, at a moving front one
should compare the area of downstream cloud formation and of upstream
cloud dissolution.

Figure 1 shows large-scale areas of dissolution and/or subsidence of clouds
within a ridge of high pressure (enhanced increase of temperature from red to
blue and black) and large-scale areas of cloud formation and/or intensification
associated with fronts and low-pressure areas (enhanced decrease of tempera-
ture from white to violet and yellow). In difference pictures green colour de-
signates areas without or nearly without any changes in temperature. This
can be due to the fact that no change is observed in cloudiness and/or surface
temperature (Fig. 1 is found on the colour inset plate).

The picture presentesd here does not show any complex patterns of chan-
ges. It was selected to help understanding the method. Pictures of 2.11.79,
06.30 GMT and of 1.11.79, 19.00 GMT (Fig. 2) were used to produce the
difference picture presented in Fig. 1.

Swm pictures. Every spectral channel used to produce images for meteoro-
logical purposes has some advantages and disadvantages. On the one hand,
the spectral intervals of the thermal infrared window near 11 um show a
temperature dependence of upper cloud tops, which allows the height of
cloud tops to be estimated. On the other hand, the obscuring effect of cirrus
clouds in the thermal infrared complicates the decision on the probability of
precipitation and sunshine.
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In the visible and/or near-infrared region low clouds appear partially
nearly as bright as multi-layered or thick clouds. Isolated cirrus clouds and
less thick and broken clouds without precipitation appear less bright or
sometimes disappear almost completely, especially in the near-infrared.

The brightness of clouds in different pictures of the visible and/or near-
infrared region, taken at nearly equal sun elevation, depends primarily on the
content of liquid water and to a lesser degree also on the content of ice par-

T4 2 NOV 1979 630 IRz D2 JN D4

o

ok
Fig. 2: Black-and-white pictures of 2.11.1979, 06.30 GMT and of 1.11.1979, 19.00 GMT used
to produce the difference picture shown in Fig. 1.
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ticles (ice clouds are darker, especially at longer wavelengths). The brightness
also depends to some extent on the depth of clouds.

In contrast to this, the brightness of clouds in pictures of the window
region of the thermal infrared mainly depends on the height of the clouds and
to some extent on their depth. On the average, less radiation from the warmer
background penetrates the upper boundary of clouds in case they are thicker,
meaning that the emissivity of radiation from the upper boundary is higher.

The aim of the combination of pictures from different spectral channels
is to establish priorities of signal intensities reflecting the probability of the
distribution and the intensity of precipitation. In other words, the aim is to
establish priorities of signal intensities mainly according to the water content,
the depth and the height of clouds as a whole. Such combined pictures can be
produced by the second method. The simulation is male by an iteratively
interactive approximation process.

Before the addition of pictures is implemented, the mean maximum sig-
nal intensity of the thermal infrared picture and of the visible and/or near-
infrared picture is weighted at the ratio of 3 to 4, on the average. The precon-
ditions for this method are sun elevations =20—25°, differences of sun
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Fig. 3: Surface weather chart of 15.10.1981, 12.00 GMT, showing mainly the coherent areas

of rain. Hzplanation: (1) moderate rain, (2) slight rain, (3) drizzle, (4) rain before the time of
observation, (5) shower, (6) shower before the time of observation
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elevation <15° and a suitable brightness gradation, especially of the various
cloud types. The brightness of the Earth’s surface should be kept rather
low or dark. Additionally, sun glint effects at the cloud tops have to be
taken into account.

Practically, two versions of the second method are used:

Version 1: Simulation of the distribution of precipitation in an area of app-
roximately 1500 2500 km, using mainly surface observations as refe-
rence data.

Version 2: Simulation of the ditribution of precipitation over Central Europe
(1000 1500 km), using mainly radar observations as reference data.

For Version 1, METEOSAT formats D2 (IR) and C2D (VIS/nIR) are
used. According to the precipitation reference data, the areas of the following
colours are interactively chosen for these sum pictures:

violet — more or less coherent areas of rain (high probability)

white — isolated minor/major areas of rain (probability approximately
of 509, and less)

green — areas of rather thick clouds and/or a large cloud amount (mainly
without rain)

red — areas with thin clouds and/or a low cloud amount and cloudless
areas (mainly land areas)
blue — mainly cloudless oceanic areas

This method allows to find out the coherent areal distribution of rain
and especially to recognize rain areas over the ocean. Figure 3 shows hne
distribution of rain according to surface observations. In Fig. 4 the simulatito
area (to which the simulation applies) is limited by two solid black curves,
(Fig. 4 is found on the colour inset plate).

For Version 2 METEOSAT formats D2 (IR) and C3 (VIS/nIR) as well
as TIROS-N/NOAA pictures are used. After interactive adaptation of colour

T (1) B2ZZA(2) BB &4) v(s) Rr(6) ----(7)

Fig. 6: Radar facsimile charts taken at Berlin —Schénefeld airport of 15.7.1982, (a) 11.40, (b)
12.40 and (c) 13.40 GMT, used as reference for the production of simulated pictures (Fig. 5).
Note the development of the large cumulonimbus cloud cluster near 52 °N/09 °E detected by
radar 100 minutes later than by satellite picture simulation at 11.00 GMT, due to the limited
radar range. Exzplanation: (1) weak echoes, (2) moderate echoes, (3) strong echoes, (4) radar
station, (5) rain shower, (6) thunderstrom, (7) boundary of international block number; small
figure (underlined) = the echo top height in hundred meters, large figure = block number
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Fig. 1: False-colour difference (multi-temporal) picture in the thermal infared near 11 um on the

basis of pictures (Fig. 2) of 2. 11. 1979, 06.30 GMT and of 1. 11. 1979, 19.00 GMT (green — no

change; red, blue and black — increase of temperature; white violet and yelow — decrease of
temperature)

N2

- =N

Fig. 4: False-colour sum (multi-spectral) picture of the visible/near infraded region (0.4—1.1 um)

and of the thermal infared (11 um). METEOSAT pictures D2 and C2D of 15. 10. 1981, 12.30

GMT were used. The quasi coherent areas of rain are shown in violet colour, the areas with a rather
low probability of rain are white



——- 15.7. 1982, 11.00 GMT

. “'*\

Fig. 5: False-colour sum pictures (multi-spectral pictures) of the METEOSAT D2 — and C3 —

pictures of 15. 7. 1982, at 11 and 13 GMT using radar observations as reference data. The

simulated radar echo top heights correspond to the following colours: white < 8.5 km; violet
> 8,5 km; yelow > 10 km at 11.00 GMT and > 12 km at 13.00 GMT
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boundaries according to the radar reference data, the weighted sum pictures
are presented in the following colours:

yellow — selected highest top height of radar echoes

violet — selected medium top height of radar echoes

white — selected lowest top height of radar echoes

green, red and blue — as cefined in Version 1

The lowest available resolution of the simulated radar echoes is approxi-
mately =10 km for TIROS-N/NOAA images, and =15 km for METEOSAT
images.

The METEOSAT pictures available every 30 minutes provide a good
detection and tracting of hazardous convective cloud developments during
the summer half-yera in daylight hours.

Figure 5 shows such a development at an interval of 2 hours. For the
simulation of the precipitation distribution METEOSAT pictures were used
(formats D2 and C3 of the 15.7.82, 11.00 and 13.00 GMT). The radar facsimile
charts from Berlin-Schonefeld airport of 11.40, 12.40 and 13.40 GMT were
utilized as reference (Fig. 6). The pseudo-colours represent the following top
heights of radar echoes:

11.00 GMT: white <8.5 km, violet =8.5 km, yellow =10 km;
13.00 GMT: white <8.5 km, violet =8.5 km, yellow =12 km.

The development of the cluster (yellow patch) is noticeable at 51°N/08.5°E
at 11.00 GMT and at 53°N/09°E at 13.00 GMT. Within the larger and higher
echoes (‘“‘clusters’”) there was precipitation between 10 and 20 mm within
a few hours.

2. Conclusions

The DENSITRON image products can be considered a new tool in opera-
tional synoptic work. So far the equipment has been used operationally for
more than one year with a high degree of availability. The production of one
difference picture or one sum picture takes a few minutes only. One particular
advantage of the DENSITRON system is the interactive simulation of the
distribution of precipitation.

On account of the limited possibilities of intensity transformation and
multispectral combination of analogue pictures, the results cannot be of such
a quality and wide application as would be possible by digital processing. There-
fore, the methods described should be refined by digital processing. Refine-
ments that could be done are as follows:

— use of a very small portion of intensity counts for the surface data and
a large portion of intensity counts for clouds, especially, for the production
of difference pictures. This means a suitable intensity transformation for
the pictures used in each of both methods.

— use of additional colours or shades of colours for indicating the types of
change (especially the temperature changes in cloudless areas and of the
cloud level concerned)

— use of actual quantitative precipitation data for a precise statistical de-
duction of the distribution and intensity of precipitation.

— brightness corrections in the visible and/or near-infrared region (related
to a fixed sun elevation; scattering correction).
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To provide a simulation of precipitation around the clock, it seems to be
highly desirable to have available another spectral channel instead of the vi-
sible and/or near-infrared region. At the present state of affairs, the most
appropriate channel for the detection of precipitation should be selected in the
micro-wave region between 1 and 10 mm. It should be especially suitable for
suppressing the influence of the cold cirrus clouds in the thermal infrared
which do not contribute to the formation and intensity of precipitation.

Additional experiments were made with NOAA/HRPT pictures received
at the Observatory in Prague-Libus of the Czech Hydrometeorological Serv-
ice. Weighted difference pictures of the thermal infrared minus that of the vis-
ible and near-infrared channel were produced to simulate the pictures in the win-
dow region near 3.7 um. The combination has to be made as a difference
because of the inverse grey-scale characteristics in the channels used, which
means addition of intensities in case of combining original and really existing
radiation intensities rather than picture signal intensities. The rather high
weight of the thermal infrared channel is an indication for the relatively
small portion of reflected solar radiation originating from thick and high
clouds especially. That means low values of the albedo in the spectral region
near 3.7 um. Exact values of the albedo of well-defined cloud types in this
region are nearly unknown.

On the one hand, the experiments show that the pictures of this window
region without snow cover can quite well be simulated, especially the dark
areas with fog and low stratiform clouds. On the other hand, in the spectral
channel near 3.7 um there is at day-time a wide mixture of intensities stemming
from clouds and from the surface of the Earth. From this point of view, the
window region near 3.7 um contains at day-time information which is ambi-
guous and which can be obtained otherwise.

Difference pictures in the water vapour region near 6.5um from METEO-
SAT give interesting information about the humidity changes in cloudless
areas and, therefore, about advection processes and the superimposed verti-
cal motion. Differences from the cloudless regions can fill the gaps in difference
pictures of the thermal infrared near 11 um.

According to experience made in interpreting individual pictures and in
combining pictures by opto-electronic means in the Meteorological Service of
the GDR, the following priority of availability of pictures from different
spectral channels is highly desirable for the operational synoptic work of the
future:

. thermal infrared region near 11 uym
. one appropriate channel in the micro-wave region between 1 and 10 mm
. visible and/or near-infrared region between 0.6 and 1.0 um
. thermal infrared water vapour region between 20 and 23 um (representing
the middle troposphere)
. thermal infrared water vapour region near 6.5 um (representing the
upper troposphere)
6. window region near 3.7 um (for the determination of the distribution of
snow, for research work purposes, etc.)

The transmission of data from 5 or 6 channels for operational use (as
recommended above) should as early as possible be generally implemented
from both types of meteorological satellites, geostationary and polar-orbiting.
For this purpose a standardization of picture transmission from meteorological
satellites appears highly desirable.
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Influence of an acoustic wave on the aerosol collection efficiency
of a granular bed

TAVOSSI, H., RENOUX, A. MADELAINE, G. Laboratoire de Physique des Aérosols et de Transfert des

Contaminations Université, Paris XIl, UER de Sciences, Avenue du Général de Gaulle, 94010 — Créteil

Cédex, France; and BOULAUD, S.: Laboratoire de Physique de I’Atmosphére, SPT — STEP — CEN—FAR,
Bp no 6 92260 — Fontenay-aux-Roses, France

Akusztikus hullam hatdsa légtisztité berendezések felfogasi hatékonysdagdara. A taulmany
célja a kiilonbozé aeroszol felfogasi mechanizmusok elméleti tanulményozisa, valamint
adott frekvencidju akusztikus hullim hatésinak kideritése granuldlt rétegek (specidlis
légtisztité berendezések) esetén. Az 6sszegzett felfogasi hatékonysidgot a szerzé az egyes
individudlis mechanizmusok hatékonysigédnak Osszegeként hatérozza meg. Az egyes
hatékonysigok valtozasa a felfogd rendszer paramétereinek fiiggvénye. Az eredmények

a felfogdsi hatékonysig jelentésen megnovekszik azon részecskékre vonatkozolag is,
amelyek nagysiga a hatékonysig minimuma kézelében van. Elméletileg kimutathato,
hogy megfelels hulldm segitségével a minimum ki is kiiszobslhetd. Az eredmények légtisz-
titéd berendezések tervezésénél hasznosithaték.

*

Influence of an acoustic wave on the aerosol collection efficiency of a granular bed. The
aim of this paper is to study theoretically the different aerosol separation mechanisms, as
well as the effect of an acoustic wave on their efficiencies in case of a bed of spheres. The
global separation efficiency is calculated by combining the individual efficiency of each
mechanism. The variation of the individual efficiencies is determined as a function of
different system parameters. The results show that an acoustic wave of appropriate
frequency and amplitude can significantly increase the collection efficiency of a granular
bed even for aerosol particles with diameters in the size range where the efficiency is
minimum. It can be demonstrated theoretically that this minimum disappears by using an
appropriate acoustic wave.

e

Introduction. The study of purification of the air containing particulate
impurities (solid or liquid aerosol particles) by a granular bed has numerous
applications. We know that all types of filters have a minimum of collection
efficiency for aerosols with diameters between 0.1 ym and 2 pm. This mini-
mum of efficiency is a function of various parameters. The aerosol particles
in the size range mentioned can equally penetrate profoundly in the lung and
be deposited there. For this reason, when the air contains toxic or pollution
aerosol particles of these size, these so-called ,,maximum penetration aerosols”
should be removed.

In this paper, the effects of an acoustic wave on the collection of aerosois
by a bed of spheres is studied. The results of the present theoretical investi-
gation indicate that the aerosol collection efficiency of this device can be
increased, especially in the particle size range where the maximum filter pen-
etration occurs.

Actually, a granular bed has a number of advanges over traditional
filters of high efficiency. First of all, the pressure drop is low and the bed
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allows a high flow rate. It is resistant to high temperatures (1500 °C if it is
metallic, and higher if made of a ceramic material) and it resists corrosive
agents. Futhermore, when using a granular bed, there is no risk of residual
pollution by the material of the filter medium.

Since 1931 (Patterson and Cawood) it is known that acoustic waves can
accelerate the coagulation of fine aerosols of high concentrations (Mednikov,
1965) by increasing the collision frequency of the aerosol particles; thereby
the waves favour particle coagulation and subsequent particle sedimenta-
tion. However, at low aerosol concentrations acoustic coagulation is ineffective.

In this study, the increase of aerosol collection efficiency of a granular
bed by means of an acoustic wave has been investigate also for low aerosol
concentrations. It is demonstrated that the minimum in the collection effi-
ciency can be made to practically disappear in this way.

Symbols

A,, A, amplitude of acoustic oscillation of an aerosol and of the carrier gas molecules
B : dynamic mobility of the aerosol particles

¢: Millikan-Cummingham correction factor

Oy : velocity of the acoustic wave

D, Dy, Dy a, Dyo: diffusion coefficients

g : gravitational acceleration

k: wave vector, k = 2n/A

kg : Boltzmann’s constant

lg : mean free path of the carrier gas molecules

lo : internal scale of the acoustic turbulence

L : depth of the granular bed

mp : mass of particle

n, ny: aerosol concentration and its mean value in the carrier gas

Py, pg: pressure amplitude of the acoustic wave and its instantaneous value
@ps s : electric charges on an aerosol particle and on a spherical collector

Ry : radius of a spherical coliector

7p - radius of particle

Reg : Reynolds number relative to the spherical collector, Res =(2U,Rs) /v
7, 6 : polar coordinates

T, t: temperature, K, and time, s

Us, Uy, Us : mean flow velocity and its components

w; . velocity of internal turbulent pulsation

vp : particle velocity

Greek symbols

%aty %apy %se - coefficients of attenuation, absorption and scattering of granular bed
a.: factor of global collection efficiency

& porosity of granular bed

& : dielectric constant of spherical collector

4o : wavelength of acoustic wave in the air

Nrots Mui’ total collection efficiency and the efficiency of mechanism M;

ng, v: coefficients of dynamic and kinematic viscosity of the carrier gas

0p, 0g: density of an aerosol particle and of the carrier gas

7 : relaxation time of an aerosol

o - angular frequency of acoustic wave, o = 2xf.

1. Theoretical survey of the aerosol separation mechanisms for
spherical collectors of a granular bed

The aerosol particles are separated and removed from the carrier gas
by one or more separation mechanisms. These mechanisms transport the
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aerosol particles to the surface of the collector, where they are separated and
fixed.

In the absence of electrostatic forces, tha adhesion of a particle on a clean
surface is assured by molecular or van der Waals forces. Once fixed on the
surface of the collector, the particle is not normally detached, except at high
flow velocities (U,>10 m.s?'). For the sake of simplicity, we suppose
generally that the aerosol particle is solid, spherical and non-hygroscopic,
and that the temperature in the filter medium is constant and uniform, in
order to be able to neglect the convection ond other thermal effects. Our
reasoning here also holds true for an aerosol of fine droplets, under the con-
dition that the effects produced by evaporation and condensation near the
surface of the droplets and of the spherical collector are taken into account.
For a non-spherical particle of arbitrary shape one should use an equivalent
radius, and take into account the modification of the Stokes’ force by a cor-
rection factor.

2. Mechanisms of separation of an aerosol by a spherical collector.
Influence of an acoustic wave on the efficiencies

In the following we shall review the different aerosol separation mecha-
nisms in a spherical collector.

2.1. Inertial impaction

As a consequence of deformation of the stream lines of the carrier gas near
the surface of the spherical collector, the aerosol particles having a large mo-
mentum and high dynamic mobility (B) are deviated from the stream line
with an initial velocity V, and travel a stop-distance (S, =m,v,B) (see Fig. 1).
In this case the Brownian motion is neglected.

The efficiency of this mechanism (7py,,) is a function of the aerosol stop-
distance (S;) and the surface curvature of the collector 1/R; or of Stokes,
number
Sa _ 20,130,

Ry g Ry

The efficiency of inertial impaction is given by the following formula (see also
gl

St—

Drae & Stz
Nimp =

R (St+0.5)2

It becomes important for r,>2 um.

Fig. 1: Particle trajectory and critical radius (Davies and Petz, 1956)
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The presence of an acoustic wave creates a supplementary non-isokine-
tism in the carrier gas that favours inertial impaction. Moreover, the acoustic
wave causes an aerosol oscillation, which can lead to an increase in the impact
parameter and therefore in the inertial impaction efficiency (7rmy).

2.2. Interception

Interception is an effect of geometrical nature. It occurs when the aerosol
trajectory passes through the surface of a concentric ring contained between
the radii £ and Rs+r, for @ =90° and perpendicular to the flow direction.
In this case the interception efficiency is a function of Py=r,/Rg, which is the
ration of the particle radius to that of the collector. The efficiency will be:

P _[(Ra+rp)2—st]7TnoUo _2I’I+})I2
It = — (e
T BetmppaneUs (1+Py)?
if r,<Ry the efficiency is:

Nint= £

{Int (7PI+0.5—)
By taking into account the variation of the flow velocity near the surface
of the spherical collector as a function of the angle © (see Fig. 1), for a bed
of spheres of porosity e Gutfinger and Tardos (1979) have found that

Nme=1.5[g () ]2 Py
where g¢(e) is the flow correction factor.
The presence of an acoustic wave which produces the oscillation of the

aerosol particles increases the effective particle diameter and the value of P;.

In this case for a plane acoustic wave propogating perpendicular to the
flow direction of the carrier gas, we can write:

Ay
Ry

In general, for fine aerosols A4,=r,, so P’1=Pj, hence there is an increase in
the interception efficiency due to the presence of the acoustic wave.

2.3. Sedimentation

P’I—_—

Sedimentation depends on the flow direction relative to that of gravity.
The sedimentation efficiency is a function of @, a factor, which is:

_ Terminal velocity of the aerosol Ug

 Mean flow velocity of carrier gas ~Uo
where (see Table I):
Ug=m,.9.B=g.7.

TABLE I
Orders of magnitude of the aerosol terminal velocity
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2
Therefore, G=c 29%"% and Nsed=———
9 Ng Ug ik +G

(Gebhart et al , 1973; Lee, 1971).
The falling velocity of a particle after a time ¢ is given by:

Vo=Ug (1—(exp—1t/7)];

if t> 7, then we have V,=Uyg. For example, ¢ can be the period of an acoustic
wave propagating in vertical direction.

2.4. Diffusion

The radial flux of the aerosol particles towards the surface of a spherical
collector is given by Fick’s first law:

J=—D grad n

The rate of change of the aerosol concentration in the presence of an external
force and a linear convection of velocity V, is given by Fick’s second law:

Z%:-—div (nV)+D.An

2.4.1. Brownian diffusion

The collision of gas molecules with the aerosol particles results in a ran-
dom unbalanced force F(t) that causes the Brownian motion of the aerosol
particles. The mean square displacement in three dimensions is given by the
following equation (the numerical values are tabulated in Table 11):

TABLE II

Some data on aerosol diffusion according to Fuchs (1964). The second column gives
the mean square displacement of an aerosol particle in three dimensions after one second (t=1s)

7p pm (A )“'5y.m Iy pm Dp cm?.st Ts
0.001 2770 6.60 % 10-2 1.28 ¢ 10-2 1.33 <10
0.01 284 2.19 X102 1.35 X 104 1.40 < 10-8
0.1 37 1.12 X102 2.21 X 10 2.28 X107
0.3 17 1.33 X 10-2 4.98 %107 1.41 X 10-¢
1 8.6 2.06 X102 1.27 10~ 1.31 X 10-s

10 2.4 6.10 < 10-2 1.38¢10-# 1.23 X 10-2

Ar2= GDBt,

where Dy =c(kgT/6mngr).
From this Table we note that after =1 s, the Brownian motion becomes very
important for r,< 0,1 pm. In Table II, for comparison, we also give the apparent
mean free path of the aerosol particles (/).
2
Iy = a4 Dy 1:], where 7=2 Pol,
44 9 g

The Brownian motion increases the effective diameter of the fine aerosol par-
ticles in all directions, and so it favours their capture by the surfaces of the
collector.
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The efficiency of the collection due to Brownian diffusion 7y g is a
function of the Péclét number:

_2R, U,

ik
e 5

It can be calculated that T/D_B=4;Sﬁ, where Sk is the Sherwood number.
e

Tardos et al. (1978) have found for viscous flow that
Np,B1=3.98[g(e) ] P2/
and 7p pe=4.52 [g(g)]Pe %5 for potential flow.

2.4.2. The boundary layers

Near the surface of an obstacle in the carrier gas flow there are two
boundary layers (see Fig. 2):

Momentum boundary layer

Concentration boundary layer

Fig. 2 : Schematic diagram of the develop-
ment of momentum and concentration
boundary layers over a flat plate at high
values of the Péclét number (Hidy and
Brock, 1970)

8 &5 A £ ¢

SDY

e '"yf',"':f'{/f:/'/:".zf?f’”’;’.'Wa{/,&%i?"-é”r’.",'"“7'"'"” A s s

(i) The concentration boundary layer of thickness dp, in which the aerosol
concentration in the carrier gas varies from zero on the collector surface to the
mean concentration of aerosol in the carrier gas, n,. The diffusion flux of the
aerosol particles towards the surface is given by Fick’s first law.

(i) In the momentum boundary layer of thickness dy the flow velocity
varies from zero to U,. In this aerodynamic boundary layer a viscous friction
can be observed. The relation connecting these two boundary layers is given
by Hidy and Brock (1970):

v \Ys _1.4¢R;
Oy =~ (FB) 5D, and 5D90°—Pe'1 . ;
We have calculated 6y and dp in the case of minimum thickness, where
0=90°, for BRs=1 mm, r,=0.1 cm, U;=0.2 cm.s-- and ¢=0.385.
The following values have been obtained: dpg° and dype,°

2.5. Acoustic turbulent diffusion

The acoustic turbulence, induced in the carrier gas, is a function of the
amplitude of the acoustic vibration and of the acoustic Reynolds number
of the carrier gas (4, is the acoustic displacement amplitude, while 7 is the
acoustic intensity):

L Syl

4o Us=
w w

21

pgCy
Ug is the acoustic displacement velocity amplitude in the carrier gas. The

penetration of the vibration into the boundary layer is given by the following
formula (Mednikov, 1965):

0.5 ac
) and ZRe —_-gg—)‘"-
air 2.5 v
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0.5
m:fl
@ f
where f is the frequency of vibration. This can also be regarded as the penetra-
tion of the acoustic turbulence into the boundary layer around the spherical
collector.
For the total coefficient of diffusion we have Dgoi=Dg+Drymp-
If Dyyy> Dy (Mednikov, 1965), then Doy a2 Dipyyy,.
The radial flux of the aerosol particles towards the surface according to
Fick’s first law is:

on
J= —DTurb.A["]
r=RS

For a spherical collector, fixed across the carrier gas flow, the aerosol con-
centration gradient near the surface is given by

[31] =
0r ) r=gs Ry .

2.5.1. Calculation of the acoustic turbulent diffusion coefficient

This coefficient is given by Dy, a =, X I, for I, >, according to Mednikov
(1965), where %, is the step length for an aerosol particle oscillating in an
acoustic wave and

ol Ly

°= os gt |

0.8
We have taken I,=2 4,, therefore v,= T [19/4 f2a2 ] :
/’28 98 g
[ h
For ¢t>>= * we find:
Vi
1 3 1.6 0.75 £0.5 A2
Difoes A=Vt — o 700.25——0;,25 [I A

-8

In C.G.S. for the air we have Dyyp.a= 1.5><10""( b2y i Aﬁ]

2.5.2. Calculation of the collection efficiency of the acoustic turbulent diffusion

2
We have defined this efficiency as follows:np a4 = el .

2
s Uoe Uy

where J = — Drpgrp.a [—3n°— )

R
In C.G.S. for the air we find: .

1'86 10-2 10.75 0.5 A2
No.sa® % L » where Ap:"—ﬂ— :
ol U, R, (1 + w?z?) 0

Two cases are to be considered:
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(1) ot < 1, in this case, A2= A42= kl;( 21 )
w* \ pgCyg

175

Rs Uo fl.a g
0, 4 ! A
(#4) w7 > 1,in this case, 4, = — &
T

hence %ppurn.a =5.6 X107

1.76
hence 7ppypag = 5.6 X107 — -
Turb.A2 95 7':,.RSU0 fs.:';

2.6. Electrostatic effects

The electrostatic forces considered are the image forces and the Coulomb
forces. The efficiency of the effects due to these forces is a function of the
parameter Ky (Harriott and Saville, 1980), which is the ratio of the electrostatic
forces to the Stokes’ forces.

2.6.1. The image forces

(a) The electrostatic image force of a neutral spherical collector on a charg-
ed aerosol particle is as follows (Hidy and Brock, 1970):

2
F g BB
4mngrs U,
The efficiency of this mechanism for viscous flow is g p =~ 1.5K%% and for
potential flow 7y p =~ 2.39 K%%* (after Nielsen and Hill, 1976).
(b) The electrostatic image force of a charged collector on a neutral
aerosol is given by the following formulae:
fes 3 2 0.4
KE‘S i (4} (Es :!-)rp qs a:nd nE.sz [ERShir KE,S
(es+2) 3 B; ngUo
after Kramer and Johnstone (1955).

2.6.2. The Coulomb forces

These forces as well as the collection efficiency in this case are represented
by the following formula:

cl
KE.c= . QS‘ =
6 wngr, U L2

2.7. Mutual influence of contact points of spherical collectors

and 7gc=4.Kge -

Contact points between spherical collectors modify the separation mecha-
nisms considered previously. The two cases studied also by Fichman et al.
(1981) are:

(a) Around the contact points the boundary layers of the two spherical
collectors interpenetrate and there occurs a reduction in their free surfaces
resulting in the diminution of the aerosol flux towards the surface by diffu-
sion. In this case the modified diffusion collection efficiency for eight contact
points per sphere (Ng.=38) will be:

4 0p

ND.mod =D [1 = *RSJ ,
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For the orthorhombic packing of spheres we have on the average eight contact
points per sphere, which we suppose to be nearest to that of random packing
of spheres (Tavossi, 1982). It can be shown that e=0.395 for orthorhombic
packing, while £¢=0.385 for random packing.

(b) The region in the vicinity of the contact points can collect the aerosols
by the sieve mechanism. In this case, again for Ny .=8:

4

.
R: [1—'71‘01 ]

Aerosols attach themselves to the collector surface in the form of aggre-
gates, often as filaments, called dendrites. The formation of the dendrites
modifies the separation mechanisms and results in an increase in the pressure
drop. The rate of dendrite formation is a function of the angle © and the
curvature of the collector surface 1/R,; the smaller E,, the faster the for-
mation of dendrite.

Tmot = Mmoot +

2.8. Dendrite formation

2.9. Aerosol reentrainment

At high flow velocities (U,>10 m.s" for large captured aerosols their
reentrainment is possible by the carrier gas flow itself. In case of heavy aero-
sols, reentrainment is calused by their rebound on the collector surface. A very
intense acoustic wave can lead to disintegration of dendrites and to aerosol
reentrainment.

3. Flow characteristics in a bed of spheres

The efficiency of separation mechanism depends on the flow velocity
field in the vicinity of the spherical collector. In this case twe types of flow
exist as a function of the Reynolds number of the spherical collector:

Res—: ,2_1:38,0 $ -
v

(a) Viscous flow for Reg<10.

(b) Potential flow for Reg=>10.

Case (a): The aerodynamic boundary layer is relatively thick, and the
velocity field is highly asymmetric having a long trail.

Case (b): The aerodynamic boundary layer is relatively thin, and the ve-
locity field is almost symmetric having a short trail.

Hence for a potential flow the aerosol particles pass closer to the surface
of the spherical collector and the collection efficiency should therefore incre-
ase.

The thickness of this boundary layer has been found to vary as a function
of 1/Re2®. The flow field in a bed of spheres is determined from the velocity
potential y, which is calculated according to the chosen flow model. The
model also takes into account the influence of neighbouring spheres by a correc-
tion factor g(e), which is a function of porosity (¢). The radial and tengential
components of flow velocity are:

Ul'= — ___,1,7 a¢ and U0=__l,,, aE‘IJ
R=inf 50 Rsinf R
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RZT/RS
On the surface of the collector R=1.
According to Happel (1958), for a viscous flow p is given by

= — [z + BR+CR*+ KR* |sin20

where A4,B,C and K are the constants.
There are several other models, such as the two-zone model of Neale
and Nader (1974), the cylindrical model of Thau and Sirignano (1982), etc.

3.1. Flow in the presence of an acoustic wave

In the presence of an acoustic wave an oscillatory perturbation is added
to the static pressure (Pg;) and to the mean flow velocity (U,). The instanta-
neous pressure and flow velocity in the plane acoustic wave propagating
in a non-attenuating medium in the direction of the x axis is given by

Pex=Lst+ Pylexp—i(wt—Fk.z)]
ugx=Uo+ Ug [exp—i (wt —k.7)]
where: (Pg=p,0Uyg).
In aporous medium of attenuation coefficient o,y (Scott, 1946 ; Beeck mans

and Sen-Gupta, 1971; Delany and Bazley, 1970; Morse and Bolt, 1944), we
have:

ugx=Uo+ Ug{[exp — (xar.2)] X exp—i [(wt — k) + ¢},

where Uz=Aw= ( —2——I~ ON.

PgCg
The effect of an acoustic wave on the flow far from the surface of the collector
therefore depends on the acoustic intensity (7).

U+ 0}
2Rs f
represent the similarity criterion of flow in the presence of an acoustic wave.

Strouhal’s number, S = and the acoustic Reynolds number could

4. Pressure drop in a bed of spheres; effect of an acoustic wave

For a flow rate @, the dissipated power in the absence of turbulence is
given by:

P=APro.Q
where APTotzAPbed+APpipes+APacoustic.

This equation is valid in case of air forabed of spheres of porosity ¢ and
for Re,<0.1 (according to Sullivan and Hertel, 1940). The pressure drop in
the bed is given by:

_ 40.5ng (1—¢)2 UL
5 e3 R? )
On the other hand, for Rey =40 we have: AP, U, 8.

The effect of porosity variation near the walls of the granular bed on
APy, is taken into account (see Dolejs, 1978) replacing (1 —¢)2 with

APy,
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2
{1-g+2 Fys
9 Ry,
where Ry is the radius of the granular bed.
The supplementary pressure drop, generated by the presence of acoustic
wave in the case of U,>U, and U, parallel to U, has been determined by
Beeckmans and Sen-Gupta (1971) for a fibrous filter:

APy, o K.U?, therefore AP, x I.

9. COollection efficiency of a granular bed

The global collection efficiency of a granular bed for a monodisperse
aerosol (fixed r,) for a given flow rate and volume of carrier gas is defined by :

B N, total number of collected aerosols
G ==

N ~ total number of aerosols entering the bed '

This is a measure of the probability that an aerosol particle is collected during
its passage through the granular bed. The penetration of the bed is defined
by P=1—Hg.

We have calculed the global collection efficiency of a bed of spheres
(T'avossi, 1982) by assuming that each spherical collector collets the particles by
identical aerosol separation mechanisms. It has been also assumed that the
flow caracteristics are identical.

In this way, the following equation was obtained (see 7'avossi, 1982):

3 (1—e)
Bg=1—exp{— ——— ot - L}.
G p{ P Imot - L}
This expression enables us to calculate the global collection efficiency of the
bed from the total collection efficiency of one spherical collector. Our result is
in good agreement with those found by Guifinger and Tardos (1979) and
Gebhart et al. (1973).

U, = 24cm3’
Rs = 135um

Impaction

o=

Fig. 3 : Efficiency ofa single spheri -
c¢al collectior (Peters et al, 1082) 0& = rroirmr —Sr-rrrsrr sraese VAT e e S e o

0.001 0.01 2ep pm
It is well known that a minimum of collection efficiency exists for
aerosols of diameters between 0.1 um and 2 um, for all types of filters (Fig. 3).
On aerosol particles of this size range several separation mechanisms could
act, but these mechanisms are not sufficiently effective to collect the aerosols.

337



9.1. Combination of the collection efficiencies of different mechanisms

In theories elaborated for the determination of the total efficiency of a
spherical collector, the flow model, the separation mechanisms involved and
their interactions are taken into account in a different way. If one machanism
is much more important than the others, the total efficiency is controlled by
the efficiency of this mechanism.

When several separation mechanisms of comparable importance are pre-
sent, two cases are to be considered:

(1) If these mechanisms are non-interacting, that is to say, if they are
independent of one another, the collection efficiency is the sum of the indivi-
dual efficiency of each one of these acting mechanisms. This is in accordance
with the theories of probability of mutually exclusive events whose outcomes
are the same.

Mathematically speaking, if two such events are given, £, and K, we have
By (N Ey=® and Pr(f,UHs)=Pr(li,)+ Pr(,). Considering that the collec-
tion efficiency defined above is a measure of probability of aerosol collection,
for n such mechanisms My, M,..., M, we have:

NTot= 2, vy
gy

(2) In the opposite case, when these separation mechanisms interact, the
probability of outcome for two such arbitrary events, £, and B, (Eink, = ®),
or for two coexisting mechanisms, M, and M,, is given by

Nrot= My + MMy — (They X My )-

M, and M, could be, for example, diffusion and interception, or electrostatic
effect and sedimentation, etc.

5.2. Influence of different parameters on the collection efficiency of each separation
mechanism

In T'able 111, we have compared all the collection efficiencies; this has
allowed us to determine the sensitivity of the efficiency of each mechanism
as a function of different system parameters. We have also replaced U, by its
value in the pores U;= U,/e. From this Table we see that:

(a) The efficiency of nearly all the mechanisms varies as 1/U} (where n is
the exponent of U, in the Table); the exceptions are im,, (U3 and %y The
last term is independent of U,.

(b) The efficiency varies as a function of 7} for ¥imp, 71, sea and 7g.p, and

it is a function of A for all the others.
»
(c) All these collection efficiencies vary asl/Rng or are independent of R
with the exception of 1y, o B
In Table III, we have also given the variation of the index of merit of
the granular bed, defined as I'=olL/AP (Mercer, 1973; Schmidt et al., 1978),
by assuming that each mechanism acts separately. It can be seen that’
relative to 7y; the dependence of 1" on 1/U% incresaes, while its dependence on
R decreases.
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TABLE III.

Influence of different quantities on the efficiency of each separation mechanism
for a spherical collector (Tavossi, 1982.)

Ty, the efficiency of i : :”
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6. Effects of the acoustic waves on the aerosol in a granular bed

The effects of an acoustic wave on the aerosols, which appear to be di-
rectly relevant to aerosol separation in a granular bed, are: the forced aocustic
oscillation of the aerosol, the acoustic drift forces, and the acoustic turbulent
diffusion; since we have already studied the last effect, in the following the
other effects will be discussed.

6.1. Aerosol oscillation in an intense acoustic wave

The degree of aerosol participation in the oscillation of the carrier gas
molecules produced by an acoustic wave, is determined by the entrainment
factor (u,), which is defined as follows:

A |
0= e
Ay (14 w272)05
(i) When wr<l1, -0 and p,—1. In this case A,=4,.

=cos p and tan p=w7.

(ii) When wr>1, w»i; and p,—0, hence Ap:ﬁ-’ 0. In this case 4,=0.
wr

According to the results of Gucker and Doyle (1956) for r,<0.3 um we have
up=1 at frequencies f=20 kHz. On the other hand, according to Mednikov
(1965) (Fig. 4.) for r,=1 um u,=1 at f>1.5 kHz, and for »,=0.2 um u,=1 at
f<50 kHz.

Therefore, at a fixed intensity and for each particle of a given radius the
frequency of the acoustic wave has an upper limit. Up to that frequency the
degree of participation (u,) is equal to unity, and 4,=4,.

6.2. Aerosol drift under the action of an intense acoustic wave

During its oscillation in an acoustic wave, the aerosol particles having
a non-zero phase angle (y s 0) undergo a translational motion parallel to the
direction of propagation. This translational motion is caused by drift forces.

Mo Mg
1.0+ b

09-

o1 0.2 03 04 05 06 o8 1 2 3 4 5 6 8 10 20
rppm

Fig. 4: up,, degree of entrainment, and ug, degree of flow around aerosol particles in air at
different frequencies [p, =1 g.cm™] (Mednikov, 1965)
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These forces have all i} as a factor; this factor is the measure of the carrier gas
flow around the aerosol on oscillation in an acoustic wave. This factor is given
by the following equation:

VTR S e E T
g (1 + w2t2)0.5 w.

Therefore: pg?+ uy2=1.

(i) When wr<1 -0 and u,—~0. In this case the drift forces are zero, and
A=A

(i) When wz>>1 p—~/2, up—~0 and p,—1. In this case the drift forces and
drift velocities become maximal. According to Gucker and Doyle (1956), for
rp=<0.5 um pg—~1 at f>400 kHz, and from Fig. 4 (Mednikov, 1965) we see that
for r,<1 pm p,—~1 at f>50 kHz.

Consequently, for fine aerosols the drift forces and drift velocities become
significant only at high acoustic frequencies. We also notice that a travelling
acoustic wave produces more drift than a stationary acoustic wave. Under
normal conditions fine aerosols follow the same path as the stream lines of the
carrier gas molecules. However, in our case they could leave these lines by
oscillation, by the drift forces and by the acoustic turbulence diffusion. In
this way they can get closer to the collector surface, and can be deposited
there. This explains the importance of these acoustic effects, which could be
significant in case of aerosol particles of any size, including the size range
corresponding to the minimum in the total collection efficiency.

6.3. Attenuation, absorption and scattering of an acoustic wave by a granular bed

The attenuation of an acoustic wave after having travelled a distance z
through a medium of attenuation coefficient oy, is given by the following
equations:

I,=1, exp—2(otz¢.)

2I 0.6
Ux=Uy exp—(oat.%), where Upg=|——-

0¢C¢
In this case, the attenuation coefficient is given by ogi=oap +ose. We have
determined o, and o, for the bed of spheres of radius R, and porosity . In
the case of 4,> R, (where A, is the wavelengt of the acoustic wave) we have:

1 “10.5
Kap = b )[1 + stj cm~!

2y
and o, = 2 rz k* Ri(1—¢) cm™!

0.5
We note that %ab O({R and  agox(fe. Bsd).

S

Conclusion. The theoretical study presented in this paper makes it possible
to evaluate the parameters controlling the efficiency of different particle sepa-
ration mechanisms. By using the results of this study, the effects of an acoustic
wave on the collection efficiency and performance of a granular bed can be de-
termined. It is shown that the application of an acoustic wave of appropriate
intensity and frequency in a granular bed not only increases the efficiency
of the existing separation mechanisms, but also creates new effects which
further improve the overall collection efficiency. These new effects are due
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to the acoustic turbulent diffusion and oscillation, as well as to acoustic
drift forces.

It is to be emphasized that these acoustic effects can be important for
aerosol particles of all sizes. The conclusion can be drawn that an acoustic
wave can be iused to improve aerosol separation and to solve the problems
related to the existencce of maximum penetration through granular beds.
The ecperimental verification of these effects is now under way in our labo-
ratory.
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On the quality check of wind data

SOBISEK, B. Czech Hydrometeorological Institute, Holetkova 8 CS-151 29 Praha 5

Széladatok mindségi ellendrzésérdl. A szélirany magassagtol vald fliggése hasznélato-
széladatok mindségi ellendérzésére. A szerzd e fiiggdség tanulmanyozasara alkalmas mods
szert ismertet, amely a meteoroldgiai allomashélézatban mért szélirany adatok idésor-
analizisén alapul. A mdédszert a szerzé Csehszlovéakidban, tizenkét meteorolégiai allomé-
son 1976-ban mért szélirdny adatokra alkalmazva mutatja be. Eredményeit Gsszeveti
az elméletileg vart értékekkel, valamint kitér az eltérések lehetséges okaira is.

*

On the quality check of wind data. The dependence of wind direction on altitude is
applied for the quality check of wind data. A method enabling the study of this dependence
is described. The analysis of time series of wind direction data observed in a meteorological
station network is presented. This method has been applied for the wind direction data
measured at twelve meteorological stations in the CSSR in 1976. The results are compared
with the theoretically expected values, and the possible reasons accounting for the diffe-
rences are discussed.

*

Introduction. A prerequisite for computerized processing of meteorologi-
cal data is a computerized check of their quality. For many meteorological
elements the method of checking has been reported, e.g. Gandin, 1961 ; Gandin,
1964 ; Garifulin, 1971; Hrdd and Bdrtova, 1981. Up to now, however, little
attention has been paid to the wind direction field, in spite of the fact that
it is highly sensitive to local meteorological factors affecting many other
meteorological elements depending on the advection, e.g. temperature, air
humidity, evaporation and precipitation It may be asserted that a place
enabling correct wind measurements is, in principle, just as well suitable for
the representative measurement of most of the other meteorological elements.
The method presented in this paper is a contribution to the analysis of wind
direction data.

1. Definition and description of the method

Let us take a territory covered by a network of stations supplying us
with time series of wind direction data, measured in tens of angle degrees at
fixed observation terms. Let us suppose that the wind direction data measured
at the i-th station has the following structure:

Xi(8)=M(t)+ yi(t) = + w (1)

where M(t)is a random variable denoting the average wind direction valid
for the whole territory,
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yi(t) is a random variable, its mean value being equal to zero
u; is a constant, independent of time.
Let us define the following index for the two time series {X;}; and {X};:

1 n
Xy, == 2 A(X;, Xj)s (2)

N ¢
where (a) A(Xy, Xp)=10[X0)—X,@®)],  if |Xi(t)—X,(t)=18,
(b) A(X;, X;j)¢=10[X;(t)—X;(?), it | Xi() — X;(8)|>18
and [X;(¢) — X;(¢)]>0,
() A(X;, X;);=3860+10[ X;(t)— X;(¢)]of | X;(t)—X;(t) >18
and [X,(¢) — X,(£)] <.

If X;(¢) or X;(t) equals zero, or if both X;(#)=X;(t)=0, A4(X;, Xj); is
not calculated and the couple X;(¢), X;(¢) is then not included into the sum
of n. If n=0 occurs in all couples simultaneously, we define:

X1,5=0 (3)
The definition results in the following features of the index Xj;:
—180=X, ;=180. (4)

X, ;=0 if the wind direction data in the time series {Xl}t are on the
average shifted to the left as compared with the time series {X;};, and
X;, ;=0 if these data are shifted to the right,

X = —Xj, (5)
Xi’i:Xj,j:O. (6)

The index X ; gives information on the mutual relation of two time series.
To characterize conditions in the network of several stations by means of this
index, it is inevitable to make use of the averaged index X, giving information
on the relation of the time series of one station to the time series of several
other stations. If we denote m stations, covering a certain territory, by
letters i, j, k, ... m and the index X; ; simply by i, j, we may write the scheme
of calculations X as given in T'ahle 1. 3
The values of X are then calculated as the average of the indices X; ; in the
relevant columns of Table I. The meteorological meaning of these indices
can be explained as follows. First of all let us suppose that the inequality
| Xi(2) X,(t) =180 is valid for all couples of wind direction data from the
z—th and j—th stations. It can then be written in agreement with (1) and (2):

TABLE 1
Scheme of caleulations X
— ] 1,k siale m
7'37; . j,k e j,m
ki kg - X kesm
myi m,j m.k it —
X X Xy Xm
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Xy= "0 (M) + 11(0) + pu— M(8)—93(8) — . M
tl

From definition (1) it results then:

> 0= 0=0 (8)

Using these relations we obtain:
Xyy=(m—py).10 (9)

Index Xj; presents the difference of the systematic deviations of the
time series of the i-th and j-th stations from the regional value M(¢).

Let us eventually define the average wind direction M for the given terri-
tory and for 1=¢=n by the formula:

3 wo= . 3 30 o

m.n j=1 t=1

3\'—

as it is usual in case of averaged values of other meteorological elements.
Then we obtain:

e, i 1 (11)
M= L 12; t_Z [M(t)+yi(t) + ] = M+m 21 t
From relation (11) it follows:
n (12)
2 m=0
i=1
Returning to relations (2) and (9) we get:
m-1 10 ml (13)
= 2 10(p—py)=10p— —— 3 py.
=1 m—1 =1
J#1 Jj#1

m-1

The sum 3 p; tends the more to zero, the greater is m and the smaller
i=1
i=i

is p;. Therefore we can assert that X; tends the more to 10 u;, the greater is
the number of the time series used for the calculation of Xi, and the smaller
is the difference between the time series at the i—th station and the terri-
torial average wind direction M. Thus we shall suppose further X; to be equal
to 10y, i.e. to the average oriented dystematic deviation of the wind direc-
tion time series, acquired at the i-th station in the given time interval, from
the territorial average wind direction M.

In a similar way we could prove that the meteorological meaning of the

index X; in the case |X;(t) — Xj(¢)| >180 would be the same as that discussed
formerly.
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2. Application

By means of the described method we have calculated the indices X; for
twelve meteorological stations in the CSSR in individual months of 1976. We
have further calculated their annual averages S; and estimated the standard

deviations oj in series of twelve monthly values X;. The results are presented
in Tables Il and [I1. 1t has to be mentioned that all twelve stations are
equipped with well maintained anemographs and operated by trained per-
sonnel.

To explain the results, other circumstances should also be taken into
account. When computing S;, wind data acquired at places located at great
distances from each other in horizontal, as well as in vertical, directions were
compared. Such a procedure seems to be justified from the meteorological
viewpoint only if the trajectories of wind at the top of the boundary layer
over the given territory are parallel. This condition was hardly met in the
case of the stations used. Therefore, relatively great and variable values of
standard deviation have been obtained.

To start with, let us try to answer the question whether the deviations
of oy from their average value at the given territory are significant. To test
the hypothesis, we apply the Bartlett criterion (see Bdrtovda and Hrdd. 1980),

TABLE II
Indices X
Name of station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Cheb ‘ -2 12 -7 4 5 —12 4 —4 3 21 2 -2
Praha — Ruzyné [ 17 -3 B 225 16 7 1 4 7 o 284k
Ceské Budéjovice 200 12 - 27" 4l S 7 (a5 P T T R
Hradec Kralové ‘ 13 12 16 16 25 11 8 L 35 22 38
Snézka -29 —39 —14 —-11 —4 —-11 -3 —21 —29 —39 —33 —38
Pradéd f1—33. — 8216182 | =860 2818 4]} 3% —40—10. =88
Brno [ 7 3 4 8 -6 32 -5 53 8 9 4 28
Ostrava | 33 4 10 —-11 10 -6 -3 5 —13 -6 0 -7
Bratislava | 0i° 207 10 “UISE~—~10" ' T1 8 “F0F 10T V28Rt 1T a
Zilina | —2 7 —29 —13 —12 —26 —156 —4 —15 -2 12 13
Kosice ‘ 1y B 5 5 7 -7 -1 -9 3 -3 5

| —-42 —83 —21 —13 -3 —-12 -3 —23 —20 —32 —41 -51

Lomicky Stit i

TABLE III
Dependence of indices S; on altitude H;

: \ ‘ .

Name of station E Altitude \ S ‘ o I Sy , S;—8 I ,-‘S! :74‘.1
) B e ey e
1 | |

Cheb 474 | 2.0 4 8,00 | TR R | 0.24
Praha — Ruzyné 380 8.5 TelT | 5.8 2.7 0.38
Ceské Budgjovice P 4.8 ' 20.9 1.57
Hradec Kréalové 276 [ 21.3 | 13.50 TET 13.6 1.01
Snézka 1612 f —22.6 | 13.62 —16ig | —6.3 0.46
Pradéd 1490 ‘ —-29.2 J 9.16 -14.1 | —15.1 1.65
Brno 246 ‘ 8.1 ‘ 11.32 8.2 —-0.1 0.01
Ostrava 256 | 1.3 12.54 8.0 ‘ —6.7 0.53
Bratislava 138 ‘ 12.0 9.63 10.2 1.8 0.19
Zilina 315 —07 | 1712 7.0 ‘ —16.7 0.98
Kosice 232 | ‘6.1 [ 11.72 8.5 —2.4 0.21
Lomnicky Stit 2636 | —24.5 | 15.54 | —-34.7 | 10.2 | 0.88
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o’=adl=...0c%h=0% (14)

The calculated value of the test criterion B=10.46 being less than the
critical value of 7,(0.05)=19.68 shows that the hypothesis is in acceptable
agreement with the real conditions. We can, therefore, take the indices S,
Sy, ... Sy for the data describing the average conditions of X; at the given
territory and time interval.

Correlating the couples S; and H;, we get the equation of the linear
regression:

S= —0.017 96H +12.6262 (15)

and the correlation coefficient p = 0.7858. According to Bickel and Doksum (1977)
we may test the significance of the difference |p—0|. Then we come to the
conclusion that the value p=0.7588 is exceeded with a probability of
o=0.001 4. Thus the correlation of §; and H; can be considered significant.

The difference S;—S; can be explained as a shift angle of the wind
direction, measured at the i-th station, from the wind direction statistically
expected at altitude H;. This difference can be therefore used for finding or
testing the local factors affecting the wind shift angle at the given station.

Let us suppose that the difference |Si—S'i| >0.60;, being exceeded by

50%, of the monthly means X; (assuming their normal distribution), is unac-
ceptably great. In that case there are five stations (Ceské Budéjovice, Hradec
Kralové, Pradéd, Zilina, Lomnicky Stit) the S; indices of which are inadmis-
sibly far from the straight line (15).

3. Meteorological interpretation of the results

The linear dependence of the indices S; on altitude H; assumed above
and described by the regression straight line (15) has no direct meteorologi-
cal reason. Therefore, we had to apply another procedure of interpretation
of the results obtained, derived from the meteorological theory of the boundary
layer, i.e. from the solution of equations of motion of a turbulent atmosphere.

If we take into account the results published by Wentink (1982), proving
that wind data measured at mountain summits and in the free atmosphere
at the same altitude are comparable, we can anticipate all stations whose
data have been applied for the calculations indices S; to lie in the boundary
layer at the same vertical wind profile, constructed over the underlying
ground surface with a roughness corresponding to the mean conditions of the
territory, and at an altitude equal to the altitude of the lowest situated
station.

As it would be difficult to define the input data for computation of the
vertical wind profile approximating best the experimentally acquired data, an
inverse procedure was applied. The most convenient wind profile from the
set of theoretical profiles computed for different meteorological conditions in
the boundary layer was selected, and the agreement of the data resulting from
this profile with the observed values was evaluated.

The results of numerical calculations of the vertical profiles of the ho-
rizontal wind vector and turbulence coefficient in a quasi-stationary planetary
boundary layer including free or ground temperature inversion layers. publis-
hed by Mix (1982). afford a convenient basis for our purpose.

Our data may be well approximated by the Miz-procedure up to 900
meters height above ground surface, presuming that the constant vertica
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temperature gradient 97'/dz= —0.976 K/100 m and the horizontal tempera-
ture gradient 97'/9s,= 7T /0n,=0 (s, and n, are the natural horizontal coordi-
nates parallel and perpendicular, respectively, to the ground surface geostro-
phic wind vector). At heights over 900 meters the shift angles of wind direc-
tion observed are greater than the angles resulting from the theoretical pro-
file. Presuming that between 900 and 1,400 meters above the ground surface
the free inversion layer with

the gradient 07"/0z=+2.00 H(km)
K/100 m occurs, being inclined
against the surface wind vec-
tor with the ratio of 10-2 (i.e.
when it may be written
0H/0s,=10-3, 9H[0n,=0), the
initial theoretical wind direc-
tion profile bifurcates at higher
levels, thus the measured data
lie between the branches of this
profile. The values of tempera-
ture gradient applied in this
case do not seem to be in con-
tradiction with the parameters
expected in the real atmosphe-
re.

The results mentioned are
plotted in the Fig. 1. Curve (1)
is constructed by means of the
experimental data. The dashed
curve (2) presents the results
of the Mix procedure. This cur-
ve has been placed in the Fi-
gure so that the sum of diffe- ¢ Budej
rences between the relevant
measured and computed data
may be zero up to 1,000 me- Hradec Kral
ters height. The dotted line (3)
is the regression straight line
constructed on the base of all
data measured. The significan-
ce of the differences between
the measured and computed
data [between the relevant Fig. 1: Vertical wind profiles: (1) observed data,
points of curves (1) and (2)] has (2) theoretical profile, (3) regression straight line
been evaluated again by the
formula (S;—S;)/a;=0.6. According to this criterion we can find the data of
stations Ceské Budéjovice, Hradec Kralové, Zilina and Ostrava to be signi-
ficantly displaced from the theoretical curve. The first three stations have their
data significantly shifted from the regression straight line, too.

The differences between the measured and computed data can be mete-
orologically interpreted. Values lying to the left from the theoretical curve
(2) show an increased wind shift angle to the left at the station, in comparison
with the model conditions. This shift can be caused mainly by the intensifield
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influence of friction, e.g. at upwind stations. On the other hand, values lying
to the right from the curve show reduced friction influence, e.g. at downwind
stations. This interpretation assumes indeed that other influences on the wind
shift angle, e.g. temperature inversions, were the same at all stations during
the time period. considered.

Thus we can satisfactorily explain the shift angle at the valley station
Zilina surrounded by mountains of 500 to 1,000 m in height. Also the position
of the station Ostrava— Mognov, near the downwind border of the valley
Moravskd Bréana, has to result in a reduced influence of friction, especially
when the frequent northwest winds are blowing. We can also expect the
upwind effect of the mountain Novohradské vrchy at the station Ceské
Budéjovice when westerly winds occur. At the station Hradec Kralové does
not exist any reason for upwind effects. The systematical shift angle observed
at this station has to be explained by another cause, e.g. by the incorrectly
oriented wind vane during the period of the measurements, which seems to be
substantiated by the non-homogeneity in the time series of the coefficients

X (an unexpected change is obvious starting with September).

The data of the mountain stations Pradéd, Snézka and Lomnicky Stit
show the theoretically expected reduced or stopped wind direction shift angle
to the right above the boundary layer. The fact that the data of all three sta-
tions lie between the branches of curve (2) confirms the hypothesis that the
data of these mountain stations can be taken as elements of the same vertical
wind profile, corresponding to the data of stations situated at lower elevations.

3. Conclusions

1. The actual mean wind direction profile derived from the data of several
meteorological stations situated at some territory may be successfully app-
roximated by the theoretical profile computed on the basis of the meteorolo-
gically logical input data.

2. The method described, enabling the study of the dependence of wind
direction data on the station altitude, may be applied for checking the wind
data of a station network. This method is suitable enough to indicate syste-
maticinfluences, e.g. specific local influences atthe station, or wrongbly oriented
wind vane with respect to cardinal points.

3. The pure statistical procedure, interpreting deviations from the reg-
ression straight line, affords results comparable with those obtainable by the
procedure based on the meteorological theory of the boundary layer.

This method can be used for the study of the quality of a meteorological
stations network, as well as for the checking of observation data supplied by
these stations. In the author’s opinion, the routine application of this method
within regular data processing could result not only in improved data quality,
but it may also lead to appropriate measures improving the performance of
voluntary observers at meteorolocgial stations.
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LEGSZENNYEZODES ES METEOROLOGIA

Az Energiagazdalkodéasi Tudoményos Egye-
siilet Aerosol-szakosztalya a fenti témardl el6-
addi iilést rendezett 1983. szeptember 12-én a
Technika Hazaban. Az tilésen a hallgatéség so-
raiban egyebek kézott megtalalhaték voltak a
Kornyezetvédelmi Intézet, a KOJAL, az Or-
szagos Kornyezet- és Természetvédelmi Hiva-
tal és az Orszégos Meteorolégiai Szolgilat kép-
visel6i. A légszennyezédés meteoroldgial vonat-
kozisaival a magyar meteorolégusok az 1960-
as évek ota foglalkoznak és kivilé eredmé-
nyeket értek el. Az elSaddi iilés a kérnyezet-
védelem és meteorolégia kapesolatdnak egy 1j
aspektusat mutatta be.

Déndth Bélanak, a szakosztily vezetéjének
megnyité szavai utdn hiarom el6adas hangzott
el. Fejesné Sandor Valéria: ,,A meteorolégiai
elérejelzés bekapesolédasa a kérnyezetvédelem
feladataiba’, Rujdk Ldszlé: ,,A domborzat
szerepe a szmog el6idézésében’, végiil Szalma
Janos osztélyvezet6: ,,A kérnyezetvédelem és
a meteorolégiai elbrejelzés szerepe a veszélyes
szmog-helyzetek megel6zésében’ cimmel tar-
tott igen érdekes el6adast. Mindharom el6add
a Feribegyi Repiil6téren miik6d6 Repiilésme-
teorolégiai Osztaly dolgozébja.

Korunk sok égetd problémaja kozil az egyik
éppen a levegé tisztasigdinak megérzése az
ipari, kézlekedési szennyez6déstdl. A mérgezd
fiistkodtél eredd els6 témeges panaszok, s6t
halalesetek szerencsére nem hazdnkban fordul-
tek el6, de ezek minden ipari orszdg szimdra
komoly figyelmeztetést jelentettek. Ma mér
nemzetkozileg megallapitott és elfogadott nor-
méak szerint itélik meg, hogy mennyi a levegé
kén-dioxid tartalménak az emberi egészségre

még nem veszélyes maximuma. Nagyobb vé-
rosokban, igy pl. Budapesten folyamatosan mé-
rik az egyes szennyezd anyagok koncentracio-
jat aleveg6ben. A kén-dioxidnak pl. hatarozott
évi, napi, s6t bizonyos mértékig heti mene te is
van.

A légszennyezbdés koncentrécidjanak ala-
kulasat befolydsolja a viros kérnyezetében 1év6
domborzat és az id6jardsi helyzet. Budapest
belvéirosa pl. mélyebben fekszik, mint a pesti
oldal kiilkeriilete, mésrészt nyugat fel6l a budai
hegyek veszik koériil a varost. Ez a koriilmény,
kiillonosen talajkozeli inverzié esetén, akadé-
lyozza a vérosi levegé kicserélédését és a szeny-
nyez8dés higuldsat. A légszennyezbdés jelentds
koncentralédasihoz vezet a tartés anticiklondlis
helyzet, felhiguldsihoz pedig az erds szél ki-
séretében érkez6 hidegfront. A meteorologus
felada.a ezért a varosi szmog kialakuldsa, ill.
megsziinése szempontjabdl fontos id6jardsi
helyzetek el6rejelzése, sziikség esetén a figyel-
meztetés vagy riasztds.

Az érdekes tényeket bemutaté és gondolat-
ébreszté elbadasokat élénk vita kovette, szé-
mos hozzészélis és megjegyzés egészitette ki.
A hozzdszélék kozott szerepelte Dénath Béla
szakosztalyvezetd és Gajzagé Ldszlé, mindket-
ten az Orszdgos Kérnyezet- és Természetvé-
delmi Hivatal munkatérsai, Tdtray Ildiké,
Koppany Gyorgy és masok. Az eléaddn iilés, va-
lamint az azt kévetd vita sorén vildgosan meg-
mutatkozott a téma irdnti megkiilénboztetett
érdeklédés, toviabba az az igény, hogy a na-
gyobb véarosok levegdjének megévisa érdeké-
ben hatékony intézkedésekre van sziikség.

Koppany Gy.
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Relative brightness as a new parameter to characterize radiative
properties of cloudiness in satellite pictures

RIMOCZI-PAAL, A. Institute for Atmospheric Physics H-1675 Budapest, P.O.B. 39.

*

A relativ fényesség mint 1j paraméter bevezetése a felhézet sugdrzdsi viszonyainalk jellem-
zésére mitholdképek alapjan. A sugirzisi folyamatok leirdsdhoz a mtiholdképekben lathaté
felhézet objektiv jellemzése elkeriilhetetleniil sziikséges. A felhézetet jellemzd paraméternek
fiiggetlennek kell lennie a megvilagitasi és a vételi koriilményektél, a vevs és rogzitd be-
rendezés allapotatol. A jelen dolgozatban ismertetett relativ fényesség megfelelének latszik
erre a célra, tovabbd ez a paraméter szoros linedris kapesolatot mutat a felszinre érkezd
relativ globalsugarzissal.

*

Relative brightness as a new parameter to characterize radiative properties of cloudiness
i stellite pictures. To characterize some radiative properties of the cloudiness observed in
satellite pictures an objective parameter is required. This parameter should be indepen-
dent of the conditions of illumination, of radio reception, and of the state of the receiving
and recording equipment. The relative brightness. described in this paper, seems to serve
this purpose. This parameter has a good linear relationship with the surface relative global
radiation.

*

Introduction. Data from satellites are very important and useful in every
sphere of meteorology. Digitalized images are practical, but there are only a
few meteorological stations at which they are available; however, analogue
paper pictures are available almost everywhere in the world. Thus our purpose
was to elaborate a method for the application of analogue paper pictures to
study the relation between the cloudiness and the surface global radiation.
The characterization of the cloud coverage in an objective manner, using sa-
tellite pictures, is very important to study the influence of cloudiness on the
radiation conditions. Estimations of the amount of cloud, measured in tenths,
as determined visually are subjective, and do not contain any information
about the radiation properties of the clouds over their extent. Thus we
attempted to find a new objective parameter to characterize the cloudiness
using analogue pictures, taking into account the radiation conditions. It has
been established that the relative brightness of the investigated region can
serve this purpose.

1. Review of previous work

Early research on the use of satellites to measure solar energy was
conducted by Fritz et al. (1964). Data from the Nimbus 2 satellite were used
by Hanson et al. (1967) to obtain a monthly average of surface irradiance
for June 1966. Hanson’s method was derived by considering the partition of
the incident solar energy into components reflected to space, absorbed by
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the atmosphere and absorbed by the surface. The possibility of determining
the insolation at the surface from satellite data has been demonstrated by
Vonder Haar and Kllis (1978). The previous work did not include determi-
nation of the diurnal changes in cloud coverage using polar orbiting satellites.

Tarpley (1979) found a standard error of 109, in the satellite-derived daily
insolation, using data from a geostationary satellite and comparing them
with pyranometer measurements. In the method of Tarpley, the measured
cloud brightness was derived from a normalized surface brightness to reduce
the calibration errors and to compensate for albedo differences from area
to area. A good, nearly linear velationship was obtained by Schmetz and
Raschke (1978) over the Flandenground area between the global radiation
normalized with its values for cloudfree skies and the effective cloudiness obta-
ined from sky-photos.

Raschke and Preuss (1979) applied a satellite-devived effective fractional
cloud cover using planetary albedo values to calculate the downward solar
flux. A method was presented by Hiser anc Senn (1980) for the use of cloud
images from a geostationary satellite to perform mesoscale mapping of the
available solar energy. Preuss and Geleyn (1980) derived surface albedos from
satellite-derived albedos, using empirical formulae and model calculations.
Gautier et al. (1980) used a physical approach to estimate the incident solar
radiation at the surface from GOES satellite brightness measurements; the
method was based on energy conservation within an earth-atmosphere column.
Cloud albedo and absorption were derived from brightness measurements on the
assumption that they are linearly related to the brightness.

2. The method

2.1. Definition of the relative brightness. The brightness measured direc-
tly on a satellite analogue paper picture is not suitable to characterize the
cloudiness, because this measured brightness is a complicated function of the
dimension of the clouds, the albedo of the clouds and of the surface, the con-
ditions of illumination of the exporsue and developing of the picture. In
our method the cloudiness is characterized by the relative brightness. The
real relative brightness is defined in the following manner:

F —min,

B,= %10 (1)

max,—min,
where F' is the reflected solar radiation flux from the investigated area,
min, is the reflected flux from a cloudless uniform area in the same loca-
lity,
max, is the reflected flux from a cloudy area with very high albedo, in
the same locality.

This relative brightness is suitable to characterize the cloudiness because
of its independence from the illumination conditions, the surface albedo and
the equipment. First the relative brightness values measured on the pictures
were determined; afterwards these values were transformed into the real
ones.

In every METEOSAT visual picture two reference areas were chosen:
one cloudless plain and one cloudy area with very high albedo.

From every picture the measured relative brightness was determined
using these reference areas:
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B, = - f=fmin X 10 (2)
f ma.x_f min
where fis the measured brightness of the investigated area,
fmin 18 the measured greyness of the cloudless reference area in the same
picture,
fmax is the measured brightness of the cloudy reference area in the same
picture.
The brightness was measured by a colormeter calibrated before every
measurement. The reference areas were selected visually in every picture.

701 Brightness
60
50+
40
304

204

Fig. 1: Test curves for the
METEOSAT images. Full lines
show the measured test curves
and dotted lines indicate the
. ’ 2 ¥ . curves by which the test curves
¢} 48 96 144 192 240 were approximated

The measured relative brightness B, can differ significantly from the
real relative brightness because of the differences in the test curves, in the
illumination and in the geographical positions of the reference areas. Our
purpose was to determine the real relative brightness B, from the measured
one B,.

2.2. Transformation of the measured relative brightness into real values. To
explain the transformation process, first of allwe have to look at some test curves
of the METEOSAT pictures. In Fig. 1 the full lines show the test curves,
and the dotted lines indicate the curves by which the test curves were approxi-
mated in our method. In Fig. 1 we can see that test curves start as a cons-
tant horizontal line because of the photographic technique. To determine the
real value of the relative brightness, the value of & shown in Fig. 1 and the
slope angle of the middle linear line must be determined, and it is necessary
to know the values of the two reference areas on the scale 0-255. However,
the values of the two reference areas are usually not known on this scale,
hence another scale was used: the product of the albedo of the Earth—-atmos-
phere system and the sine of the solar elevation. This product is proportional
to the reflected fluxes. The solar elevation can be readily calculated. The
albedo of the Earth—atmosphere system was estimated in the following
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manner. The surface albedo in the cloudless reference area was determined
by a formula of Takdcs (1978), using the actual solar elevation.

The system albedo was calculated from the surface albedo using a formula
of Preuss and Geleyn (1980). The albedo of the cloudy reference area was
determined as suggested by Kondratyev (1969), and an extinction of 3%,
was assumed for the atmosphere. The daily variations of the surface albedo
due to the vegetation were not taken into account. This fact may cause an
error of 2-3%, in the value of the product. To find the actual test curve in
the new coordinate system. we have to determine the value of @ and the slope
of the middle linear line. The slope can be considered constant in the basis of
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Fig. 2: Geographic positions of the radiation M AN
stations and the region investigated L

the test curves. Its value was determined from 9 different images where
both reference areas were situated on the middle linear line, and a value of
1,76 was obtained. The value of @ was calculated by iteration, comparing
the calculated brightness values of the two reference areas with the measured
ones. First the value of ¢ was increased from 0 to the values of the cloudless
reference area, and the slope angle

tan B = — fmin=fo_ (3)

B i Sin hpin®
(where R, is the system albedo of the cloudless reference area, and f, is
the measured brightness of space) was compared to 1,76. If the difference
was less than 0,3, this value of ¢ was accepted. If a suitable value had not
been found within this interval and if the cloudy reference area had been situ-
ated in the middle linear interval, then the value of ¢ was decreased from 60
to the value of the cloudless reference area, until the calculated value of the
brightness was larger than the measured one. If the cloudy reference area had
not been situated in this linear interval, then the value of the cloudless
reference area was accepted as the value of @. In this manner the actual test
curve was found for every image using the reference areas; thus we can calcu-
late a value of the investigated region that is proportionate to the reflected
flux.

To eliminate the differences between the geographic positions of the
investigated region and the reference areas, the values of the product of
the system albedo and the sine of the solar elevation were converted to the
geographic position of the investigated region. Thus the real value of the rela-
tive brightness can be calculated using Equation 1.
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3. Application of the method

The values of the relative brightness were measured and transformed
into real values from METEOSAT visual analogue paper pictures in the
period between November of 1981 and May of 1982. The pictures were used
on those days when we had more 3 than pictures during the day, representing the
diurnal variations of cloudiness well enough. Daily averages were calculated
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© 1 2 3 4 s & 7 8 g9 10 Fig.3:Relative global radiation as a function
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Fig. 4: Relative global radiation as a function
5 of the real relative brightness
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and compared with the relative global radiation. The daily average values
of the relative global radiation were plotted as a function of the daily averege
of the relative brightness. The relative global radiation was calculated from
the daily amount of the global radiation by division by the incoming solar
radiation at the top of the atmosphere. The region of the Hungarian Plain
was studied. The average values of the global radiation were determined from
the measurements of the radiation stations situated in this area. Their geog-
raphic positions are illustrated in Fig. 2, where the circle shows the area the
greyness of which was measured by the colormeter in every picture. Figure 3
shows the relative global radiation as a function of the measured relative
brightness B,. In Fig. 4 the relative global radiation is illustrated as function
of the real relative brightness B,. The transformation of the measured values
into real values was performed using the method described in Section 2.2.
Comparing Figs. 3 and 4 it seems that the influence of the differences in illu-
mination and in the surface albedos was eliminated. Figure 4 shows that there
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is a good linear relationship between the relative brightness and the relative
global radiation. The correlation coefficient was 0,943, and the relationship
has no seasonal variation. These results indicate that the real relative bright-
ness is suitable to characterize the radiation conditions of clouds.

4. Conclusion

Objective characterization of the cloudiness in satellite pictures is very
important to investigate the influence of the clouds on the radiation processes.
In this work a parameter was found that is suitable to characterize the cloudi-
ness; this parameter is the relative brightness. The relative brightness can be
determined by measuring the greyness of the investigated region and two refe-
rence areas, and the blackness of space; by a transformation, the measured
values can be readily converted into the real ones. The relative brightness
determined by this method is not influenced by the different illumination
conditions, geographical positions, of surface albedos; neither by the diffe-
rent. conditions of receiving and developing the satellite pictures.
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Magaslégkori megfigyelések és az adatfeldolgozasautomatizdlasa

LEVAI ISTVAN—SZUDAR BELA, Kézponti Meteoroldgiai Intézet Aeroldgiai
Obszervatériuma, 6701 Szeged, Pf. 522.

Automation of upper air observations and data processing. This is an interim account
of the works started in 1978 in the Aeroolgical Observatory at Szeged to automate the
upper-air  observations. Connection with a desk-top computer of the radar used for
tracking the radiosondes and re ceiving ther signals and a totally automated data pro-
cessing system are aimed. Realization of these aims results in a lot of advantages such as
saving time and manpower, increasing accuracy, filtering out the subjective orrors una-
voidable in manual systems and in addition it makes possible better servicing the users.
In order to connect the radar with the computer a digital output interface has been
developed. Though not having yet the necessary computer, programming has been made
and tested on a computer similar to that under purchase. Preliminary results of the tests
are promising and tere seems no doubts the system will meet the requirements, when
implemented.

=V

Magaslégkori megfigyelések és az adatfeldolgozds automatizaldsa. A dolgozat tomdoren Gssze-
foglalja a Szegeden 1978-ban elkezd6dott magaslégkori méréseket automatizalé munka
jelenlegi allasat. Ennek célja a lokator és egy asztali szamitégép osszekapesolasa, az adat-
kiértékelés automatizélasa. Megvaldsitdsa szdmos pozitivammal jar: idétakarékossig, pon-
tossag novekedése, szubjetkivitas kisziirése, munkaerd felszabadulédsa, a felhasznal6k t6bb-
rétl kiszolgalasa. Kifejlesztették a lokator digitélis kimeneteit a szamitégéppel térténd 6sz-
szakapcsolds céljabdl. A szamitégépes programot — sajat gép hijdn — a tervezetthez
hasonléan szdmitégépen kisérletezték ki. A kisérleti eredmények kedvezéek, minden re-
mény megvan arra, hogy a targyi feltételek teljesiilése esetén a rendszer beviltsa a hozza-
flizétt reményeket.

*

Bevezetés. A meteorolégiai megfigyel rendszerek fejlesztésénél nem hagy-
hatjuk figyelmen kiviil a technika legajabb eredményeit. A megfigyelések
automatizalasara irdnyul6 vildgszerte tapasztalt eréfeszitések a technikai fej-
lettségtdl fiiggBen oltenek forméat a magaslégkori megfigyelések teriiletén. A
fejlett elektronikai iparral rendelkez$ orszagok az aerologiai megfigyeléseik-
hez olyan berendezéseket hasznédlnak, amelyek emberi kéz beavatkozasa nélkiil
végrehajtjak a méréseket és mérési adaikat a kozvetlen felhasznalas céljaira
alkalmas forméaban szolgaltatjak. A korszer(i elektronikai eszk6zok hazai elter-
jedésével nalunk is megértek a feltételek az aerolégiai megfigyelések automa-
tizdlasdhoz. Az altalunk haszndalt Meteorit-RKZ megfigyel6 rendszert (Lévai
et al., 1980) egy megfelel§ szamitégéppel oOsszekapesolva kivanjuk megvalé-
sitani az aerologiai megfigyelések és az adatkiértékelés automatizalasat.

A Kozponti Meteorolégiai Intézet Szegedi Aerologiai Obszervatériuma-
ban 1978-ban hozzdkezdtiink a radiészondat kovets és ennek adatait rogzito
Meteorit-2 lokator (Radiolokacionnaja meteorologicseszkaja sztancija Meteo-
rit-2, 1975) digitdlis kimeneteinek Kkifejlesztéséhez és 1981-re elGkészitettiik
egy asztali szamitégéppel valé osszekapesolashoz. Tovabbé a kiszemelt kate-
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géridja és tipust szamitégéphez hasonlé gépen (Wang 2200 C) a kiértékels
program legfontosabb részeit kiprobaltuk. Kissé részletesebben, a teljesség igé-
nyének mellézésével az alabbiakban adunk hirt a végzett munkarél és az
elért eredményekrol.

1. A lokdtor-szamilogép kapcsolat lehetiségének kialakitdsa

A Meteorit-2 lokator eredeti forméjaban nem alkalmas egyelére arra,
hogy szamitogéppel on-line kapcsolatba lépjen. A lokator-szamitégép kapesolat
akadélya tulajdonképpen az, hogy a lokétornak nincsenek olyan kimenetei,
amelyekrél egy ma haszndlatos asztali szamitégép adatokat nyerhet. Ez a hat-
rany abbdl ered, hogy a Meteorit-2 lokadtor konstrudlisa idején még fel sem
meriilhetett annak a lehetGsége, hogy egy mikro-komputer és a lokdtor on-line
rendszert alkosson. Ahhoz tehat, hogy ez a rendszer létrejohessen, két 6 fel-
adatot kellett mindenekel6tt megoldanunk. Az egyik: a lokdtoron ki kellett
alakitani azokat a digitdlis kimeneteket, amelyek a feldolgozandé adatokat
szolgdltatjik a szamitégépnek, a masik : meg kellett tervezni és ki kellett pré-
béalni azt a szamitégép programot, amellyel az adatfeldolgozis végrehajthaté
(Lévai, 1980). A lokator feldl egy radidészondds mérés alatt a kovetkezd adatok
érkeznek: a mérés kezdetétsl eltelt idd, a radidészonda helyének hdrom koor-
nataja (magassdgi szog, oldalszog, ferde tdvolsdg ), valamint a levegd két fizikai
jellemzéje, a homérséklet és a relativ nedvesséyg. Ezek az adatok a lokator 4tala-
kitdsat kovetGen 80 bit hosszlsagi adatsort jelentenek, amely kb. 5 médsod-
percenként ismétlédik.

A lokéator atalakitasakor iigyeltiink arra, hogy a berendezés mfiszaki-
technikai paraméterei semmi esetre se romoljanak. A digitdlis adatkimenetek
létrehozasaval egyidejtileg a kimens adatok digitdlis megjelenitését is megol-
dottuk, ezzel egyszerlibbé vilt az adatok vizudlis ellendrzése és valamelyest
csokkent a lokator energia-fogyasztasa is. A lokator atalakitdsa soran fel-
hasznalt anyagok, az analég és digitdlis integralt aramkorokkel felépitett egy-
ségek megbizhatova teszik az iizemelést. Az atalakitds befejezésével egyidében
megjelent a hazai piacon az dltalunk megfelel6nek itélt szamitégép (HT 680X),
amellyel az adatkiértékelés megvaldsithaté. A tervezett lokator szamitégép kap-
csolat egyszeriisitett vézlatat az 1. dbrdn mutatjuk be.

2. A gépi program rovid ismertetése
Mivel a program kifejlesztése sordn nem volt lehetGségiink a kozvetlen
lokéator-szamitégép kapcsolat megvaldsitasara, a tényleges radiészonda méré-

DO
IT-2 HT- 680X
MFRCORT MAGASSAGI SZOG_ > :
LOKATOR MIKROSZAMITO-

RKZ-5 RADIO -
SZONDA ALTAL
MERT ADATOK

KIERTEKELT

OLDAL SZOG ) GEP
METEOROLOGIAI

DIGITALIS ADATOK A
FERDE TAVOLSAG > PERIFERIAKKAL s
ADATKIMENE- [ FELHASZNALOKHOZ

TEKKEL |HOMERSEKLET
NEDVESSEG
VEZERLO JELEK X

1. dbra. A Meteorit-RKZ rendszer szamitégépes adatkiértékeléséenk vizlata
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seket modellezéssel helyettesitettiik. A modell valédi mérés adataira épiilt, de
a program hatésosabb kiprébalasa érdekében tobb ponton bonyolult helyze-
teket alakitottunk ki. Az igy elGallitott, nem kozvetlen méréseken alapuld
felszallas” i4j4

laltuk, és ez az adathalmaz szolgdlt a program kifejlesztésének bazisdul. A
program Kkifejlesztését és kiprobalasat a szegedi Juhdsz Gyula Tanarképz6
Féiskola Wang 2200 C tipusi asztali szamitégépén végeztiik el. Nem tekintve a
kozvetlen lokator-szamitégép kapesolat hidnyat. minden egyéb momentum a
valésdgnak megfelelGen jatszédott le, s6t az interface probléma software keze-
lése is atvihet6 a valasztott (remélt) HT 680X gépre. Ennél ugyanis az
interface-panel csak a programbdl irdnyithaté, hasonléan jelenlegi programunk
adatkezeléséhez.

A program hirom jol elkiilonithet szegmensre tagolédik (2. ébra):
a) el6készits szakasz — a felszdllas el6tti teendSket végzi,
b) real-time szakasz
— atulajdonképpeni on-

line kapcsolat idején mii-
kodik,

. > > rg z
STANDARD _ TABLAZATOK ; ¢) feldolgozé6 szakasz
. VALTOZATLAN PROGRAMRESZ ;
FELTOLTESE — a lokatorrél levalasz-
ey 5 A e £ g (L R iy tott (off-line) tizemmaod-
HITELESITESI ES SUGARZAS FELSZALLAS ban a szamitasok zomét
TABLAZATOK FELTOLTESE ELOTTI PROGRAMRESZ Levrrd
KEZDOERTEKEK MEGADASA (OFF-LINE) vegzl. Ry
[ 2.1. Elbkészité sza-
i GREIE o TEN s kasz. A program tobb se-
~~{PuT A LokaTOR FELOL | géd-thblazatot és kiin-

duldsi adatot hasznél.
Ezek egy része standard

p:f)g;;ﬁy (pl. a magassagi korrek-

. cié kétdimenzids tablaza-

n (ON-LINE) ta), masokat csak ritkan

A BEERKEZETT  ADAT kell valtoztatni (sugarzé-
i o Sl si tabldzat), mig vannak

olyanok, amelyek min-
den felszallas el6tt at-
irdsra szorulnak. Utébbi-
[oEGLENES TAROLAS | akhoz tartozik pl. a
’J két hitelesitési téblizat,
T amely minden szonda ese-

[ELOZETES FELDOLGOZAS]

 [wankansponTok ELoaLLTASA] tében valtozik. Az elSké-

i <ot LEGNYOMAS ES HARMATPONT- szit6 szakaszban a sziiksé-

UTANI DEPRESSZIO KISZAMITASA ges kezd4 értékeket a bil-
PROGRAMRE 2 -

i = ! lentytizeten keresztiil

(OFF-LINE) i s e operditori segédlettel le-

I heta memoéridba juttatni.

TEMP TAVIRAT A szonda felszallasra els-

ELOALLITASA készitésének egyéb manu-

t dlisan végzett fézisait

nem automatizaltuk, mi-

vel kiilonb6z8 okok miatt

2. dbra. A szémitégépes program témor folyamatabraja nem lattuk célszer(inek.
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2.2. Real-time szakasz. A radiészonda elengedésének pillanataban megin-
dul a program tényleges miikodése. A lokator fel6l érkez6 adatokat a progra-
mozott interface figyeli, és elSirt id6kozokben a program rendelkezésére bo-
csatja. Minden egyes kozponti memoriaba érkezé adat tobboldali azonositési
és ellendrzési eljardson megy keresztiil. Az ellendrzés természetes, hiszen segit-
ségével a ,,hamis” adatokat mar a kezdet kezdetén kisziirjiik, az azonositasra
pedig azért van sziikség, mert tobbféle informécié (hémérséklet, nedvesség
alapfrekvencia) érkezhet kozel azonos frekvenciaérték formajaban.

Mivel a lokator fel6li adatfluxus kicsiny (legaldbbis a szamitégép sebessé-
géhez képest), lehetGség van rd — a ,,¢”’ szakaszt tehermentesitendé —, hogy
két lokatorhoz fordulds kozott (kb. 5 mésodperc) a gép bizonyos elézetes szi-
mitasokat és szelekciokat végezzen el. Ekkor torténik a szélvektor elGallitasa,
a geopotencidl-szamitds, a lehetséges markanspontok kivalogatésa) (ez nagyon
fontos, mert a markdnspont keresés a legidSigényesebb programrész), a frek-
vencia alakban érkezS informaciék értékeinek atalakitdsa meteorolégiai for-
méra és a ,,program vége’’ figyelése. Az elGallitott és rendezett ,,félkész’’ ada-
tok idGjarasi elemenként a felszallas befejeztéig tarolasra keriilnek, minden eset-
ben id6ponttal azonositva, s a program varja a kovetkezo lokatorhoz fordulas
eredményét. Amennyiben a folyamat a ,,program vége’ agra keriil, 4tlépiink
a ,,¢’’ szakaszba. (Itt és korabban a ,,program vége”’ csak a real-time szeg-
mens végét jelentil!)

A real-time szakaszban a munkafolyamat mar automatizaltnak tekint-
hetd, a gép mindossze operatori feliigyeletet igényel. Az egész szegmens soran
fennall a lehetGsége annak, hogy az operator beleavatkozzék a program futé-
saba. A szamitégép menet kozben a sziikséges adatokat dokumentalja (ir vagy
rajzol), a mérési folyamat igy végig ellendrizhet és akdr manudlisan is kovet-
het6 (a hagyomanyos médon). E szakaszban id6takarékossagrél esak annyiban
lehet sz6, amennyiben az opericidk a kovetkezs szegmensbeli munkat elGse-
gitik. Bar a radidszonda miikodési ideje egyértelmtien meghatarozza a prog-
ramrész futdsi idejét, mégis jelentds pozitivum a szubjektivitds kikiiszobo-
lése.

2.3. Feldolgozé szakasz. Els6 lépésként egy szubrutin elGallitja a mért ele-
mek markanspontjait, majd ezeket id6 (és geopotencial) szerinti sorrendben
vektorokban helyezi el, hogy elGsegitse a féizobarszintek adatainak kiszami-
téasat. Ezutdn minden elGirt szintre megtorténik a légnyomas kiszdmitasa;
ezt az elemet u.i. a szonda kozvetleniil nem méri. Az elGbbiek soran nyert
adatokat a szamitégép tarolja (ameddig sziikséges), kivansagra valamilyen
adathordozon barmikor megjeleniti. Végiill a TEMP tavirat szdméra sziiksé-
ges, de még hidnyz6 adatok (harmatpont-depresszié) eléallitdsa és a tavirat
osszeallitasa kovetkezik, s ezzel a sziikebben értelmezett automatizalt tevé-
kenység lezarul. A tavirat lyukszalagra vagy a periféridlis ellatottsagtél fiig-
g6en mas adathordozéra viheté és azonnal tovabbithato.

A TEMP téavirat elkészitésével nem meriilnek ki a szamitégép felhaszné-
lasi lehetGségei, mivel a kovetkezs felszallasig tobb 6ranyi id6 all rendelke-
zésre. Tgy pl. médunkban 4ll elkésziteni a CLIMAT TEMP taviratot, az év-
konyv osszeallitasat, archivalasi teendéket, kiillonbozd real-time és mult idejii
felhasznal6i igényeket elégithetiink ki (pl. jégesSelharitas és az elGrejelzések
segitése), kutatdsi munkdkra hasznalhatjuk, s6t a meteorologia mas teriiletei-
nek céljaira is alkalmazhatjuk (pl. felhasznléi tajékoztatas).

Els6sorban ebben a szakaszban érvényesiil az automatikus kiértékeléssel
elérhetd idémegtakaritids. Kisérleteink szerint kedvez6 periféridlis ellatottsag
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esetén a léggomb elpukkandsatol szamitott kevesebb, mint 15 perc alatt elké-
szithet6 a TEMP tavirat. Az emberi szubjektivitds kikiiszobolése kivetkezté-
ben ez a szakasz is jelentGsen hozzajarul a mérés pontossaginak javuldsidhoz.
Az automatizalt kiértékelS rendszer jelenlegi késziiltségi fokéat és a hitralévd
feladatokat a 3. dbra szemlélteti.

r—- s 3. Kovetkeztetések
METEORIT- 2 | PROGRAM kiR ;
LOKATOR g KIFEJLESZTESE X Az aerolgg’la’l ’megflgye-
] ; Iések automatizaldsinak ered-
: 3 . v ‘nyei kézz 3 i-
DIGITALIS ADAT- | g x ! e el cempll B 08
KIMENE TEK { ELLENORZES 1 értékelt adatok mentesek a
LETREHOZASA R SR szubjektum okozta pontatlan-
l ! d | sagoktol. A manudlis médszer-
: ' | hez képest mintegy fele annyi
SZAMITOGEP p gy y1
KVALASZTASA ; i id§ sziitkséges az automatizalt
i S e g | eljarashoz (figyelembe véve,
ST 2 hogy a real-time szakasz idG-
SZAMITOGEP v e Pl =5 tartama nem csokkenthetd!)
HASZNALATBA L l és ajelenlegi gyakorlattal szem-
PROGRAM ELLENORZESE | ben fOlOSlegeSSé Vé/hk egy ﬁjabb
i HT-680X  GEPEN | ellendrzés végrehajtdsa. A fel-
, ; : &
LOKATOR-SZAMITOGER | | | gza,ba(’iulo emberi munlfae'aro
KAPCSOLAT i . igy mas feladatok megoldéaséra
HARDWARE :‘ 4 4
BEFEJEZESE PROGRAM el hagzmalhato. ik Ry !
HIBATLAN =g A magaslégkori megfigye-
lések korszerfisitésének terén
ji végzett munkénk kozben fi-
: Z i Y Y
AUTOMATIKUS ~ ADATKIERTEKELES gy elem’mel klse’rt\’lk a_velink
1 - hasonlé adottsdgt szocialista
\&vd

orszagokban foly6 ilyen ira-
3. dbra. A szémitégépes adatkiértékelés megvaldsulé- ny1'1 erOfeszitéseket. A rendsze-
sdnak vézlata (a *-gal jelolt feladatokat elvégeztiik) resen ismétl6dd konzultdciok

megerdsitették azt, hogy helyes
uton jarunk, amikor a hazai automatizacié megvalésitdsara toreksziink. Ezt
kivanjadk a meteoroldgiai adatokkal szemben témasztott magasabb minGségi
kovetelmények, a hatékonyabb munkaszervezés, valamint a 1épés tartds a
technikai haladassal igénye is.
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A csapadék pentadosszegeinek szinoptikus-klimatolégiai
eldrejelzési modszere

HUNKAR MARTA—RIMEK ILONA, Kézponti Elérejelzé Intézet, H-1675 Budapest , Pf. 32

A synoptic-climatological method predicting the pentad amount precipitation. An objec-
tive method is presented for the prediction of the pentad amount precipitation. The
method is based on the principles of synoptic climatology, the five-day precipitation amount
is related to the pressure field. The average pentad pressure fields have separately been
categorized for five periods of a year, and a statistical relation has been established bet-
ween the types of pressure fields, and the five-day precipitation amount. This relation is
given by a probability distribution function. For the investigation of the statistical rela-
tions, the period between 1946 and 1975 has been used. The types of the spring and summer
periods and the distribution function of precipitation amounts pertaining to these periods
are also presented.

*

A csapadék pentadisszegeinek szinoptikus-klimatolégiai elérejelzési médszere. A szerzbk
objektiv médszert mutatnak be a csapadék pentadosszegeinek valészintiségi elérejelzésére.
A médszer a szinoptikus klimatolégia alapelvein nyugszik, bérikus mez6hoéz rendeli hozzd
az 6tnaponkénti csapadékosszeget. Az dtlagos pentdd nyomésmezéket az év 5 idGszakara
kiilén-kiilén tipizélja és statisztikai kapesolatot keres a barikus mezé tipusai, valamint az 5
napos csapadékésszeg koézétt. E kapesolatot valdszintiségi eloszlasfiiggvény formajaban
adjik meg. A statisztikai kapcsolatok megillapitdsihoz az 1946 — 1975 kozotti idészakot
hasznéljak fel. Bemutatjak tovabbda a tavaszi és a nyéri idészak tipusait, illetve az ezekhez
tartozé csapadékosszegek eloszlasfiiggvényeit is.

sk

Ismeretes, hogy a szinoptikus klimatoldgiai vizsgalataink a cirkuldcids
forma és az idGjarasi elemek kozott meglévs kapesolatokon alapulnak. Prog-
nosztikai felhaszndldsukhoz a bérikus mezs elGrejelzése sziikséges. Az elGre-
jelzett dramlési képhez azutdn hozzirendelhetjiik tobb id&jarasi elem varhaté
értékét is (Maller, 1977).

Jelen vizsgilatunk célja: 5 napra sz6lé csapadékelSrejelzési modszer
kidolgozésa; pontosabban arra a kérdésre keresiink vélaszt, hogy a kovet-
kez6 5 nap soran milyen valészintiséggel varhaté meghatarozott értéket meg-
halad6 csapadékosszeg. A varhaté csapadék pentadosszegének valészinfiségi
eloszlasat jellemzi a lehull6 csapadék egyik alapvets tulajdonsédga: a térbeli
véletlenszertisége. Tobb médszer (Klein, 1965, T'dnczer, 1975, Tdnczer, 1979)
a térbeli véletlenszeriiség okozta problémékat a teriileti atlag prognosztizé-
lasdval igyekszik athidalni. A teriileti dtlag azonban csak akkor ad értékes
informéciot, ha a teriilet viszonylag kicsiny és egységes éghajlatia. A kis terii-
letre torténd elérejelzés érvényességi idGtartama azonban igen korlatozott.
A hazai gyakorlatban a csapadék teriileti atlagdnak varhaté mennyiségérsl
csupan a specidlis ultra-rovidtavia csapadékprognézisok tajékoztatnak. Ugyan-
akkor az orszig teriiletének csapadékossdga és az egyes dllomésokon lehull6
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csapadékmennyiség valosziniisége kozott szoros kapesolat mutathaté ki (Kop-
phny, 1972).

A cirkulaciés forma jellemzését a légnyomés pentédd-dtlagidnak térképei-
vel valésitjuk meg. A pentdd atlagokat az észak-atlanti—eurdpai térség 15
allomésan 06 GMT-kor észlelt tengerszinti légnyomds adataibdl szdmitottuk.
A prediktor bazis az 1946 —1975 kozotti 30 év adataibdl szdmitott pentdd
atlagtérképek sora (1. dbra).

hasznalt dllomésok. 1. Angmagssalik, 2. Reykjavik, 3.Wick
4. Brest, 5. Lissabon, 6. Ponta Delgada, 7. Nordoyan,
8. Arhangelszk,9. Velikie Luki, 10. Zametkino, 11. Berlin,
14 12. Budapest, 13. Réma, 14. Nicosia, 15. 55° N 25° W

/E 1. dbra : A pentad-atlag légnyomés térképek készitéséhez

A csapadék pentddosszegének jellemzésére 8 magyarorszagi 4llomés
— Magyarévar ,Keszthely, Pécs, Budapest, Kalocsa, Kecskemét, Szeged,
Debrecen — naponkénti csapadékadataibdl hatdroztuk meg az atlagos pen-
tadosszeget (prediktandusz). A csapadék 1946 —1975 kozotti id8szakbol szé-
mitott pentddosszegeit hozzarendeltiik az azonos pentddhoz tartozé cirkulé-
ciés képhez.

A pentidiosszegek statisztikar vizsgdlata

Az egyes pentadok 30 évi dtlagos csapadékosszegeit vizsgalva klimatologiai
szempontokat és az dltaldnos cirkulécié sajatossdgait figyelembe véve az évet
szakaszokra bontottuk (lasd. 7. tdbldzat) hisz kozismert, hogy hasonlé barikus

207 mm Evi atlag: 7,8 szoras: 2,5
a 10,7
SZ;; 2,2
15 1
a :82mm 2y a :81mm
a :55 mm sz:0,8mm| - v R sz:1,4mm
104 sz: 1,5 mm T TP ‘| &4 :6,3mm| v
* | sz:0,7mm 5
5“ e ° . ‘e ! 4 s
o T T T T T T T T T T T T T = 1
5 15 25 35 45 655 65 75

2. dbra : Csapadék-pentadosszegek 30 évi (1946 —1975) dtlagainak évi menete
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mez6 az év kiilonboz6 idGszakaiban méas-més idGjarasi, illetve csapadékkelts
folyamatokkal jar egyiitt. Az idészakot elvalaszté hatart a pentad csapadék-
Osszegek évi menetének trendanalizisével hatéaroztuk meg. Ily médon az id6-
szak csapadékviszonyai az idGszak atlagaval j6l jellemezheték. Az egyes pe-
riédusokon beliil az atlag koriili szérds minden esetben kisebb az évi atlag
koriili szérasndl (2. dbra).

E(xa) =P (=%

pentadok

1-20
----- 21 -29
x—x—x 30-47
— 48-59
i—=— {60 =73

3. abra: Az egyes idészakok esapadék-pentad- - R = =8 e
osszegeinek eloszlasfiiggvényei F () =P (=) 50 mm

A 3. dbrdn bemutatjuk az egyes idészakok pentéd csapadékosszegeinek
eloszlasfiiggvényeit, melyeket a kovetkezd formula hatdroz meg:

F(xy) =P(x=xy).

Az 4brabdl kozvetleniil leolvashato, hogy az z, csapadékosszegnél nagyobb
csapadéknak hany f, szdzalék a val6szinlisége. A szokdsosan eldrejelzett csa-
padékmennyiségek tillépési valészintiségeit az I. tdblazatban kozoljiik.

1. TABLAZAT
A Filonbozé csapadék-pentadisszegek tillépési valdszintisége
az év egyes idbszakaiban

lr Csapd&ék (mm)7 \
Idészak Pentad e SR T T
l 3l  tallépési valosziniiség (%)

jan. 1—épr. 10. e T s 0,2
4pr. 11—méj. 25. 21 —29. T 5 -ie a8 2
méj. 26 —aug. 23. 30 —47. 80 | 64 42 16 6
aug. 24 —okt. 22. 48 —59. 55 38 24 8 2,2
okt. 23 —dec. 31. 60 —73. 69 53 33 1) o R
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A barikus mezb tipizdldsa

A csapadékadatok statisztikai elemzése utdn a pentddok barikus mezsit
vettiik vizsgdlat ald. A pentddok 4tlagos nyomdsképeit a fent meghatdrozott
5 idGszakra kiilon-kiilon tipizdltuk. A tipizalds els6dleges szempontja az volt,
hogy a bérikus képzédmények elhelyezkedése az egy tipusba sorolt penté-
doknél hasonl6 legyen. A mezGk hasonléségéarsl a pontoknak a mezd dtlagatol
valé eltérései (21) alapjan dontottiink. Az eljards a kovetkezs volt:

A 15 pont 4tlagos pentdd nyomésértékeibdl meghatdroztuk a mezd 4t-
lagat:

1 i=1
eSS ij
5% 7

ahol 7 id6szakonként valtozik, j az dllomasok sorszdma.

Pentad : I'=20. 21 —29. 30 —47. 48 —59. 60—173.
= 600 240 540 360 420

Ezutan kiszamitottuk a mez8 atlagatél vett eltéréseket, amikor is a 2ii
érték az i-edik mez6 j-edik pontjanak eltérése a mezd atlagatol:

4. dbra: A tavaszi id8szak jellemz8 barikus tipusainak vézlatos képe
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Zhi = pli— M1
2bi eltéréshez hozzarendeljiik az »1J karakterisztikus fiiggvényt a kovetkezs
moédon :
+1 ha 2Li=0,
—1 ha 2bi<0.

Ily médon minden pentdd — atlag nyoméastérképet —1, + 1 karakterisz-
tikdbdl 4116 15 tagh sorozattal irtunk le. A sorozatok dsszehasonlitdsa kovet-
kez6képp tortént: Legyen két tetszéleges sorozat

PENEE) ={

7L iR E
rtl otz pt3 rt1s
ahol k£ , t €{i} és k=t, akkor
. [1 ha 7k —=pt.i
s ()= :
[O ha k. £yt

A hasonlésig mérdszéma: N= > s (j).

7 ey CS

5. dbra: A nydari idészak jellemz6é barikus tipusainak vézlatos képe
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Az egyes mezGk Osszehasonlitdsat, a hasonlésidgi mérGszam meghatérozasat
a Kozponti Meteorolégiai Intézet szdmitdstechnikai csoportjanak segitsé-
gével IBM 370 szamitégépen végeztiik el.

Elbzetes feldolgozasunk 2 id8szakot foglal magéba, a 21 —29. pentad
idGszakat, vagyis dprilis 11-t6]l mdjus 25-ig és a 30 —47. pentdd idGszakat,
amely méjus 26-t6] augusztus 23-ig tart.

Az egyszerliség kedvéért a fenti id6tartamokat a tovébbiakban favaszi
és nyadri idészakoknak nevezziik. A tavaszi idGszakban 9 (4. dbra), a nyari
idészakban 8 (5. dbra) jellemzé tipust talaltunk. Részletes szinoptikai jellem-
zésiiket most nem targyaljuk, a kés6bbiekben azonban szandékunkban all
ennek elvégzése is. Hzzel az idGjaras kozéptavu elSrejelzése szempontjabdl
hasznalhaté barikus tipusok megalkotésa lenne célunk. Itt most csupan a
csapadék elbrejelzését tartjuk szem elétt, éppen ezért valdszini, hogy ha
mas idgjarasi elemet is figyelembe vessziink, az egyes tipusokat, sét az év
fentebb meghatérozott id8szakait médositanunk kell. A 4. és 5. dbrdn az egyes
id6szakok jellemzd tipusainak egyszeriisitett képét mutatjuk be.

A barikus mez6 tipusai és a csapadék kozotti kapesolat

A 1. tabldazatban tipusok szerint mutatjuk be az egyes kritikus csapadék-
mennyiségek tallépési valdszinfiségeit. A tipusok valdszintiségi eloszlasfiigg-
vényei szignifikdnsan kiilonboznek egymdastél — errél X2 probaval gy6zod-
tiink meg — s ez igazolja a tipusok let]ogosultsagat A tlpusok val6szintiségi
eloszlasfiiggvényeinek tanulmanyozisa altal a szdmszer(i jellemzésen kiviil

II. TABLAZAT

Csapadék-pentadosszegek tullépési 'valészinusége a barikus mezb tipusai szerint, tavaszi és nydri

6ezakban
A | Csapadék (mm)
bicibos( TN T ST 30
mezé i = s OIS
tipusa Tullepem valészintiségek (%)

Tavaszi 1dosza,k 21 —29. pentad

BV b O 78, A5l 4 8 5 el
1, 26 26 | 80 46 33 15 4 £
9, 29 93 72 ‘ 41 ; 17 3 -
Bl | 37 ‘ 95 135 G VRS st 11 2
4. 53 | e e T e PGy | R R R R 2
5. ] 2l | 95 e Ry Sl e RO -
8. 35 100 &0k Lo R T 3
; gk, 31 [ 94 L 9B o 4 AR 6
g o) 18 100 OF  TECCNEEN L R 5 =
o 16 J 94 5 W | Ty 6
I\Jyarl id6észak, 30 — 47 pentad
540 95 it A 42 i 16 6
‘ |

1 125 94 86 |l 4d 32 7 2
2 121 96 83 67 T ) 7
3 78| 95 79 56 e R 4
4 | 91 76 | 64 30 | 9 6
5 31 100 81 Fiewt ol o L Ty 7
6 99 99 94 | 81 64 30 10
7 23 96 N e 52 | 4 0
8 15 100 T g MG 33 13 6
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F(x0)=P(x = X,) E(t)=PExzXs)

) —— 30- 47 pentad

—— 21-29pentad 801
-——- 7. tipus

--—— 1tipus

L% ol . : : . =
10 30 50 mm 10 30 50 mm
6. dbra : A tavaszi id8szak csapadék pentadosz- 7. dbra: A nyéri idészak csapadék pentadész-

szegeinek atlagos és az 1. tipusra jellemz8  szegeinek dtlagos ésa 7. cirkulacids tipusra jel-
eloszlasfiiggvénye az 1 tipus vazlatos barikus lemz6 eloszlasfiiggvénye, a 7. tipus vazlatos
képével bérikus képével
— amely a prognézis célja — lehetdség nyilik az egyes tipusok kvalitativ
jellemzésére is. A 6. dbra példaul a 21 —29. pentad idGszakabdl az 1. tipushoz
tartozo eloszldsfiiggvényt szemlélteti az idGszakra jellemzG atlagos eloszlds-
fiiggvénnyel egyiitt. Megallapithatd, hogy az atlagosndl szarazabb tipusrél van
8z0. A 7. dbrdn bemutatott példa kiilonosen érdekes: A 30 —47. pentad id6-
szakdbdl a 7. tipushoz tartozé eloszlasfiiggvényt dbrazoltuk az atlagos elosz-
lasfiiggvénnyel egyiitt. A kovetkezd megallapitast tehetjitk: E tipus fenn-
allasa esetén 15 mm-nél kisebb, tehat aranylag nem nagy csapadékosszeg az
atlagosndl nagyobb valészintiséggel varhaté, nagy csapadékok azonban ritkdn
fordulnak eld, valdszintiségiik az 4tlag alatt marad.

Elérejelzési mddszeriink alkalmazdsihoz tehat el kell allitani az év 5
id6szakdnak mindegyik tipusdhoz a pentdd csapadékisszegek eloszlisfiiggvé-
nyeit, majd a numerikus modellekkel készitett 5 napos barikus mezd elérejel-
zése alapjdn meg kell allapitani a kiovetkezd 5 nap varhaté tipusat. Ennek
megdllapitédsa legcélszertibben a tipusok megalkotésa sordan alkalmazott méd-
szerrel torténhet, s ez szamitégépre vihets. Ezek utan kivalasztjuk a tipushoz

tartozé eloszlasfiiggvényt — s ezzel apjuk meg a kovetkez6 5 nap soran
varhaté csapadék Osszeg valdszintiségeit.
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KRONIKA

SZLOVAK-MAGYAR METEOROLOGIAI VANDORGYULES POZSONYBAN

A VIII. kozos vandorgytilést a Szlovak Me-
teorolégiai Tarsasag 1983. augusztus 9 — 12 ko-
zott Pozsonyban rendezte meg, a magyar me-
teorolégusoknak ez egyben a XXII. vandor-
gytlése volt. Az eldaddsokat ezattal ,,4 szdm:-
tastechnika alkalmazasai és a tavérzékelés fel-
haszndldsa a meteoroldgiaban’ c. téma koré
csoportositottdak. Megnyité beszédet a két me-
teorolédgiai tdrsasag elnéke tartott. Elséként
F. Samaj melegen iidvzslte az egybegyiilteket:
a Szlovdk Szocialista Koztarsasag févarosa-
ban, beszédében roviden kitért az egykori ma-
gyar févaros toérténelmére és jelenkori adatai-
nak ismertetésére, majd értékelte a vandor-
gytlés célkitlizését. Elmondta, hogy a témahoz
kapesol6d6 szakmai kirdanduldsok milyen l4tni-
valékkal szolgdlnak majd. A kordbbi kézos
vandorgytlésekre visszapillantva megemlé-
kezett Prof. M. Koncekrol, aki kezdeményezs-
je, egyik elinditéja volt ezeknek, s felkérte a
hallgatdsagot, hogy egyperces néma felillassal
fejezze ki tiszteletét Koncek professzor emlé-
kének.

Szasz Gabor az MMT elnoke kifejezte koszo-
netét a Szlovak Meteorologiai Tarsasagnak a
rendezésért, s oromét afelett, hogy a két or-
szag szakemberei éppen e régi szép vérosban
folytathatnak véleménycserét ebben az igen di-
namikusan felfejlédott témaban, melyben szlo-

vik kollégaink hasznos tapasztalatokat nyujt-
hatnak nekiink.

Az iilésszakon huszonhdrom eldadds hang-
zott el. A viszonylag j téma, természetszeriien
nagyrészt fiatal kutatéi mutattdk be ered-
ményeiket. E helyt tartalomismertetésre vagy
értékelésre nincs lehetéség, de mindenképpen
célszeriinek latjuk lapunk hasiabjain mego-
rokiteni legaldbb az el6addk nevét és elda-
dasuk cimét, elhangzdsuk sorrendjében.

Podhorsky, D.: A szidmitéstechnika haszno-
sitdsa és alkalmazisi lehetdségei a Szlovak
Hidrometeorolégiai Intézetben; Faragé T.:
Szamitastechnika a meteorolégiaért, kiilonos
tekintettel az ember-gép kapesolatra; Kassaz
B.—Endrédi Cs.: Kisszamitégépes rendszer
repiilésmeteorolégiai adatok felhasznaldsara a
kozforgalmu légikozlekedés kiszolgaldsdaban;
Fuchs, T. : Adatbank a hidrometeorolégiiban;
Kramarné Maté A.—Szabé R.— Zdarbokné Ri-
mek I.— Varga M. : Néhiny szamitéstechnikai
alkalmazas a nyomdasmez8k analizisében; Ru-
Zitka, M.: Tavkozlési szamitoégép a Szlovak
Hidrometeoroldgiai Intézetben ; Duska . — Ju-
haszné D. Zs.: 1déjarasi adatbazis-kezels és
informéci6 szolgaltaté rendszer ESZR széami-
tégépen; Schwarz, J.: Kibernetikus mmformé-
ci6s rendszer a hidrometeorolégia szdmdara
(KIS) Dévényi D.— Prager T.: Numerikus di-

AR

A képen balrél jobbra: F. Samaj igazgaté, a Szlovék Meteorolégiar térsaség elnoke, J. Lukaé,
a Szloviak Tudomanyos Akadémia Geofizikai Intézetének igazgatohelyettese, Barat J. a magyar
meteorologiai szolgalat elnoke, Szdsz @G. rektor, az MMT elnoke, V. Miku$, a Szlovak Viz- és
Erdégazdalkodéasi Minisztérium titkarsaganak vezetdje, B. Sobisek, a Csehszlovik Meteorols-
giai Tarsasig elnske, 4. Urland, a Szlovik Tudoményos Akadémia Titkarsdginak vezetdje.
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namikus el6rejelzési modellek szamitastechni-
kai megvaldsitdsianak problémdi; Zéman, V.:
EBghajlati feldolgozasok és évkonyvek készité-
se szamitdstechnika segitségével; Gyorgy I.—
Bozsoki I. — Vadasz V. : Meteorolbgiai miihold-
vevd és képfeldolgozé rendszer szamitdstech-
nikai sajatossigai; Il'ko, J.—Krska, K.: Az
EC 1010 tipust szamitégép felhaszndlasa a
Szlovék Hidrometeoroldgiai Intézet szinoptikus
szolgalatdban Bratislavaban; Pintér F.: On-
line, interaktiv meteorolégiai képfeldolgozo
rendszer; Matejka, F.: 1d6sorok feldolgozasa
az ADT/4500 miniszdmitégépen; Kovér Zs. —
Triznya J.— Faragé T.: %Jgha,jla,ti alapadat-
feldolgoz6 és informécié szolgaltaté rendszer;
Mié&ietovd, H. : A relief komplex digitalmodellje
a meteorolégidban és a hidrolégidban; Bozé P. :
A téavérzékelés felhaszndlisa a meteorolégia-
ban; Podhorsky,D.: Az atmoszféra, hidrosz-
éra és litoszféra tavérzékelése; Tinczer T.—
Pintér F.: A foldfelszin hémérsékletének meg-
hatdrozasa infravoros APT-felvételek alapjan;
Ursiny, P.: A hétakars dinamikajanak meg-
hatdrozasa tavértékelési moédszerrel; Vaddsz
V.— Lesztak S.: Repiilégépes tavérzékelési ki-
sérletek eredményeinek felhasznaldsa az agro-
meteorolégiaban; Sencéaokva, D.: Viztarozok
termovizids felvé-tele; Lietava, L. : A fold me-
teorolégiai mitholdjair6l szirmazé digitalis ada-
tok vételére és kiértékelésére szolgals rendszer.

Mér a programpontokbdl is lathat6, hogy a
vandorgyiilés résztveviinek a sok, igen érdekes,
a legkorszertiibb kutatdsokat interpretalé els-
adds gazdag szakmai anyagot nyujtott.

A tanulmanyi kirdndulésok is gazdagitottak
szakmai ismereteinket. Els6ként a Gabesiko-
vo — Nagymaros viztdrozé modelljét, majd a
Maly Javornik-on miikédé obszervatériumot
mutattak be. Ez utébbi Szlovikidban a mete-
orolégiai megfigyelések automatizilisa és a
radidlokacié fellegvéara. Az itt folyé munka és
tovabbi fejlesztés kivalé vezeté D. Podhorsky
és munkatdrsai kezében minden bizonnyal to-
vabbi sikereket hoz majd. A szakmai kirdandu-
14s napja Pezinokban kézos iinnepi vacsoraval
zdrult a hatalmas park kézepén 4116, volt Illés-
hézy, ill. Palffy kastélyban.

Végeredményben mind szakmai ismeretek,
mind élmények szempontjabol szlovik kollé-
gdink mindent megtettek a véndorgytilés si-
keréért, koszoénet érte. Az Internat Druzba
Diékszalls konferenciaterme miszakilag jo,
elegans kornyezet volt az eléadésok megtarta-
séra. Az el6adasok pedig nagyszerlien érzékel-
tették, hogy a szdmitistechnika vagy a tav-
érzékelés egy-egy eredménye hogyan ,,féku-
szAlhatd’’ a meteorolégia és a hidrolégia tudo-
ményédnak valamely alkalmazési teriiletére.

Mindenképpen koszonet illeti meg 7'. Bog-
nart, a Szlovak Tud. Akadémia Geofizikai In-
tézete munkatarsat, aki kit{in6en tolmdacsolta
a megnyitok, a zirszék a hozzdszélisok és vi-
tak szovegét szlovikrdl magyarra és viszont.

Szepesiné Lorincz A.

XI. KARPAT-METEOROLOGIAI
KONFERENCIA

1983. szeptember 13-a és 16-a kozott Székes-
fehérvar adott otthont az Orszégos Meteorolé-
giai Szolgalat és a Magyar Meteorolégiai Tér-
sasdg kozos szervezésében megrendezett Kar-
pat-meteoroldgiar Konferencianak, amely a 11.
volt a domborzat idéjaras- és éghajlatmoédosi-
t6 hatésaival foglalkozé tudoményos iilések
soraban. Ilyen témaja értekezletek rendszeres
osszehivasat negyedszazada hatérozta el a szo-
cialista orszagok meteorologus kozossége; a
Karpat-konferencidk kozott az els6t Pozsony
latta vendégiil 1959-ben, hazink pedig 1961-
ben volt a hézigazda. Az ider tandcskozdsra
57616 meghivét 10 kiilfsldi orszag 37 kiildotte
fogadta el; a részt vevok szima a hazai delega-
tusokkal és érdeklédé szakemberekkel egyiitt
kézel szazra emelkedett.

Székesfehérvar varosdnak szép és korszerii
Technika Hézdban szeptember 14-én reggel 9
6rakor Barat Jézsef, az Orszagos Meteorolégiai
Szolgélat elnoke meleg szavakkal tidvozolte a
megjelenteket és a konferencia munkéjihoz
sok sikert kivant. Béll Béla akadémikus a Ma-
gyar Meteorolégiai Tarsasag és a szervezd bi-
zottsdg nevében mondott koszontét, kifejez-
vén azt a reményét, hogy a bemutatasra elfo-
gadott t6bb mint harmine tanulmény érdekes
és hasznos tudomdnyos eszmecserének lesz az
alapja.

Az els6 munkanap tanacskozasinak kézpon-
ti témaja a légkori hatdrrétegben jelentkezd oro-
grafikus hatasok leirdsanak és modellezésének
problémakére volt. U. Damrath és K. Bern-
hardt (NDK) a baroklin hullaimoknak a dombor-
zattal tagolt felszin f6lotti kifejlédésére vonat-
koz6 modellkisérleteit mutatta be, H. Szirakov
(Bulgéria) el6adasa pedig elsésorban a felszini
termikus inhomogenitésok szerepét hangsu-
lyozta. Borbély Edit, Németh Péter, Varga Mik-
16s bés Zsoldos Erzsébet (KMI) statisztikai feldol-
gozésa a hazai magassagi szélmérésekben fellel-
het6 domborzati hatasokra vetett fényt. Ezt
kovetéen a planetdris hatdrréteg hidrosztatikai
egyensulydnak jelent8ségét tobben is elemez-
ték: J. Rakovec (Jugoszlavia) a diffazio, J.
Pribis (Csehszlovikia) az éjszakai felszini mi-
nimumhdémérsékletek, K. Slavko (Jugoszlivia)
pedig a varosklima alakulisa szempontjibol.

A domborzati ,,zavar’ a meteorolégiai me-
z6xben az id6jirdsi és az éghajlati idéskalikon
egyarant megmutatkozik. A révidebb id6ska-
lakon jelentkez& termo-higrografikus anomé-
liakkal két el6adas is foglalkozott : M. Moraws-
ka — Horawska (Lengyelorszag) és S. Pribi§ ko-
z6s tanulmanya Altalanosabb vetiiletben, G.
Murinova és M. Ostrozlik (Csehzslovikia) dol-
gozata pedig konkrétan a szabad fénnel kap-
csolatban. Hogy ezek az orografikus zavarok
hogyan tiikrozé6dnek a GARP alpi regiondlis
kisérlete (ALPEX) sordan &sszegyujtott ada-
tokban, s miként kisérelték meg egy-egy mérés
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reprezentativitdsdnak korzetét az ALPEX
adatfeldolgozé kézpontjaban objektiv médsze-
rekkel is meghatarozni, arrél Pintér Ferenc
(KLFI) adott szémot. Az éghajlati idéskala-
kon a Karpat-medence térsége azzal tinik ki,
hogy hémérsékletének évek kozotti valtozé-
konységa nem 4ll szinkronban az északi hemi-
szféra folotti légtérben tapasztalhatéd véltoza-
sokkal. Ennek okat és a jovére vonatkozé els-
rejelezhet6ségét fejtegette Mika Jdanos és Boncz
Jozsef (KEI) eléadésa.

A mésodik munkanapon, szeptember 15-én a
tandcskozas két szekciéban folytatédott. Az
egyik szekcié a munkajat azoknak a hidrodi-
namikai és szinoptikai mddszereknel a megvi-
tatasaval kezdte, amelyekkel az idgjdardas hegy-
vidékek kornyezetében analizalhato és prognosz-
tizalhaté. Az els8 négy elbadis a numerikus
prognosztika néhény érdekes és aktudlis prob-
1émajat tarta a hallgatésag elé. H.—J. Herzog
és A. Meyer (NDK) a regionélis térskaliji mo-
dellek inicializdlaséval, N. Godev és E. Szirakov
(Bulgéria) a termikus és mechanikai kénysze-
rek kolesonhatdasénak a szinoptikus folyama-
tokra gyakorolt hatéséval foglalkozott, U.
Damrath (NDK) és F. Schmidt (NSZK) pedig
az idealizalt domborzati akadaly koriili lég-
dramlés modellezésének példain keresztil il-
lusztraltdk a numerikus kisérletezés lehet8sé-
geit és nehézségeit. A szinoptikai témaju elda-
désok esettanulmanyok felvazolasaval a he-
gyek néhény érdekes idGjardsmaodosité hatéasat
mutattéik be. Csaszdr Margit (ELTE, TTK) a
Karpat-medencét a téli félévben gyakrankitolt6
hideg légparna sajatossigait elemezte, s ha-
sonlé témaja vizsgalatainak eredményeit fejte-
gette V. Cordos és M. Marinca (Roménia) is. A
nyari félév soran a Karpatok térsége nem pro-
dukél ennyire markéns eseményeket, a hegy-
vonulat jelenléte azonban kimutathaté mind
a mezo-skalaju cirkuléciés rendszerekben (amit
a roman M. Strutu és L. Cazacioc vizsgilt).
mind pedig e rendszereken keresztiil a lokdlis
csapadékképben (ahogy az a jugoszlav Capka
hézaspar el6adasabdl kideriilt. )

A szekciéban ezutdan a miiholdas és radar
adatok alkalmazhatésdganak kérdéseit tlizték
napirendre, elsésorban abbdl a szempontbdl,
hogy miként hasznosithaték ezek az informé-
ciok a domborzattal tagolt vidékek idéjarasa-
nak elérejelzésénél. G. Hailzl (Ausztria) beszé-
molt arrél, hogy orszédginak domborzatilag
rendkiviil valtozatos térségében az ultrarévid-
tava prognézisok készitése soran hogyan kom-
binéljik a numerikus elérejelzési modellek in-
formaciétartalmat a geostacionarius és poléris
miiholdak felhéfelvételeibdl szdrmaztatott ada-
tokkal. Kapovits Albert (KMI) az 1982. eszten-
d6é nyarédnak legintenzivebb frontétvonuldsat
elemezte a radarmegfigyelések tiitkrében, és ki-
mutatta, hogy bizonyos id6jarasi helyzetekben
a radar adatok egymagukban is elégségesek
lehetnek a szinoptikus kép megbizha.é anali-
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ziséhez ¢és elérejelzéséhez. K. Tenter (NSZK) a
radar informéciéknak egy mésik nagyon fontos -
alkalmazési teriiletét allitotta elétérbe: eléada-
sa a lokalis konvekeiés rendszerek kialakulasa-
nak és athelyezédésének elbrejelzésével foglal-
kozott.

Szeptember 15-én a mésik szekeciéban els-
szor éghajlati témék koré csoportosultak az
elbaddsok. A jugoszlav Spasov hézaspéar, V.
Babicsenko és munkatérsai (Szovjetunio), I.
Mihailescu (Roménia), valamint B. Lesniak, il-
letve B. Krawczyk (Lengyelorszig) orszigaik
egy-egy az orografia &ltal befolydsolt mezo-
illetve mikroklimatolégiai kérzetének néhany
éghajlati jellemvondsat mutattdk be, kitérve
e karakterisztikik gazdasagi vonatkozdsaira is.
Erdekes gondolattal jelentkezett C. Pop
(Roménia), aki a Déli-Karpatok fén-folyama-
tait elemezve ennek a tipikus hegyvidéki dram-
lasi jelenségnek az eréforrasként torténd keze-
1ését szorgalmazta. Az orografidnak a csapa-
dékeloszlasra kifejtett hatésa két el6adasnak
is témaja volt: R. Brdzdil (Csehszlovikia)
munkatérsaival a Nyugat-Karpatok, Molndr
Katalin (Féldrajztudomanyi Kutatdintézet)
pedig Eszak-Magyarorszag térségére analizdlta
a domborzati tényez6k szerepét.

E szekeid délutani két el6addsa a sugdrzdstan
kiilonbsz8 aspektusait érintette. F. Newwirth
(Ausztria) arra a kérdésre kereste a vélaszt,
hogy a rovidhullimu napsugérzis intenzitédsa
miként becsiilheté meg erésen tagolt térségek-
ben més meteorolégiai elemek értékeinek fel-
hasznélésdval. Farkas Olga és R. Padl Aniké
(KLFI) hazink globalsugarzasi képének térbeli
és id6beli szerkezetét véazolta fel, J. Lukaé
(Csehszloviakia) pedig a Karpatok nyugati vo-
nulatanak sugérzdsi viszonyair6l adott szé-
mot. A kiilénbéz8 irdanyitottsagui lejtékre jutd
besugirzis kérdéseivel szintén csehszlovak ku-
tatok, J. Tomlain és J. Hrvol foglalkoztak,
kitérve a direkt napsugirzis mennyiségének
napi és éves menetére.

A konferencia tudoményos része szeptember
15-én délutan Béll Béla akadémikus révid zar-
szavaval fejez6dott be. A hallgatésig Srommel
vette tudomésul a jugoszlév delegécié bejelen-
tését, amely két esztends mulva Szerbia hegyei
kozé invitalja a soron kovetkezd iilés vendé-
geit.

A zArémap programjéaban autébusz-kirdndu-
l4s szerepelt; ennek sorédn a résztvevék megis-
merkedtek Zirc és Veszprém, majd a Csopakon
elkoltott ebéd utédn Tihany néhdny nevezetes-
ségével. Ez a séta, a 14-én esti székesfehérvari
vérosnézés és a Velence szélléban megrende-
zett kézés vacsora, valamint a 15-i este sukoréi
orgonahangversenyének meghallgatdsa olyan
epizédjai voltak a XI. Nemzetkozi Karpét-
meteoroldgiai Konferencidnak, amelyek alkal-
mat adtak a kitetlenebb kapcesolatok kialaki-
tasdra.

Gitz G.



SZERZSINK FIGYELMEBE

Az IDOTJARAS célja az elméleti és alkalma-
zott meteorolégia térgykorébe tartozé tanul-
ményok publikéldsa. A tanulményok j kuta-
tési eredményeket tartalmazé beszémoldk,
illetve adott szakteriilet idSszerti kérdéseit
osszefoglald kritikai szemlecikkek lehetnek. A
kozlés nyelve: magyar vagy angol. A kettes
sortavolséggal gépelt kéziratok két példanyban
kiildend8k be a kévetkez8 cimre: IdGjirds
SzerkesztGsége Budapest, Pi. 38. 1525

A kéziratokat a szerkesztSbizottsdg lektoral-
tatja. A lektor nevét a szerzével nem kozoljiik.
A kéziratnak a kovetkezs formai igényeket
kell kielégitenio:

Cimrész: Tartalmazza a tanulmdny cimét, a
szerzd (k) nevét, munkahelyét és ez utébbi pon-
tos cimét.

Osszetoglalds: Kilon oldalakon, magyar és
angol nyelven, tartalmazza a kutatas céljit,
mddszerét és a kapott eredményeket.

Szovegrész: Alcimekkel értelemszertien fe-
jezetekre tagolando.

Irodalmi hivatkozfisok: Szdveghen a hivat-
kozés tartalmazza a szerzd(k) nevét aldhtzva
és a publikélas évét. Pl. egyetlen szerzd esetén:
Réna (1909), vagy ha a szerzé neve a szévegbe
nem illesztheté be: (Réna, 1909); két szerzd
esetén: Gamow és Cleveland (1973); t6bb szer-
z8 esetén: Bacsé et al., (1953). Ha adott szerz8k
ugyanazon évben publikalt t6bb cikkére hivat-
kozunk, akkor az évszdmhoz a, b stb. betiiket
frunk. Az irodalom felsorolédsa a cikk végén a
szerz6(k) neve szerinti betlirendben térténik.
Folyéirat esetén: szerzé(k) neve, évszém, a
cikk cime, a folyéirat neve, kétetszdm, kezd8
és befejez8 oldalszdm. Pl.: Dési, F., 1955: A
meteorolégiai kutatés idészerti kérdései. Idé-
jards 67, 656 —70. Kényv esetén: Szerz6(k) ne-
ve, évszdm, kényveim, kiad4, megjelenés helye.
Pl. Junge, C. H., 1963: Air chemistry and
radioactivity. Academic Press, New York and
London.

Abrik: A kézirat els6 példénydhoz az 4b-
rékat pausz- vagy mm-papiron, a masodikhoz
az eredeti &brdk mésolatdt kell esatolni. Az
ébrék aldirdsait kiilon lapon kell mellékelni.
Fényképek fekete-fehér szinben, fényes, kont-
rasztos mindségben nyujthaték be.

Tablazatok: A tdblazatokat rémai szdmo-

zéssal, szovegiikkel egyiitt, kiilon lapon kell
mellékelni.

Matematikai formuldk és jeldlések: A nem
latin betliket és kézzel irott jeleket a margén
ceruzéval irt magyardzattal kell ell4tni.

A szerz8k megjelent tanulményukért tisz-
teletdijat és téritésmentesen 30 db kiilénlenyo-
matot kapnak. Tobb kiilonlenyomat a szer-
26 koltségére a kézirat elkiildésével egyidejiileg
rendelhetd.

NOTES TO THE AUTHORS

The purpose of IDOJARAS is to publish
papers in the field of theoretical and applied
meteorology. These may be reports on new
results of scientific investigations or critical
review articles summarizing current problems
in certain subject. Authors may be of any
nationality but papers are published only in
Hungarian or English. Two copies of the
manuscripts, typed with double space, should
be sent to the Editorial Otfice of Iddjards. Ad-
dress: Budapest, P. 0. B. 88, H-1525, Hungary.

Papers will be subjected to constructive
criticism by unidentified literary adviers.

The manuscript should meet the following
formal requirements:

Title: Should contain the title of the paper
the name(s) of the author(s) wtih indication
of the name and address of employment.

Abstraet: Should contain the aim, method
and conclusions of the scientific investigation
on a separate page.

References: The text citation should con-
tain the name(s) of the author(s) underlined
and the year of publication. In case of one auth-
or: Réna (1909), or of the name of the author
cannot be fitted into the text: (Réna, 1909);
in case of two authors: Gamow and Cleveland
(1973); there are more than two authors: Ba-
csé et al. (1953). When referring to several
papers published in the same year by the
same author, the year of publication should be
followed by letters, a, b etc. At the end of the
paper the list of references should be arranged
alphabetically. For an article: the name(s) of
author(s), year, title of article, name of journal,
volume number, pages. E. g. Dési, F. 1955:
Current problems of meteorological research.
Id&jards 57, 65—"70. For a book: the name(s)
of author(s), year, title of book, publisher,
place of publication. E. g. Junge, C. E., 1963:
Air chemistry and radioactivily. Academie
Press, New York and London.

Figures: Should be prepared entirely in black
India ink upon transparent paper and be atta-
ched to the first copy of the manuscript; a copy
of the original figures should be attached to
the second manuscript copy. The legends of
figures should be given on a separate sheet.
Photographs of good quality may be provided
in black and white.

Tables: Should be marked by Roman num-
bers and provided on separate sheets together
with relevant captions.

Mathematical tormulas and symbols: Non-
Latin letters and hand-written marks should
be explained by making marginal notes in
pencil.

Authors are receiving 30 reprints free of
charge. Additional reprints may be ordered
at the authors expense when submitting the
manuseript.
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