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Expected levels of air pollution in pseudo-lognormal distribution

ZORKA B. VUKMIROVIC

Institute of Physics
118 Maksima Gorkog, Belgrade—Zemun, Yugoslavia

Using the longitudinal ten-year data set of the 24 SO, concentrations in
air at the Meteorological Observatory Vracdar-Belgrade, an engineering concept
is accepted for air quality assessment. The available data set represent success-
fully dominant effects on air quality of cities in a moderate climate zone.
In the case of Belgrade, which is a heavily populated area with influence of
strong single emittents, the probability of SO, occurrence is specific and cannot
be described by Larsen’s (LN—2) model. The LN—3 models according to
Mage and Weibull are applied parallely. This analysis has shown that the
preferred engineering model is Weibull’s distribution. The developed metho-
dology can be recommended for air quality assessment in the economized
monitoring systems, especially for evaluation of pollution prevention effi-
ciency.

*

A Uégszennyezettség virhatéd értékeinek: becslése pszeudologaritmikus normdl
eloszlds segitségével. Tiz év hosszusdgu kén-dioxid koncentrécié adatok segitsé-
gével statisztikus eljérdst dolgoztak ki a légszennyezettség becslésére. A 24
6rds méréseket a Vracar-Belgradi Meteorolégiai Obszervatériumban végezték.
A rendelkezésre 4116 adatbdzis kielégitéen jellemzi a mérsékelt éghajlatu nagy-
vérosok légszennyez8désének legfontosabb tulajdonsédgait. Belgrdd esetén,
amely egyedi forrasok éltal erésen befolyésolt, stir(in lakott véros, a kén-dioxid
koncentraciok eléforduldsi gyakorisdga nem irhaté le a Larsen-féle modellel.
Ezért a Mage és Weibull altal javasolt modelleket egyidejlileg alkalmaztak.
Az elvégzett vizsgélat szerint a Weibull-féle eloszléds adja a legjobb eredmé-
nyeket. A kidolgozott médszertan ajdnlhaté a légszennyezddés-megel6zés
hatékonysdgénak noveléséhez sziikséges bdrmely ellenérzé rendszernél.

1. Introduction

Belgrade is located in a moderate climate zone with a distinct temperature
difference between warm and cold seasons. The heating season lasts about six
months and mainly covers the period from October 1st till March 31st of the
following year. In order to be able to observe complete periods with heating
and without heating, the convention in Yugoslavia is to determine air quality
in one-year intervals from April 1st to March 31st.

The city of Belgrade is divided by the E-5 highway (Fig. 1), which carries
heavy traffic throughout the year, especially during the summer months, the
season of summer holidays. The urban and suburban traffic is mainly carried
out by buses. Due to the intensive car traffic the air quality has worsened in
recent years in the narrow streets of the old town.
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Fig. 1. Location of

OBRENOVAC \ < the Meteorological
Station of Vradar-

Belgrade (MS)

10km

In the immediate vicinity of Belgrade industries have grown up that are
a great source of air pollution. In the first place there is the complex of coal
fired power plants at Obrenovac (Fig. 1) with maximum power of 2000 MW
installated at the beginning of 1986. The total produced energy in six-month
intervals (with and without heating) is presented in Fig. 2. The stack heights
are not sufficient because of restrictions in the vicinity of airtraffic. The total
SO, emission is very high since waste gases are not controlled. On the other
side of Belgrade, the influence of the industrial city of Panéevo (Fig. 1.) cannot
be neglected. The urban design of Panéevo, which includes a nitrogen fertilizer
plant, a petrochemical industry and an oil refinery without cleaning of waste
gases, and all within on a small area, has caused episodes of photochemical
smog in summer months (Vukmirovié et al, 1987). Under these circumstances,
the SO, oxidation into sulfates is faster so that the concentrations in the sum-
mer season are controlled by chemical transformation processes.

TWh—

2 =%
E x-m

R | Fig. 2. Produced energy in the coal-fired
s 7 power plant ,,Nikola Tesla’ at Obrenovac




Using air trajectories it may be shown that pollutant transport from one
side of the basin to the other is a normal occurrence and that air pollution in
Belgrade is a city-wide problem (Vukmirovi¢ and Vukmirovié, 1984). Fortu-
nately, the city area is under the influence of a strong wind called the KoSava
(SE, SSE and ESE) which comes from a relatively unpolluted direction (Fig.
1). This wind usually blows one, two or seven days. The measured concentra-
tions of SO, in air masses brought by KoSava are 3—10 pg m-* in summer and
6—15 pg m-® in winter. The urban part of the city is topographically very
complex, for that reason in lower parts (below 100 m above sea-level) the posi-
tive influence of this wind is hardly felt. However, the Meteorological Station
of Vradar (MS in Fig. 1) with coordinates: Hy = 132 m, ¢ =44°48’ N and
A =20° 28’ K, is representative for investigating dominant influences. Compared
to the measured SO, concentration during a multi-year period in a network of
air quality measurements in Belgrade, this measuring site has shown an ,,ave-
rage state” (Vukovi¢, 1986). Statistical analysis of these long-term concentra-
tions data pointed to significant discrepancies from the lognormal distribution
of air pollutant concentrations according to Larsen (Vukovié, 1986). Supposing
that air pollution in Belgrade is defined by other factors the modified model
of pseudo-lognormal distribution according to Mage (1984) seems to be more
adequate description of air quality. The Weibull distribution (GOST, 1980)
has also been considered as a possible model.

2. Measurement methods

The Meteorological Station of Vracar is equipped by instruments for de-
termining meteorological parameter according to WMO standards. At the
meteorological station SO, has been measured by wet methods in 24-h air
samples (low volume). Samplings were begun at 07 b according to Centrla
European time. At the same site a Meloy SA 285 analyzer has been set up,
which is automatically calibrated every 23 h by a permeable tube with liquid
SO, (NBS). For the purpose of this work, discrete daily samples have been
analysed. In the years 1977/1978 and 1978/1979 SO, was measured by the pararo-
saniline method (Hertzendorf, 1973) and later the thorin method (KM EP, 1977)
was applied.

The sensitivity treshold is 3 pg SO, m-* and 5 pg SO, m-* for continuous

TABLE 1

Statistical parameters of the SO, distributions, where X and O, are the concentration
and coeffwzent of variation, respectwely

April 1-| Sample n‘;ﬁgh‘x Mean o X,m’ M,eXdlan Xoax (Date)
3 v - 50 N

March 31| volume ug m-? square wgm ug m= ug m—*
77/78 357 98.2 16 140 | 0.68 5 | 75 772 (Dec. 14,77)
78/79 357 116.4 23 948 | 0.77 5 88 723 (Dec. 18,78)
79/80 356 1117 19 813 | 0.59 5 89 534 (Jan. 29,80)
80/81 357 120.7 25148 | 0.73 5 83 680 (Dec. 12 & 16,80)
81/82 367 96.6 16 365 | 0.75 5 74 372 (Nov. 4,81)
82/83 360 98.1 13962 | 0.76 ) 72 904 (Dec. 7,82)
83/84 348 88.5 17382 | 1.03 b 66 6596 (Dec. 6,83)
84/85 355 101.4 15 625 | 0.52 5 88 544 (Jan. 8,85)
85/86 357 95.9 13646 | 0.48 | 10 76 342 (Dec. 6,85)
86/87 343 166.2 515684 | 0.87 5 106 930 (Dec. 4,86)
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and discrete methods, respectively. The accuracy of the applied discontinous
methods are 5%, on the 959, confidence lovel for concentration in the range
from 40 to 240 p.g SO, m-3. For concentrations outside of this ronge the error
is approximately twice larger. The discrepancies botween discontinous meth-
ods and automatic measurements were in the range of 109, on the 959, con-
fidence level.

The collection efficiency is relatively high (7'able 1) and missing data were
evenly distributed throughout the year except in the winter of 1980 when
samples were frozen on days when maximum concentrations could have be
expected.

3. Analysis and discussion

The results of measurements were first prepared in order to determine the
parameters @, b and ¢ in Mage's model (Mage, 1984) (Table 1). A striking fluc-
tuations of yearly maxima should be noted. The maxima appear as cuttings
after gaps in the distributions ard a poor fitting in the range of high percentiles
(higher than 95%,) is to be expected. An analysis of this phenomenon is not
possible with the available set because of the missing part of date..

In order to determine «, b and ¢ in Mage’s model the following statistical
parameters are used :

Probability density function f(z)

f(x) =p (A’nB’'nC’) = ABC {exp (—ax) + exp [— (a+b+c) x]—
—exp [— (a+b)x] —exp [— (a+c)x]} (1)

Pre-exponential term, ABC
ABC = [1/a+ 1/(a+b+c)—1/(a+b) —1/(a+c)]? (2)

Arithmetic mean, X

X = ABC [1/a® + 1/(a+b+c)® — 1/(a+b)2 — 1/(a+c)?] (3)
Mean square

1/N X = 2 ABC[1/a?+1/(a+ b+ ¢)*—1/(a+b)*—1/(a+c)?] (4)

Cumulative distribution function, .F(X)

(3)

e—(a+b)x e—(a+o)x @—ax e —(at+b+e)x
F(X) =1+ABC I: + — =
(a+Db) (a+c) a (a+b+c)

where x presents a single concentration. The Mage’s model is valid for a coeffi-
cient of variation, C, which satisfies: 0.33 < (2, < 1.

The data cited in Table 1 are fitted to equations 3 to 5 as a system of
non-linear equations. The observed values of median are used for F(X) = 0.5
in Eq. (5). Parameter values shown in 7'able 2 are singlet solutions of the inter-
val method calculation (Slavié, 1987). Since the coefficient of variation of
1983/1984 distribution is higher than 1, this data set is treated in a particular
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way. Also, the last distribution is bimodal (see later in Fig. 5), and a graphical
method seems to be appropriate. The choice of the graphical analysis is perfor-
med after the results obtained. are summarised.

With the assumed condition b = ¢, Eqs (2—5) could be transformed into
the following forms:

ABC = [1/a + 1/(a+2b) — 2/(a+b)]-* (6)
X = ABC [1/a® + 1/(a+ 2b)2 — 2/(a+b)?] (7)
and
—(a+b)x —ax —(a+2b)X’
o n R Y e B o (8)
(a+Db) a (a+2b)
Further simplification is possible when b = a:
X =1/a + 3/2b (9)
F(X) =1— (aX)e—ax (10)

Using Eqs. (9 and 10) the @ and b parameters for 1983/1984 and 1986/1987
are calculated (the last by a graphical method). Seven of the ten observed dist-
ributions tend to bo exponential (Table 2). The agreement between the obser-
ved and calculated values for X, is unexpectedly good, but some discrepancies
exist in the case of X,,. The lowest value of X, in 1981/1982 can be explained
by intense homogeneous chemical transformation reactions in the summer
(Vukmirovié et al., 1987).

These concentrations generally cover the season without heating when the
meteorological conditions as well as the strong single emittents mainly influ-
ence their concentration level. In addition, the accuracy of concentration deter-
minations is limited in the range of X,,. Taking into consideration all these
factors, a geometric mean of the theoretical values of X,, and Xy, is proposed

TABLE 2
Calculated parameters according to Mage’s MPLD and exponential probability model

X
te{?\;al & b=c¢ . S (Xyp- Koo)'
obs. exp. obs. exp.

7778 0.0126 0.0696 19 24 204 205 70
78/79 0.0100 0.0808 17 25 251 250 79
79/80 0.0121 0.0412 24 31 226 224 83
80/81 0.0093 0.1300 27 22 250 260 76
81/82 0.0122 0.0890 8 22 211 205 67
82/83 0.0137 0.0750 15 22 172 187 64
83/84 0.0112 0.3500 15 16 206 208 54
84/85 0.0159 0.0248 24 33 198 193 80
85/86 0.0152 0.0391 30 28 194 185 72

57%0.0068* >3 22 16 339 74
86/87 103

439,0.0068%* 0.0283% 51 400 390 141

*graphically
203



for calculation of the average state (Table 2). It is obvious that this value can
serve only as an indication. The complete average state analysis is performed
by using the Weibull probability model (GOST, 1980).

Cumulative distribution function in Weibull’s model can be presented as:

Bz} =1 — oxp [Lcw)bw for x> o, (11)

Ay

and
F(x) =0 for x < o,

After a double logarithmic transformation, Eq. (11) becomes

log[—2.3 log(1—F)] = bylog (x—c,) — by log a, (12)
F=.9999
80F
6.0
4D 078/79 c,=5
®80/81 c,=17
20} ®82/83 c,=-10
® 84/85
10
8t
6
4

-23 log(1-F)
)

1000

00
(x-cw)

Fig. 3. Graphical presentation of the SO, concentration distribu-

tions in Belgrade according to Weibull’s model (GOST, 1980)

According to the GOST standard the most suitable way for interpretation is
the moment method. It is necessary to calculate the skewness, g, :

n n —

e S
by = (n—1) (n—2s)31=1 (13)

When p, is known, b, may be determined from GOST — standard tables.
Solving the following equation for by, >1

n

Z (Xi_cw)b"_1 n

gaee————— il (14)
Z (xi_cw)b' i=144 W
i=1
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¢, can be obtained. The general formula for a, is:

Y 1/by
B = [— ¥ Az cw)b-] (15)

R =1

The iteration method is suitable for Eq. (14). For b, <1 the standard recom-
mends that ¢, = X -

Applying the moment method to the 1982/1983 data the following values
for a., bw, and c. are obtained 35.4; 0.652 and 31.9, respectively. Using the
recommendation of the GOST standard that ¢.. = X 4,;, the value of 71.5 is
obtained for a.. Both calculations are rejected for 1982/1983 in accordance
with chi-square test.

The 1982/1983 data has shown a mathematical formalism of the moment
method. In order to exclude this possibility, an additional criterion must be
introduced for the engineering application:

Oy < XB (16)

In this way cw can be graphically determined from log-log distribution curve
by extrapolating the linear part to F = 0.05.

Taking into consideration this defined criterion, the Menon’s procedure
(GOST, 1980) is applied for nine-year data set. This procedure is valid for the
sample volume, n, greater than 120.

In X;“ = 111_ i In (x;—cy) (17)
{=1
1/2
In SY =[n 4 - 3 In (xi—c,) —In XZV] (18)
—1i=1

where Xy and S} are geometric mean and standard geometric deviation of
the shifted Weibull’s distribution, respectively. By using relations:

/6
L. 8 19
LR Y - "
a, =exp (In Xy + y/by) (20)

and w/6 = 1.282555 and Eulerian constant, v = 0.57722, the values parame-
ters of a.. and b., can be calculated.
Consequently Eqgs. (19) and (20) yield:

a, = Xy - (BF)08 (21)

The results are shown in Table 3 and Fig. 3.

This analysis can show the efficiency of the measures that the variable
should not exceed the desired level. In the observed cases the maximal permit-
ted concentration (MPC) is 150 pg SO, m-? and the minimum of volations is
found in the 1982/1983 interval (Fig. 4). The slope could be tangential with
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TABLE 3
Statistical parameters according to modified Menon’s procedure (GOST, 1980)

Interval I a, b ‘ cy X SY ’DI:X",+c,,
77/78 97.3 1.093 5 57.3 3.23 62.3
78/79 110.5 1.007 5 62.2 3.58 67.2
79/80 117.4 1.310 0 75.5 2.71 75.5
80/81 102.6 0.949 iy 55.8 3.86 72.8
81/82 115.1 1.189. —b 70.8 2.94 65.8
82/83 106.2 1.696 —10 75.6 2.13 65.6
83/84 83.7 0.930 5 45.0 3.97 50.0
84/86 1111 1.441 0 74.4 2.44 74.4
85/86 92.5 1.338 10 60.1 2.60 70.1

the ordinate of X = 150—c,, if legal provisions have been satisfied. The in-
creased values of b, parameter above 1 and c.. < 0 indicate how the prevention
against high concentration occurrence was sucessful. At the same time, it
might be a sign of the warm winter.

The average state can be represented by Distribution Index (DI) which is
the geometric mean of the shifted Weibull’s distribution with addition of the
parameter c:

DI =X7 + O (22)

When ¢.. < 0, the distribution is shifted in the sense of higher values and the
average state must be reduced for the shift parameter value.

The obtained values of DI (Table 3) are very similar to predicted levels in
Table 2 (see also Fig. 4). Using Eq. (19—21) and graphically determined pa-
rameters (Fig. 5) the following values are calculated: 74, 47 and 93 for
1979/1980, 1933/1984 and 1986/1987, respectively. In a relatively short period
the average state has oscilated in wider boundaries. In the first place, this is the
consequence of the uncontrolled — meteorological factors. The prolonged
winter in 1986/1987 exhausted reserves of the good quality coal and caused an
inadequate fuel consumption for heating.

The role of the Kosava wind for air pollution levels in the atmosphere of
Belgrade (Table 4) is positively confirmed. The poor overlaping in 1986/1987
and the existence of the bimodal distribution (#%g. 5) also confirm the hypoth-

pgm3 Ni2ah)

4120

120

100

80

601 460

a0k 440

Xs0
w
® (Xgec.)

I'ig. 4. Average state of the
SO, content in air at the Me-

2F B (Xio'Xgo)t' 1  teorological Station of Vra-
& 13150 ¢ar-Belgrade in the period
: ; ' = - - - : - from April 1, 1977 to March

77/18 78/79 79/80 80/81 81/82 82/83 83/84 84/85 85/86 86/87 31, 1987
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TABLE 4
Influence of the KoSava wind on the SO, concentrations in air at Meteorological Station

of Vrabar
Number of days
Interval DI ~ Apr—Sept. Oct.—March
Kofava | x>DI | KoSava | =x<DI
80/81 73 55 43 82 28
82/83 66 64 43 80 29
83/84 50 76 43 81 28
86/87 93%* 62 22 65 15

*graphically

esis about data population in pseudo-lognormal distribution from different
sources. In the period October 1986 to the end of March 1987, an unusual low
frequency of the Kosava days was registered (Table 4) and it could be one of
the dominant factors for the bimodal distribution occurrence.

The single emittents have shown an increasing energy production (Fig. 2)
and their emission contribution (controlled factors) seoms to be greater than
positive effects of air pollution prevention measures as well as warm winters.
The maximal number of the summer SO, concentrations higher than MPC had
been registered at the Meteorological Station of Vra¢ar in the period from May
to September 1984 and 1985, when a maximal summer energy production was
reached (Fig. 2). As it can be seen (Table 3) the average state in 1979/1980
and 1984/1985 is practically the same in spite of the very different number

10

08| 200 <n < 400

06 F=098

F=095

04
- F=090

02

-02}

-04 @ B86/87

log[-2.3l0g(1-F)]

.08}

e F20,10

Fig. 5. Graphical determining para-
meters of Weibull’s distribution  ,,|
(graph) and an application of Menon’s
procedure (GOST, 1980) with graphi-
cally determined shift parameter '; i s : 5 ; =
(theor) o9 (x-cy)

- F=0,05
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of violations (Fig. 4). Taking into consideration that windows are closed in
winter, one may be concluded that the yearly dose for 1500,000 habitants was
greater in the later interval.

In order to calculate the average state tendency, the extremes are exclu-
ded and an increase of 99, for ten years is found the basis of DI values, although
values of X, and (X;,-Xg,),!/2 show a decreasing tendency for 79, and 59%,,
respectively. An enormous increasing of the values of all the statistical para-
meters in the last interval (Table 1 and Fig. 4) positively confirm the trend
calculated according to Weibull’s model.

The previous consideration indicates Weibull’s model as favorable for
describing expected levels of air pollution in pseudo-lognormal distributions.
When a theoretical approach is difficult or impossible, a partial graphical sol-
ving allows an air quality assessment to be put into a compatible system (Fig.
5). Beside that, the graphical presentation in log-log scale is very appropriate
for data consistence test (Figs. 3 and 5).

4. Conclusion

The principal characteristics of the SO, concentration distribution in the
atmosphere of a city in a moderate climate zone are illustrated. The average
state differs from the median and in most cases from the geometric mean. The
3-parameter models of pseudo-lognormal distribution according to Mage (1984)
and Weibull (see GOST, 1980) are tested; respectively. However, Mage’s
model cannot afford an explicite analytical term for describing average state.
Vice versa, the special feature of Weibull’s model is that of having an opportu-
nity to determine the shift parameter value graphically and to apply Menon’s
procedure (GOST, 1980) of the theorotical approach to calculating the geomet-
ric mean of the shifted distribution.

The geometric mean of the shifted pseudo-lognormal distribution with
addition of the shift parameter value signed plus or minus is proposed for the
average state assessment. This distribution index (DI) satisfactorily accommo-
dates the effects of controlled and uncontrolled factors into a compatible system
and therefore it seems to be favorable for trend analysis.
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Impact of the developments in the World Weather Watch
on weather forecasting in Hungary*

A. KAPOVITS

Central Institute for Weather Forecasting
H—1675 Budapest, P.O.Box 32

Developments in the WWW are reviewed in brief. In parallel, progress
of weather forecasting in Hungary is presented and some impacts of the WWW
on the Hungarian operational practices are highlighted.

*

Az Idéjardasi Vildgszolgdalat (WWW) fejlédéséncl: hatdsa a magyarorszdgi
wdbjdrdas-eldrejelzés gyakorlatara. A szerzé roviden attekinti az Idéjarasi Vildg-
szolgalat fejlédését. Ezzel parhuzamosan bemutatja a magyarorszdagi id6jaras
elorejelzése gyakorlatdnak alakuldsét, rdmutatva, hogy a WWW fejlodése
milyen médon hatott erre a folyamatra.

1. The development of the World Weather Watch

The primary purpose of the WWW, the concept of which was adopted
by the Fourth World Meteorological Congress in 1963, is to provide observatio-
nal meteorological data and processed products to all Members of the WMO in
support of their services to users in real-time and non-real-time operations.
The WWW has a three level structure, it organizes the observing, data pro-
cessing and telecommunication systems at national, regional and global levels.

Taking into account the whole spectrum of weather phenomena, and the
requirements for weather forecasts on all scales, the necessary mechanisms
have been defined on the basis of a system approach. By the end of the sixties
the major components of the basic systems were put into operation, including
the surface-based and space-based subsystems, the network of international
meteorological centres for the processing of observational data and preparation
of analysis and forecasts products, and the telecommunication facilities and
arrangements necessary for the rapid and reliable collection and distribution
of the required observational data and products. The WWW has influenced
the meteorological services of the Member countries in many ways; the system
approach became widely adopted and an internationally co-ordinated planning
and cooperation activity for WWW implementation gained strength.

There was a long period of time up to the eighties when it was thought that
100%, of availability of observational data at the centres, or a figure close to

* Revised version of the paper presented to the XTIth Joint Session of the Hungarian
and Czechoslovak Meteorological Societies, August 1989, Gdollé, Hungary
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that, would be a goal of the implementation of the WWW. Monitoring the
status of the WWW through many years (see in the Series of WWW Status
Reports on Implementation) has revealed, however, that a 100%, implementation
can not be achieved. It was also shown that meeting the requirements does not
change very much from year to year in a given region, whereas the performance
may greatly differ from one region to the other, depending in the economic-
technical conditions of the Member countries.

In the meantime there was a rapid development of communications and
of computer and display technology, all based on the evolution of solid state
integrated circuits, coupled with improvements in both in-situ sensors and
remote sensing from satellites. As a result of all these, the space-based observ-
ing subsystem consisting of a set of polarorbiting and geostationary satellites
(although not exactly as it was planned) was completed by the mid-seventies
and the surface-based subsystem by the early eighties was enriched by systems
of fixed and drifting buoys of different kind over the oceans. Weather radar
networks and an increasing number of telemetering observing stations were
deployed on land.

In order to include all the data from different sources in the international
data transmission speed had to be increased from a few hundreds of bps up to
9600 bps or several times more, a subset of protocols had to be used for access
to a variety of services and incorporation of data collection and data distribu-
tion capabilities of satellites in telecommunication became advisable. Parallel
to this progress, methods for complex analysis of data from different sources
have been developed and some forecast centres have reached the capability of
issuing NWP products for periods up to five-seven days in advance (Bengtsson,
1986).

The First GARP Global Experiment in 1978—1979 and its subsequent
subprogrammes (Gétz, 1977) played an essential role in achieving these results
and gave stimulus to revising and modernizing of the basic systems which
process led to the concept of an integrated WWW that is capable to incorporate
the results of new methodology and techniques. Certain support functions
like data management, implementation support activity and co-ordination
contributed to the success of such an integrated WWW.

The evaluation of the status and performance of the WWW system can
be done in various ways. The system can be characterized by the number of
observing stations reporting, or by the variety of data sources. It can be eval-
uated according to the data colume circulating in the system or by the speed
and reliability of data transmission. The system can also be characterized by
the quantity and quality of the processed numerical products provided. If one
wants to demonstrate the developments by the increase of numerical products
processed and disseminated on the GTS by international meteorologioal centres,
one can show that the number of products has been multiplied during the past
10—15 years (for example, number of products of RSMC Bracknell is nine
times and that of WMC Washington is three times as much as compared
to that in 1975).

As far as the improvement in quality of forecasts is concerned there has
been some improvement in short-range forecast for 1—2 days ahead but the
greatest advance has been made in the provision of reliable medium-range
forecast for up to 4—5 days ahead, together with useful guidance for up to
6—717 days. Whilst the numerical forecast, especially the surface forecasts, are
far from perfect and can usually be improved significantly by intervention of
the human forecaster, they have led to a greater degree of continuity, consist-
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ency and confidence in even the short-range forecasts, as compared to fore-
casts which depended entirely on personal experience, skill and judgment of
the forecasters.

The improvements outlined above were due to developments in the whole
system, and in particular to the progress made in the field of computer tech-
niques and numerical weather prediction, including both the model and the
data assimilation system. The ECMWEF can be mentioned first in this respect
which currently distributes over 10 000 products each day (Bengtsson, 1986).

It is also of great significance that beside the reliable transmission by
facsimile of the products in large numbers, transmission of products in some
forms (GRID or GRIB) of gridded fields has been succesfully introduced in
telecommunication. This made further processing possible for interpretation
purposes and for input to physical models.

2. Developments in weather forecasting in Hungary

Developments of the WWW, directly or indirectly, have influence on the
activities of the NMCs. It is the Central Institute for Weather Forecasting
that performs the duties of a NMC in Hungary. Its primary task is to provide
weather forecasts on the whole spectrum of predictability to the general pub-
lic, the governmental authorities and the different spheres of the national
economy.

In the course of weather forecasting practices over almost one hundred
years in Hungary, synoptic methods based on the analysis of weather situations
were dominating till the early sixties for preparing short-range weather fore-
casts. There was a period between 1947 and 1968 during which medium-range
weather forecasts for the next two weeks, made on the basis of periodicities in
certain weather elements, were issued.

A very characteristic feature of the Hungarian weather forecasting prac-
tices has been, for more than fifty years now, a severe weather warning service
in summer at Lake Balaton, for the protection of life and property (Bojti and
Mezisi, 1984). Introduction into the operational practice in the fifties and
early sixties of the so-called advective-dynamic analysis and the intensive
investigations in the sixties on mesosynoptic weather phenomena made sig-
nificant contributions to weather warnings in the region (Gétz et al., 1966).

From the late sixties the Hungarian forecasters’ work was supported by
weather radar observations and meteorological satellite information. By this
time a staff of 20—30 meteorologists, with a university degree and with expe-
rience of a few years in weather forecasting, worked for the institute. These
were the conditions in Hungary before starting the WWW programme of the
WMO.

It was very fortunate for the meteorologists in Hungary that the promul-
gation of the new economic policy by the Hungarian government coincided
in time with the first years of the implementation of the WWW. The new
economic policy encouraged the provision of services to a wide range of social
and economic users in order to promote development. For this it was necessary
todevelop a policy and a cost-recovery scheme for funding special value added
services on contractual basis. We began to deal systematically with the promo-
tion of the use of weather forcasts in the national economy (Czelnai, 1976)
and established contacts with the potential users of our products. As a con-
sequence of our efforts to explore and meet users’ requirements lots of new
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forecasting methods have been developed. An increasing number of reliable
numerical products from international meteorological centres greatly contri-
buted to the success of this work, beside a marked progress in the observing
and telecommunication systems.

Several factors converged to make the seventies a turning point in weather
forecasting in Hungary. A new way of thinking in terms of systems, and system
approach to the WWW, was gradually evolving and commonly accepted. The
new concepts are well documented in the long-term plan of the Hungarian
Meteorological Service which covered the years up to 1990. The concept of
development of weather forecasts had been considered in detail. The conclusion
was to increase weather forecasting skill by the use of regular verification and
to put an increasing emphasis on widening the information content of weather
forecasts. This led to the increasing of the number of useful statements on
expected weather in weather forecasts to meet a wide range of users require-
ments. Weather forecasting was extended over the whole spectrum of predict-
ability, to include also medium and long-range forecasts and even seasonal
forecasts which became a common practice in Hungary.

Techniques for weather warnings at Lake Balaton were also further devel-
oped. Estimates of crop yields were introduced into operational practice for
agricultural purposes (Kmetykd, 1979). Bio- and medical-meteorological weath-
er warnings and quantitative precipitation forecasts for the catchment areas
of the Danube and Tisza rivers became an everyday practice (Bodolainé Jakus,
1976).

Modernization of our weather forecasting system has been promoted by
external factors. Perhaps the availability of reliable NWP products issued by
the GDPS centres can be mentioned first, and the distribution of these products
in the form of gridded fields making possible their further processing can be
added (Kapitiny and Maller, 1989). Automation of cur telecommunication
center in 1978, based on an IBM System/7 computer with a software system
developed by our own staff played the key role in this process. In order to
properly use all the data and products available, all the weather maps, used in
our operational work, were standardized (7'6th and Vesza, 1983) and maps
of polar stereographic projection have been exclusively used since 1982. In
connection with the above-mentioned progress an upswing can be observed in
researches into the statistical properties of meteorological fields and in the
use of their regularities, especially for medium- and long-range forecasts
(Péczely, 1957; Maller et al., 1986 ; Bartholy and Kaba, 1987 ; T'itkos and Maller,
1979; Gotz and Kaba, 1986). Interpretation of the meteorological fields by the
aid of PPM techniques became widely used for short-range predictions (Aigner,
1979). The basic approach is to use statistical techniques to develop equations
which translate the output of the numerical models into local weather infor-
mation (ELAN). This is already the transition, however, leading from the sev-
enties onto the eighties.

At the very beginning of this decade a multipurpose national weather radar
network was implemented for weather warnings and very-short-range forecast-
ing in the service of the general public and the national economy, especially of
aviation and hydrology (Kapovits, 1984). By this time application of satellite
information came into general use by means of local SDUSs capable for the
reception of the analogue METEOSAT images and for making enhancement
and motion picture in loops. Inclusion of the remotely sensed data in weather
analysis led to experiences in complex analysis and gave impetus to develop
a nowcasting system (OLVR) the basic concept of which had been elaborated
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long ago (Vissy, 1981). These observing systems have the inherent capability
of describing the flow and the thermodynamie structure of the atmosphere with
much higher resolution than cen be envisaged with conventional networks
and provide significant information for conducting weather warnings, meso-
scale weather forecasting, including quantitative precipitation forecast in
flash-flood conditions and for initializing limited area and fine-mesh models
(Bartha, 1987; Bonta and Takdcs, 1988; Dévényi, 1987).

Preparation and distribution of hundreds of weather forecasts create an
exhausting burden on the synoptic meteorologists every day. In order to ease
their work an inexpencive interastive system (GROG) has been developed for
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Fig. 1. Operational system of the Hungarian NMC

tailoring and distributing weather forecasts (Aigner et al., 1988). A few hours
hard work of two forecasters can be accomplished in half an hour or so with
the help of this system. Still keeping in mind facilitating the synoptic activity,
telecommunication based on the data management concept has been restruc-
tured by assingning pre-processing of data to its task (decoding, plotting, ana-
lysing the different data and data fields and presenting them in pictorial form
on maps, graphs or displays to the forecasters). All this is done by a set of
microcomputers. This forms part of a LAN which is in the development phase,
throuzh which all the work-stations of the institute will have a direct access to
the products produced by any station of LAN (Fig. 1).

By the time when all this will be done, the weather forecasters’ working
places will completely change into automated work-stations where paper work
will be replaced by the use of keyboards and displays. Development of weather
forecasting in Hungary in this decade has become characterized by the every-
day use of automation devices based on microcomputer techniques. These
techniques make possible the rapid processing of data sets from conventional
and new sources in many convenient forms and also the rapid distribution of
the products, while scores of programmes requiring much computation can
easily be applied.

Computer technique for weather forecasting was applied in our institute
first for long-range forecasting on an IBM 370/155 computer hired from the
National Center of Statistics. Now these programmes are run on the BASF
7/61 computer of the Computer Center of the Hungarian Meteorological Serv-
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ice. An extended use of microcomputers remained, however, the main feature
of our practice. In the next phase, our attention is going to be focussed on
the use of a mainframe computer for the operational running of a Limited Area
Model (LAM), acquired most recently from the SMHI. The BASF 7/61 com-
puter of the HMS will be just sufficiently powerful for that task.

3. Colcluding remarks

Summing up the overall result of the developments in the Hungarian
national weather forecasting practices during the past two decades, we may
say that our forecasts, disseminated through the mass media meet the needs
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Fig. 2. Skill of medium-range forecasts (2—5 days) of
extreme temperatures in Hungary (Average values of rela-
tive frequency of forecasts for which |T,,,—7 s <2 °C)

of the public at large (Vissy, 1988) and are received with general statisfaction.
The same can be said about our value added services for the various user groups
in our national economy. Their statisfaction with forecasts is demonstrated by
an increasing contractual income of our institute that has been multiplied
and reached the two thirds or our budget in the last year, in spite of the wors-
ening economic conditions.
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The prestige of our forecasts becomes increasingly established, they gradu-
ally improve, and we are in the position to meet an increasing variety of users’
requirements. Verification is a usefull instrument to justify this statement.
Different verification statistics (Koppdny, 1975; Koppdny et al., 1977) have
been tried in practice, generally on samples (Koppdny and Sallai, 1984, Kapi-
tany and Maller, 1989) and most recently on-going verification of selected fore-
cast elements of short- and medium-range has been introduced. Figure 2 provi-
des a good illustration for the increasing improvement of medium-range weath-
er forecasts.

The impacts of the development of the WWW system have been decisive
on the Hungarian weather forecasting practices which are summarized in this
presentation. In addition, even the limited technology transfer, that has been
possible through the active partipitation of our experts in various commissions,
working groups, and study groups of WMO, thrcugh attending seminars,
symposia and workshops, and through the very few foreign experts’ visits to
Hungary, played a very important role. Development of more concrete forms
of international co-operation provided access to data bases and new NWP
products, including the acquisition of the LAM from the SMHI, which shall
have significant influence on our operational work.

Beside the achievements summarized above there is a lot of tasks that
remains to be done, especially in the full use of the data availableon the GT'S,
in quality control and monitoring of the data flo wand in the development of our
telecommunication system. It is also clear that while we have the benefits
from the WWW we also have international obligations to contribute through
our observational data and through taking part in the development and imple-
mentation of the integrated WWW, to the extent permitted by our possibilities
and capabilities.
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On the size distribution of natural radioactive aerosol particles
issued from *°Rn in the atmosphere

K. BONIS

Department of Meteorology, Ebtvos Lordnd University
H—1083 Budapest, Kun Béla tér 2.

The size distribution of the beta radioactivity and mass concentration
of aerosol particles were determined on the basis of samplings carried out in the
Institute for Atmospheric Physics (Budapest, Hungary) between May 1980 and
February 1982. It was found that high aerosol mass concentration is measured
in the case of low wind velocity, low air temperature and isotherm or inverse
thermal stratification. The highest concentrations are to be expected on calm,
cold and dry winter days. The natural radioactivity of fine aerosol particles
issued from thoron (220Rn) is in correlation with weather parameters, namely
with the condition of soil, air temperature, relative humidity and mixing depth.

*

220 Rn-bél szdrmazé természetes radioaktiv aeroszol részecskék nagysdg szerinti
eloszldsa a levegbben. A 1égkori aeroszol részecskék béta radioaktivitédsdnak
és tomeg koncentrdcidéjdnak nagysdg szerinti eloszldsét a szerz6 a Kozponti
Légkorfizikai Intézetben 1980 médjusa és 1982 februdrja kozott vett mintédk
alapjén hatdrozta meg. Megéllapftotta, hogy magas témeg-koncentrécidk
alacsony szélsebesség, alacsony légh6mérséklet, illetve izoterm vagy inverzids
légkori rétegz6dés esetén mérhetdk. A legmagasabb koncentrécidk csendes, hi-
deg és széraz napokon vérhaték. A 20Rn-bél szérmazé, & finom részecskéken
16v6 természetes radioaktivitds szintén kapcesolatban van az id6jardsi elemekkel,
igy a talaj éllapotdval, a levegé hémérsékletével és nedvességével, valamint
a keveredési réteg magassdgéval.

Introduction. The aim of this work is to present the result of measurements
of the size distribution of beta radioactivity and mass concentration in atmos-
pheric aerosol as well as to determine the seasonal changes in their size distri-
bution. An approximate calculation is made about the amount of mass and
beta activity of particles of various size deposited in the human respiratory
trast. Finally, some correlations are found between the mass and activity con-
centration of fine and coarse particles and different weather parameters.

1. Sampling and measurements
The aerosol samples were taken by a high volume cascade impactor (Type

SIERRA 235, USA), with a flow rate of 50 m?® hour-*. A filter was placed be-
hind the fifth stage of the impactor to capture unimpacted small particles,

* Deceased
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TABLE 1

The annual mean values of the mass and radioactivity of aerosol particles measured in six
stages, and their relative values in fine and coarse particle size ranges

Annual mean
Stave Radius interval absolute values Mass Activity
g pm mass activity Y% %
ugm?® mBgm®
B 1 >3.6 16.70 ’ 0.53
gt 2 1.5-3.6 20.41 0.49 32.5 6.0
8 2 3 0.76—1.3 18.00 117
-
L 4 0.48—0.75 22.73 3.63
=~ 5 0.256—0.48 27.20 8.07 67.5 94.0
"S’ 6 <0.26 64.47 22.89
<2
Sum 169.51 36.78

In this way it was possible to determine the mass and radioactivity of aerosol
particles in size intervals (see 7'able 1). The cover of impactor slides and the
filter of last stage are, all fiberglass filteres (BGI Fiberglass Filter Paper, Ca-
talog No. 25/810, USA). The filter size is 22.7 X 18.0 cm? and its efficiency is
989, for particles of 0.05 pm size, while for larger ones the collection efficiency
is practically 1009,.

The samplings were carried out between May 1980 and February 1982 in
the garden of the Institute for Atmospheric Physics. The Institute is located
in suburb of Budapest, south-east of the city centre. The garden is covered by
grass and the samples were taken at a height of 1 m. Samplings were carried
out every sixth day from 8 a.m. to 8 a.m. on the next day. During this time
1200 m? of air was sampled. In nearly two years 85 samples were taken in an
approximately equal seasonal distribution.

The mass concentration of particles in each size interval was measured
gravimetrically after drying the samples during 24 hours. The total beta acti-
vity of the aerosol was measured after the mass measurement, practically 24
hours after the end of the sampling. These activity values are used in our work
without any correction. The activity measured at this time delay originates
from natural soil exhalation of thoron decay products, mostly from ThB (Pb?2)
isotopes because of the much shorter life time of radon species of soil origin.
It is noted that at the beginnings of eighties the artificial radioactivity from
atmospheric weapon test and atomic power plants was negligibly low as compa.-
red to the natural radioactivity of the air (Bdnis, 1980).

2. Results

The annual mean values of the mass and activity of aerosol particles in
each stages are given in 7T'able 1. Also summarized are the mass and activity,
in percents for coarse and fine particles. It is possible to compare the mass
concentration for 1980—82 to that measured in 1965 by Mészdros (1966) at the
same place. The yearly mean mass of aerosol was then 116 umg-3 68%, of
our result. If this is not due to the differences in procedures this comparison
shows an important increase in the mass of atmospheric aerosol during 15
years.
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TABLE 2

The seasonal averages of total mass and activity of aerosol particles in values
relative to the annual mean (1009%,)

. Mot}ss Actgvxty Saason Méiss Act;vxty
. /o (] % A)
Spring 94 135 1 Fall 89 103
Summer 83 109 | Winter 134 53

The relatively high number of measurements makes it possible to separate
the results for different seasons. T'able 2 contains the seasonal averages of the
total mass contcentration and activity in percents of the anual means.
The different seasonal variations of the two parameters are obviosuly caused
by their different origin. Thus, the mass of the aerosol has its maximum value
in winter, while the beta activity has a maximum in spring.

In an earlier work (Bdnis, 1968) the seasonal distribution of the mass of
particles was found to be very similar to the variation presented in this paper.
In the earlier work from spring to winter the percentage values were 92, 74, 94
and 1409, of the annual mean mass concentration, which was 114.8 pgm-? at
that time very similarly to that found by Mészdros (1966).

The cumulative size distribution averaged for all the measurements are
shown in Fig. 1, while the annual mass median radius is 0.43 pm and activity
median diameter is 0.20 pm. The seasonal variability is very small both for
mass and activity median radius.

The size distributions of radioactive aerosol particles in the atmospheric
environment as measured by Maschek et al. (1981) in a similar way show that
859%, of beta activity belongs to the fine particles. This finding is in a good ag-
reement with our value of 949, (r < 0.75 pm), as well as with the result of
Renouz (1987) relative to radon 222.

To have a more detailed picture about the size spectra of the mass and
activity of particles the size distributions in differential form dn/d(lgr) were
also calculated. The differential size distributions of the mass and acticity in
different seasons can be seen in Fig. 2.

Each distribution has its maximum value in the size interval of fine par-
ticles. The distribution of the mass of particles has a maximum in each season
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Fig. 2. Differential size distribution of the mass (a) and activity (b) in different seasons

in the radius interval of 0.49 < r < 0.75 pm, while the distribution of natural
radioactivity has & maximum in the range of 0.25 < r << 0.49 um. The results
of our size distribution measurements will be discussed im some detail in the
next paragraph.

3. Discussions

As one can see from Fig. 2. the size distributions of the mass and activity
of aerosol particles differ from each other substantially. Therefore the specific
activity varies strongly with the particle size, see Fig. 3. (Specific activity is
the activity of unit mass of aerosol of certain size). Practically the speciife
activity of fine particles is ten times greater than that of coarse particles,
except in winter when the corresponding ratio is three.

, The different size distributions of the mass and activity have an important
consequence: different part of the mass and activity are deposited in human

Bq/g
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»
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6.1 10 10 Fig. 3. The specific natural activity as a
npm function of the particle size
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Fig. 4. The deposition of mass (a) and activity (b) of particles of different size in human

deep lung [1: annual mean size distribution of the mass (a) and activity (b) of particles,

2: particles deposited in the respiratory system, 3: the probability function — in % —
for deposition of particles of different size].

respiratory tract. The probability function for the deposition of particles of
various size in ,,deep lung”, in alveolar area is taken from Briblecombe (1986).
The deposition in nasal cavity and trachea is neglected. The result of deposition
calculated on the basis ¢f the mean aerosol size distribution are represented in
Fig. 4. The deposited fraction of natural radioactivity is 289, in contrast with
the 389, of particle mass taking into account the size distributions up to 3 um
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Fig. 5. The size distribution of the mass of aerosol particles in winter months (a); in

spring and summer months (b) [1: average distribution of all winter measurements,

2: distribution if the mass concentrations are greater than 200 ugm™2 (12 days), 3: distri-

bution in very polluted days, if m>350 pgm=2 (5 days), 4: averaged size distribution,

5 distribution if mass concentration were greater than 200 pgm=3 (7 days), 6: distribution
in clean days, if m <100 yugm=3 (8 days)].
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radius. It can be seen that the deposition of micron-sized particles in the ,,deep
lung” is very probable. However, both mass and activity size distribution of
particles have maximum in the size interval below 0.75 pm radius, therefore
the deposited fraction is relatively smaill.

Beside the annual mear size distribution, we tried to determine it for
,,polluted” and ,,clean’’ days. When the total mass of particles was higher than
200 pgm -3, the day was considered polluted. In winter there were 12 such days.
On 5 of them the mass concentration was higher then 350 ugm -2. In spring and
summer 7 polluted days were found with mass concentraticns between 200
and 300 ugm-3. On the other hand on 8 clean days the mass concentration was
less than 100 pgm-3. In autumn only 2 clean days occured, therefore we dont
deal with them. The calculated size distributions for the above cases are plotted

Zda |
dlgr

Fig. 6. Size distribution of the radio-

activity of aerosol particles in winter,

(1: average distribution in winter, 2: ac-

tivity distribution on snow-covered days

with m>200 pgm™, 3: activity distribu-
tion on snow-covered days with

r pm m<200 pgm3).

in Fig. 5. On polluted days in winter the mass size distribution has a very sharp
maximum, in contrast with polluted days in spring and summer, when the size
distribution has a second maximum in the interval of coarse particles. In spring
and summer on clean days the size distributions are similar to the seasonal
average spectrum.

For the same days the size distribution of the radioactivity was also deter-
mined. In winter season we had difficulties because of the high standard devi-
ations of the activity on polluted days. The standard deviation related to mean
activity was 899, if the mass concentrations were above 200 pgm -* and it was
729, for cases with concentrations above 350 ugm-%. Because of this uncer-
tainty the size distributions measured in winter are not discussed. Insummertime
the relative standard deviatior drops to 259, on polluted days and to 53%, on
clean days, but the size distributions are similar (see Fig. 6).

Returning to winter season we note that the high standard deviation of
the activity on polluted days shows that the activity is independent of the
degree of particulate pollution. The important role of the ground state in the
production of natural activity in the surface air was demonstrated in our earlier
publication (Bdnis, 1980). Therefore, if in winter the 3 days without snow-
cover are not considered, the relative standard deviation of the activity on
polluted days diminishes to 429, from the original value cf 89%,. To gain fur-
ther insight into the role of snow-cover the size distributions and the activity
summarized according to the particle size on winter-days with mass concentra-
tion less than and above 200 pgm-® were also determined. These size distri-
butions can be seen in Fig. 6. The size distribution of the radioactivity on days
with mass concentration less than 200 ugm - practically does not differ from
that in the case of more than 200 ugm - though the mass concentrations differ
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TABLE 3
Mass and radioactivity of aerosol particles in winter and in special winter days

el T % mBgm™? %

Winter mean 20 227.8 100 19.7 100

>200 pgm° 12 306.9 135 29.4 149

>3560 pgm™? 5 422.4 185 31.7 161
All days with

snow-cower 9 293.7 129 15.9 81

Snow cover
and <200 ygm=3 5 165.9 73 14.8 75

from each other substantially. All the data of mass concentrations and activities
mentioned above are tabulated in T'able 3, where the percentage values related
to the seasonal averages are also given.

In a first approximation one could suppose that low concentrations on
clean spring and summer days are caused by the scavenging effect of intensive
precipitation. Among our data we found four days with more than 8§ mm rain in
24 hours. However, only three days with large precipitation can be found out
of the 8 clean days. This means that scavenging is not a primary cause of small
mass concentration of particles. This implies that other meteorological pa-
rameters also influence the concentration. One can further study this problem
in Fig. 7. It should be noted that low activity is caused both by scavenging
and hindered exhalation from soil because of its wet state.

To recognize the complex effect of weather parameters on mass and ra-
dioactivity of aercsol, we determined the correlation between aerosol mass
concentration and beta activity, as well as the following average daily para-
meters: wind velocity, air temperature, visibility, maximal mixing depth,
relative humidity, cloudiness and temperature gradient. It was found that at
a significance level of 19, both the mass and radioactivity correlate with a lot
of meteorological parameters mentioned (7'able 4). The correlations were cal-
culated for two size intervals: for fine particles (4—5—6 stages) and for coarse
particles (1—2—3 stages). Considering the mass concentration, for fine and
coarse particles the sign of correlation coefficients agrees one with the other,
except in the case of wind velocity.

TABLE 4
Correlations between aerosol mass and activity and different weather parameters
Mass Activity
Weasthor fine coarse fine coarse
parameter . .
particles particles
Wind velocity . 43, .
Air temperature — Lo 4 .
Visibility = =5 . =
Max. mixing depth . . A1 .
Relative humidity . . e .
Cloudiness . e .
Temperature gradient -+ + il 1l
Note: The signs + and — denote positive and negative correlation, respectively, while

cases without correlation are denoted by a point.
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On the other hand, the beta activities of fine and coarse particles have
correlations of the same gign only for wind velocity and temperature gradient.
For other cases only the activity in one of the two size intervals correlates
with a certain parameter.

The cause of this different connection with weather parameters is surely
due to the different sources of mass concentration and beta activity. As we
have mentioned, the beta activity measured is practically of natural, soil origin,
but the total mass is controlled in each season by anthropogenic sources as well.

T —m,;ng— b) i
200 |-
1501-
100
50(-

T“le

Fig. 7. The effect of intensive rainfall on the size distribution of mass (a) and activity (b)
of aerosol particles in spring and summer (1: average distribution, 2: distribution of four
days with precipitation amount larger than 8 mm on 24 hours).

Summarizing this correlation studies we can conclude that high aerosol
mass concentration is formed in the case of small wind velocity, low air tem-
perature and isotherm or inverse thermal stratification, without precipitation.
Practically the highest concentrations are to be expected on calm, cold and
dry winter days, as we have detected in our measuring period in late November
and December and most frequently in January.

The natural radioactivity of fine aerosol particles has an other set of
correlations with weather parameters. It is mostly regulated by soil state due
to the well-known fact that wet or snow covered soil decreases the rate of
exhalation, while high air temperature, large mixing depth and low relative
humidity make increased exhalation in the summer half-year possible.

This indicates that in winter when in human respiratory system a large
amount of inhaled suspended aerosol particles is deposited, the natural beta
activity of the particles is low.
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A global 2D model on the distribution and deposition
of sulfur compounds
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The paper discusses the global distribution and deposition of H,S, DMS,
CS,, CO8, 80, and sulfate by means of a 2D model. The model contains the
parameterization of convective exchanges which play significant role in the
vertical transport of reduced S compounds with short residence time. Higher
S0, mixing ratio observed in the free troposphere over remote areas originates
from the oxidation of these reduced compounds. An estimation for the modifi-
cation in sulfur deposition between 30—60° N as a result of possible SO, emissi-
on increase or decrease is also given.

*

A kén-vegyiiletek globalis eloszldsdnak és iilepedésének két-dimenziés mo-
dellje. Munkdnkban a H,S, DMS, CS,, COS, SO, és a szulfit globslis eloszldsat
és iilepedését vizsgdljuk egy 2-dimenzids kémiai-meteorolégiai modell segitsé-
gével. A modell a konvektiv kicserél6dés parametrizécidjat is tartalmazza,
amely meghatérozo szerepet jatszik a rovid tartézkodési idejli redukélt kén-
vegyiiletek vertikdlis transzportjdban. Az O6cedni héttérteriiletek felett a
szabad troposzférdban megfigyelheté magasabb SO, koncentrécié ezeknek a
redukélt kén-vegytileteknek az oxiddcidja sordn alakul ki. Megbecsiiltiik a kén-
iilepedés vérhaté médosuldsét a 30—60° N kozott, amely az SO, kibocsstds
esetleges novekedésének vagy csokkenésének hatdséra jonne létre.

Introduction. In the latest years several chemical-meteorological models
have been developed for the determination of spatial distribution of sulfur
compounds in the troposphere. The first representatives of both 1D and 2D
models were based on the eddy diffusion parameterization where the vertical
mixing is described as a continual, slow seeping process carried out by essen-
tially unorganized motions (e.g. Sze and Ko, 1980; Rodhe and Isaksen, 1980).
In reality, most vertical mixing occurs in relatively isolated events of great
rapidity. The first attempt for taking into consideration the effect of these
motions on the distribution of SO, was made by Chatfield and Crutzen (1984).
This model works on a limited area on the tropics. Olofsson (1988) combined
the K,, parameterization with the numerical description of vertical redistribu-
tion by clouds and modelled the spatial distribution of Kr—85, Rn—222 and
SO, using a simple reaction scheme for this latter gas.

Our aim is to try to calculate the global distribution and deposition of all
important tropospheric S compounds (H,S: DMS, CS,, COS, SO, and sulfate)
using a detalied chemical mechanism and the parameterization of convective
exchanges introduced by Olofsson (1988).
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1. Model construction

The homogeneous chemical reactions involved in our model have been
compiled on the basis of the papers of CODAT A (1982), Graedel (1979), Ravis-
hankara et al. (1980), Jones et al. (1983) and Calvert et al. (1985). The parameters
of liquid phase transformation of SO, is taken from Rodhe and Isaksen (1980).
The data referring to precipitationscavenging of SO, and sulfate have been
adopted from Isaksen and Rodhe (1978). The values of dry deposition velocities
have been compiled on the basis of different authors’ papers (Liss and Slater,
1974; Judeikis and Wren, 1977; Moller, 1983). It has been found that both wet

F cs :
cs,
‘ {

# HSO3 [— S03 =1 SO,

e DMS [
[ Biosphere + human activity q
Natural ‘| Anthropogenic Chemical | Dry and wet
sources | sources reactions deposition

Fig. 1. Schematic diagram of the atmospheric sulfur cycle

and dry depositions play important role only in the case of SO, and sulfate so
they can be neglected at reduced sulfur compounds. The schematic block-dia-
gram of chemical reactions and emission as well as deposition is shown in
Fig. 1. The parameters of chemical transformations and deposition processes
can be seen in 7T'able 1.

The box-model extends from pole to pole with a horizontal grid distance
of 10 and a vertical of 2 km from the Earth’s surface up to 12 km. For the
determination of sulfur species’ mixing ratios in different heights and latitudes
the following equations are used:
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where ¢; is the number density of the component considered, ¢ is the latitude,
a is the Earth’s radius, M is the number density of air. » and w are the velocity
components in the meridional and vertical directions, respectively. K . and
K,, are the eddy diffusion coefficients. Lyc; and P; reperesent the removal and
production processes. In addition to these terms the vertical redistribution by
convective clouds has been introduced (Olofsson, 1988):

Ci ¢ a(c; w,
b _p (s _daw @
ot M | P | 0z
TABLE 1
Parameters of chemical transformation equations and deposition processes used in model
calculations
R 1 | H,S+O0H - H,0+HS k, = 1.1E—11 exp(—255/T)
HS+0, - OH+SO0

R 2 | DMS+0H - 80, (409, yield) k, = 5.5E—12 exp(179/T)

— CH,SO,0H and other

products (60% yield)

R 3| C8,+0 — CS+80 kg, = 1.8E—11 exp(—530/T)

- COS+8 ky, = 1.8E—12 exp(—530/T)
R 4 | CS,+0OH - COS4-80, k, = 1.6E—13
R 5 | COS+0OH - 80, k, = 8.6E—15
R 6 | SO+0, - S0,+0 ks = 6.0E—13 exp(—3300/T)
R 7} 8+0, - L0 k, = 2.3E—12
R 8 | SO,+0H+M — HSO,+M kg = 3.0E—31 (T/300)~%*°
R 9 | HSO,+O, - 80,4+HO, k, = bE—I11

SO,+NH,0 — product

R10 | HSO,4+OH  — product k,, = 1.1IE—11
R11 | 8O, — liquid phase — product k;, <3E—6
R12 | SO, — precipitation scavenging k;, <1E—6
R13 | SO, — precipitation scavenging k,; <4E—6

S0, dry deposition 0.8 ems™ (continent) 0.5 cms™ (sea)
SO, dry deposition 0.1 cms™ (continent) 0.05 cms™ (sea)

(Rate constants are expressed in units of cm3s™! for two body reactions, cm®~1 for three
body reactions and s~ for ky,, k;, and k,,.)

where F; is the prescribed airflow into the gridbox due to the cloud transport
calculated on the basis of global statistics of synoptic observations. ¢; ;_,is the
volume mixing ratio at the bottom level and wj is the compensating subsidence
velocity. Equations (1) and (2) are used altogether so as to calculate the spatial
distribution of S compounds.

On the lateral boundaries of the box-system v and K, are kept zero. On
the ground level w and K,, are set equal to zero. The sulfur species investigated
can enter the box-system from here by emission and can leave it by dry and
wet deposition. No flux is allowed through the upper boundary of the system.

The numerical solution of the continuity equation is accomplished in the
following way: the time derivatives are approximated by forward differences.
The advection terms and the eddy diffusion terms are approximated by cente-
tered differences in space.

The emission densities of SO, in different latitude bands have been cal-
culated by Rodhe and Isaksen (1980). The total emission of SO, was 80 Tg(S)yr .
The same values for H,S and DMS were 21 Tg(S)yr-* (Moller, 1984) and 40
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Tg (S)yr-1 (Ferek et al., 1986), respectively. The release of these latter species has
been uniformly distributed between 55° N and 35° S. The release of H,S and
DMS is supposed to be insignificant. out of this belt (Rodhe and /saksen, 1980).
In the case of CS, 80 ppt groundlevel concentration has been fixed between
the same latitude bands as for H,S and DMS. When calculating the spatial
distribution of COS a uniform 500 ppt mixing ratio has been taken into account
for the lowest layers of tne model.

2. Results of model calculations

2.1 Tropospheric distribution of sulfur compounds. The spatial disvributions
of H,S, DMS, CS,, SO, and sulfate can be seen in Figs. 2 a-e. The characteristics
of distributions are as follows:

The sources of H,S and DMS are situated on the land and sea surface.
They are rapidly oxidized in the troposphere so their mixing ratio falls off fast
with height. Since our calculations are made for the summer period (Jun-Aug)
higher values can be observed on the Southern Hemisphere because of the
lower concentration of OH radical. Very few information is availeble on the
spatial distribution of H,S. The values reported by Slatt et al. (1978) are in the
range of 4—82 ppt for the tropical and subtropical marine atmosphere near
the surface. Herrmann and Jaeschke (1984) reported H,S mixing ratios between
10—100 ppt from the background air over the Atlantic. The spatial distribu-
tion of DMS is similar to that of H,S. Van Valin et al. (1987) measured the
DMS concentration over the Western Atlantic Ocean. In the mixed layer
(below 3000 m) a rapid decrease of DMS mixing ratio has been detected from
10—100 ppt to 5—20 ppt. In the free troposphere 0.5—17 ppt was measured
and most values were 10 ppt. Ferek et al. (1986) detected higher DMS mixing
ratio in upper than in midtroposphere over the tropics during a flight in con-
vective condition. Their measured vertical profile is very similar to that of
gained by model calculations.

CS, mixing ratio shows considerable spatial variablity in spite of its fixed
mixing ratio at the surface (Fig. 2. c). This may be correlated with intense
cumulonimbus activity as measured by Carroll (1985). During her flight over
the subtropical Atlantic in the free troposhere between 6.1 and 7.9 km signi-
ficant spatial variablity (17—166 ppt) was detected ss a function of synoptic
conditions. CS, concentration measured at the surface varies between 30—200
ppt depending on the pollution level of the territory examined (Maroulis and
Bandy, 1980).

In the case of COS practically no spatial variation is observed either du-
ring measurements (Carroll, 1985) or in model simulations. It suggests that
this constituent is long-lived in the troposphere. The average COS mixing ratio
reported by Carroll (1985) was 517 + 65 ppt in the free troposphere. At the
surface practically the same value was detected (Zorres et al., 1980).

The SO, mixing ratio is highly affected by man-made emission in the mid-
latitudes of the Northern Hemisphere. Georgii (1978) has reported aircraft
measurements over Northern Europe showing values in the range of 50—80
ppt at altitudes between 6 and 13 km. Maroulis et al. (1980) made measurements
over a latitude range 57° S to 70° N. The mean value of the continental data
was 112 + 79 ppt in the boundary layer and 160 + 100 ppt in the free tro-
posphere. The SO, marine values were 54 4 19 ppt in the boundary layer and
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85 + 28 ppt in the free troposphere. It is to be noted that higher average
values were detected in the free troposphere then in the boundary layer. It is
shown in Fig. 2. d that even over the remote oceans 30—50 ppt has been cal-
culated in the middle and upper troposphere. It has been produced by means oy
cumulonimbus activity, which has not been taken into consideration in the
earlier eddy diffusion models. In those 2D models the SO, mixing ratio cal-
culated for the elevations mentioned above was 10 ppt and, of course, seemed to

be unrealistic.
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Fig. 2. Global distribution of H,S (a), DMS
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Calculated distribution of sulfate is shown in Fig. 2. e. Higher mixing
ratios can be observed over the midlatitudes of Northern Hemisphere as a re-
sult of higher SO, emission of this area. M észdros (1978) estimated the European
background sulfate concentration to be 700—1200 ppt near the ground level.
Measurements carried out by Huebert and Lazrus (1980) in tropical areas gave
sulfate mixing ratio of 60-—120 ppt in clean continental boundary layer, 100—
1000 ppt in the marine boundary layer and 30—200 ppt in the troposphere
above the boundary layer. Since these values include sea-salt sulfur, which
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Fig. 3. Dry (a) and wet (b) deposition of SO,; dry (c) and wet (d) deposition of sulfate
[g (8) m™2yr~1]

has been excluded from the model calculations so they should be regarded as
upper limits particularly regarding the marine data. Mészdros (1978) estimated
the sulfate concentration over the remote oceanic areas near the surface. Its
values was 300—700 ppt including sea-salt sulfate. Mészdros and Vissy (1974)
reported 250 ppt excess sulfate mixing ratio from the South Atlantic.

2.2 Dry and wet deposition of sulfur. Deposition of SO, and sulfate has also
been determined on the basis of model calculations (Figs. 3. a-d). Dry deposition
of SO, and sulfate has been calculated by multiplication of their concentration
in the lowest layer and dry deposition velocity (7'able 1). The continent fraction
of each latitude band has been determined so as to gain a weighted average
value for dry deposition velocity. Wet deposition of SO, and sulfate has been
determined using the parameterization shown in Table 1. It can be seen that
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dry deposition of SO, dominates in the S deposition of polluted areas. For
example at the midlatitudes of the Northern Hemisphere the contribution of
SO, dry, SO, wet sulfate dry and sulfate wet depositions to the total S deposition
of this territory are 529%,, 18%,, 5% and 259%,, respectively. However, over the
remote areas (e.g. 0—10° N) the same percentages are 35%,, 16%,, 7%, and 429%,,
respectively.

Vdrhelyi and Gravenhorst (1983) estimated the wet excess sulfur deposition
into the oceans. Over the North Atlantic at 30—70° N 0.4—0.6 g S m-2 yr-!
while at 0—30° N 0.2—0.3 g S m-2 yr-! have been calculated. The average wet
excess sulfur deposition onto the oceans of Northern and Southern Hemisphe-
res were 0.2—0.4 and 0.1 g S m-% yr-1, respectively.

TABLE 2
Modification of S deposition assuming 20% variation in SO, emission between 30—60° N
AS0, | ASO, | ASO}~| ASOY~ || AS AS
A SO, dry 4 wet dry4 wet,4 dry wet
emission
deposition

50—60° N +20 +19 +19 +15 +16 18,71 $£=17.8
40—50° N +20 =17 +156 +18 +14 +16.6 +144
30—40°N | +20 | *16 | F14 | F10 | Fu1 || Fi1aa| Fizo

A test experiment has also been run assuming 209, change in SO, emission
between 30—60° N. It was examined how the dry and wet deposition of sulfur
would be modified as a result of this condition (7'able 2). It can be seen that the
modification in dry deposition of sulfur (which occurs mainly in form of SO,)
is higher than in wet deposition. It may be caused by the fact that the meteoro-
logical processes controlling the wet deposition of trace gases and aerosols occur
in larger scale influencing the wet deposition characteristics of latitudes out
of our examination. However, this test may only be accepted as a first approxi-
mation since as a result of the change in SO, emission other physical and me-
teorological conditions can also be modified (e.g. number of condensation
nuclei), which needs appropriate parameterization in model calculations.

3. Conclusions

1.Mixing ratio of H,S, DMS and CS, falls off rapidly with height. The
distribution of these compounds in the middle and upper troposphere is highly
affected by cumulonimbus activity.

2. COS is distributed practically uniformly both in vertical and horizontal
directions.

3. Higher SO, mixing ratio observed in the free troposphere over remote
areas originates from the oxidation of reduced S compounds.

4. If the release of SO, changed between 30—60° N less modification would
be expected in wet than in dry deposition of sulfur.
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Meso-scale convective systems determined regionally in the
Carpathian Basin*
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The weather situation described in this paper is favourable to repeatedly
produce instability lines in the Carpathian Basin. This weather situation is
characterized by shallow cyclonic disturbances on a quasi-stationary frontal
zone drawing from Paris to Kiew nearly along the latitude 50°. The cold front
of the disturbance above France and West Germany is blocked by the Alps.
The south side of the frontal zone is open towards the Western Mediterranean
for a long time, therefore a warm, moist conveyor belt stretching from there
provides favourable conditions for the formation of a meso-scale longitudinal
convective band. The development of the instability lines formed fgom this
system and that of two other ones is studied by digitized radar and satellite
pictures. The synoptic situation is characterized by isentropic analysis, too.

*

Regiondlisan meghatdrozott mezoléptéhii konvekiiv rendszerek a Kdrpdt-
medencében. A tanulményban leirt id6jardsi helyzet kedvez6 feltételeket teremt
instabilitdsi vonalak ismételt kialakuldséhoz a Kérpédt-medence térségében.
Az id6jérési helyzetet sekély ciklondlis héborgdsokkal egy kvézi-staciondrius
frontédlzéna jellemzi, amely Pdrizst6l Kievig huzédik, kozelitéleg az 50. szé-
lességi kor mentén. A Franciaorszég és Nyugat-Németorszdg folstti ciklon
hideg frontjanak éthelyez6dését az Alpok meggétolja. Ennek kovetkeztében
a frontédlzéna déli oldala hosszu ideig nyitott a Foldkozi-tenger nyugati térségé-
ben. Az innen huzédé meleg nedves széllitészalag kedvez6 feltételt teremt
mezoléptékfi longitudindlis konvekeits szalag kialakuldséhoz. Az ebbél ki-
alakult és mésik két instabilitdsi vonal vizsgdlata digitalizdlt radar és m(ihold
képek segitségével tortént. A szinoptikus folyamatok jellemzésére izentropikus
analizist is alkalmaztunk.

Introduction. The knowledge of meso-scale weather processes and systems
has been extended significantly in the past twenty years. This development can
be attributed mainly to the wide utilization of intensive observation systems
(radars; satellites). New types of meso-scale convective systems were discove-
red, conditions of their origin, development and structures were described.
Maddox (1980) discovered the near circular meso-scale convective complex in
infrared satellite pictures. The meso-scale structure of precipitation distribu-
tion has also been revealed. The new conceptual models link the different meso-
scale precipitation structures to the medium-scale conveyor belts. In his com-
prehensive studies Browning (1983, 1985) considered the warm-moist conveyor

* These investigations are sponsored by the Hungarian Academy of Sciences
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belt as a predominant factor of the precipitation distribution within a cyclone.
In the formation of precipitation belts before a warm front and in that of the
comma clouds, he assigned a secondary role to the cold conveyor belts described
by Carlson (1980). The cold dry, airstream originating at high levels and des-
cending toward the trough axis splits into two branches. One of them descends
into the middle troposphere (on an isentropic surface) above the warm con-
veyor belt forming the condition for the development of a convective precipi-
tation band within the warm sector.

Carlson et al., (1983) attached great importance to the geographic regions
in the formation of meso-scale convective systems (e.g. dry lines).

The prefrontal instability lines have an important role in the weather of
Hungary. 1t is not accidental that the meso-synoptic investigations in the
sixties (Bodolai et al., 1967) explored their special features, genetic types of
their origin and later on, certain types of pre-strom situations preceding their
development (Bodolainé-Jakus, 1980). Nowadays, the joint use of radar and
satellite observations makes it possible to discover meso-scale convective sys-
tems which have not been recognised so far in the region of the Carpathian
Basin. For example, the formation and development mechanism of multicell
meso-scale convective complexes in the Carpathian Basin was at first described
in a previous study (Bodolainé-Jakus et al., 1987).

The conditions of the origin and development of meso-scale convectiv~
systems in a special weather situation are investigated in this study.

1. Subject, data and methods of investigation

The practical needs of the Storm Warning Service at the Lake Balaton
requires a comprehensive study of the information provided by the new cb-
gervation systems in order to investigate dangerous meso-scale convective
systems. Within the framework of this research program 36 frontal and 20
convective storms in two half-year periods of 1986—87 served as a basis for
different investigations (Zdrdjelentés. . ., 1989). During this period there was
an occasion (19—20 August 1986) when three instability lines passed over
Hungary the wind gusts of which exceeded 25 m/s in the region of Transdanu-
bia. The detailed meso-analyses refer to this region of Hungary because the
vicinity of the Lake Balaton plays an important rcle in the research program.
Radar, satellite, as well as surfece and upper-air observations were usea for
the synoptic and mesc-scale analysis of the above-mentioned weather sitution
and its convective syste ms.

1.1 Analysis of radar data. In Hungary precipitation systems are observed
hourly by a network consisting of three radars. The radar reflectivity is ex-
pressed by values of the precipitation intensity (mm/h). The average values
of the precipitation intensity are valid for pixels of 20 X 20 km. On the maps
obtained from these analyses the path of the cloud-precipitation system can be
followed, and its internal cell-structure can also be clearly revealed.

1.2 Analysis of satellite observations. Hourly pictures of METEOSAT—2
IR were used. The digitization of analogue IR pictures and calibration of digi-
tized values were carried out with the method of Pintér and Tdnczer (1984).

1.3 Other analyses. The movement of convective systems over the territory
of Hungary was traced on hourly meso-synoptic maps. The first interpretation
of the synoptic-scale processes was carried out on the basis of near-surface and
upper-air maps drawn for regular time intervals.
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Fig. 1. Hourly isochrons of the instability line A, and the distribution
of the maximum wind gusts in Transdanubia (thin line)

AN

Fig. 2. Hourly isochrons of the instability lines B and B’, and the
distribution of maximum wind gusts in Transdanubia (thin line)

Fig. 3. Distribution of precipitation caused by the instability lines A,
Band B’

285



The synoptic-scale weather processes and systems, the adiabatically rising
and sinking air streams can be represented directly with the help of isentropic
analysis. This is the reason why an isobaric chart of some pseudo-moist isentro-
pic surfaces as well as spatial and temporal vertical cross-sections of the pseudo-
moist potential temperature (0) have been elaborated. The distribution of
the potential instability can be shown by the Showalter stability index, and
the distribution of the moisture is indicated by the fields of the amount of
precipitable water (expressed in mm).

2. Detailed analysis of the convective systems of 19—20 August 1986

In this period, three instability lines passed over Hungary. Figs. 1, 2 and 3
show isochrons of the passing of the objects with the distribution of values of
maximum wind gusts caused by them, as well as the precipitation distribution
observed. It can be seen that maximum wind gusts and precipitation band

Fig. 4. The 850 hPa surface at 12 UTC on 19 August 1986

of the object A are characteristic in the southern part of Transdanubie, while
those of the objects B, and B’ are characteristic in the northern part of Trans-
banubia. The synoptic situation et 12 UTC on 19 August 1986, generating the
three instability lines is shown by the 850 hPa surface map (Fig. 4.) There is
a quasi-stationary frontal zone stretching from the shallow cyclone over France
and Germany to the cyclone over the Baltic countries in the direction of WSW-
ENE at its southern edge. The cold front of the western cyclone had remained
for almost 12 hours at the western slopes of the Alps. Therefore, the Carpat-
hian Basin had been open for the WSW flow of the westerr shallow cyclone
for almost 24 hours. The WSW flow of the wide warm sector carr‘ed moist,
potentially unstable air masses from the Mediterranean Sea — as indicated in
Fig. 5 — by the Showalter-indices and the distribution of the amount of preci-
pitable water,
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2.1 Instability line A. The first isochror of the instability line A appeared
at 12 UTC at the south-western border of Hungary (Fig. 1). At the same time,
an intensive precipitation area with a length of 180 km and a width of 80—90
km appeared on the radar chart. The first iscchron indicates its pseudo-front
as well. In the METEOSAT—2 IR picture (Fig. 6), the distribution of the
cloud top temperature shows a long stretched cloud system consisting of some
cells in the direction of WSW-—ENE; the cell at its western border is the insta-
lility line A identified on the radar and meso-synoptic charts. In the above
mentioned pre-storm situations the evolving instability line was parallel with
the basic cold front and it did not form a part of a greater convective system.
The cloud system consisting of many cells in Fig. 6 was well definied at 09 UTC,
as it is shown in Fig. 7. Altocumulus and cirrus cloud cover can be observed
under the isotherms —32, —42 °C extending over the area of Transdanubia.
Distinguishing it from the near circular shaped meso-scale convective comp-
lexes and from the ,,classic’” prefrontal instability lines, the convective system
in Figs. 6. and 7 is defined as a meso-scale longitudinal convection band.

Fig. 5. Distribution of the Showalter index (dotted line)
and the precipitable water at 12 UTC on 19 August 1986

The development of tne longitudinal convection band can be explained by
the processes shown in Fig. 8. The synoptic situation corresponds to the system
in Fig. 4 at the surface of 850 hPa. The interpretation of further synoptic
processes and objects is represonted by the isobaric field of the moist isentropic
surfoece of ®,, = 16 °C, and by a part of ®, = 18 °C. The arrows indicate trajec-
tories of warm moist and cold dry conveyor belts. With rough approximati-
on the trajectories were derived from streamlines of the flow at a given isen-
tropic surface. The systems represented by the isentropic analysis show that
the Jongitudinal convection band irdicated in the IR picture, formed parallel
with the warm moist conveyor belt to the left from its axis, under the mid-tro-
pospheric dry cold belt. The warm moist conveyor belt rises adisbatically
from 950 hPa to 800 hPa, while the midtropospheric dry cold belt over it is pas-
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Fig. 6. The meso-scale longitudinal convection band in tho‘ METEOSAT—2 IR picture
at 12 UTC on 19 August 1986

Fig. 7. The meso-scale longitudinal convection band in the METEOSAT—2 IR picture
at 09 UTC on 19 August 1986
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sing above the warm one with an adiabatically sinking and than slowly rising
motion.

The described processes are justified by a verticale cross-section in appro-
ximately WSW—ENE direction of the pseudo-moist potential trmperature
0, (Fig. 9). The isopleths of @ rise steeply, the air layers are convectively
unstable (dO,/dz < 0). The convective instability layer top (CIT) reaches 700
hPa. Above the convectively unstable lower troposphere a middle tropospheric
cold flow apperars as a characteristic feature determining the potential instabi-
lity:

Along the warm moist conveyor belt the cell of the longitudinal convection
band reaching the Julia-Alps, Karn-Alps and the Karavankas, intensified here
under their influence and new cells formed. The pseudo-front of the developed
convective system becomes perpendicular to the axis of the original longitu-
dinal convection bandy and it passes over the Carpathian Basin — through
Slovenia and Croatia — as an instability line.

" o W
1010

jé P W
£ 1\
1008 G

> L o TR

1075

Fig. 8. Synoptic situation at 12 UTC on 19 August 1986. The thin and
dotted lines represent isobars of moist isentropic surfaces for @, = 16
°C, respectively. The arrows indicate the conveyor belts

The distribution of the precipitation intensity estimated by radar shows
a two-cell instability line at 14 UTC in the region of Transdanubia (Fig. 10).
The more intesive southern cell caused wind gusts exceeding 25 m/s and proci-
pitation amounts more than 30 mm. This instability line became weaker by
18 UTC, its northern cell disappeared, the intensity of its southern cell decre-
ased and it left Hungary in a dissipating stage at 21 UTC.

2.2 The instability lines B and B’. The first isochron of the instability line
B can be seen at the western border of Hungary at 21 UTC (Fig. 2). According
to Fig. 11 this line was a well-organized intensive two-cell system at 21 UTC.
One hour later its northern cell separated from the southern one with a faster
motion. Cell B was in the region of Budapest at 23 UTC as it can be seen in
Fig. 12. The instability line B’ consisting of more cells followed the previous
one with a distance of 50—100 km. The displacement of the instability line B

289



was accompained by wind gusts above 25 m/s, as well as by a local hail. The
two separated instability lines are also indicated by the distribution of the
cloud top temperature in Fig. 13.

The instability lines B and B’ developed according to the classical pattern :
they evolved in the open warm sector before the cold front passing over the
Alps in 12 hours. This is shown in the surface weather map (Fig. 14) as well as

hPa 5o, e S e D N e R PRS-

07645 16080 ° 16044 13130 12982 15120

Fig. 9. Vertical cross-section of pseudo-moist potential temperature
0, in WSW-ENE direction at 12 UTC on 19 August 1986. The line
.—.— indicates convective instability layer top

by the moist isentropic surface of ®, = 16 °C on which the middle troposphe-
ric cold air flowed above the warm sector. The distribution of the isophlets of
the pseudo-moist potential temperature © indicates this process in Fig. 15 in a
nearly W-E vertical cross-section. The cold air subsides adiabatically behind
the near-surface cold front, therefore the isotherms of the METEOSAT—2 IR
picture (Fig. 13) show a cloudless postfrontal area. Before the surface cold front
the middle-tropospheric cold air draws steeply above Budapest, while the warm
moist air below it is convectively unstable.

A comprehensive representation of the described process is indicated by
the time vertical cross-section of the pseudo-moist potential temperature
0, above Budapest (Fig. 16). The warm mcist conveyor belt and the adiaba-
tically subsiding mid-tropospheric flow above it with the cold dry conveyor
belt can be seen in the concevtively unstable lower troposphere,
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Fig. 10. The instability line A at 14 UTC (in a developed stage) and at
18 UTC (in dissipated stage) on 19 August 1986

Fig. 11. The instability line B at 21 UTC (in a developed stage) on 19
August 1986 .

Fz’g. 12, The instability lines B and B’ at 23 UTC on 19 August 1986

291



Fig. 13. The fronts and instability lines B and B’ in METEOSAT—2 IR picture
at 23 UTC on 19 August 1986

(It can be seen in this figure that the state of the air was convectively un-
stable from 19 UTC on 18 August to 02 UTC on 19 August. Accordingly a strong
convective activity in the north-western part of Transdanubia developed in
this period. However, these convective storms belonged to a meso-scale con-
vective complex which was located to the north of Hungary. The analysis of
this system, however, is out of the scope of this study.)

3. Conclusions

1. As far as the Carpathian Basin is concerned, the synoptic situation can
be defined as a pre-strom situation when the frontal zone long stretching in the
WSW-ENE direction is linked to a cyclone above Western-Europe near the
latitude of 50°, The eastward motion of the cold front of the western cyclone is
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Fig. 14. Synpotic situation and isobars of the pseudo-moist isentropic
surface of ©, = 16° at 00 UTC on 20 August 1986

tPa 39 z \
” /
Wb £
18 T
: 20
\ 5
s <6 v 19
i :
15

700

800

900

131% 15
L0739 - 10868 W35 12843 1952 33631

Fig. 15. Vertical cross-section of pseudomoist potential temperature O,
in W-E direction at 00 UTC on 20 August 1986
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blocked by the Alps. Therefore, a warm moist conveyor belt developes far from
the central region of the cyclone, in the wide warm sector at the southern slopes
of the Alps. The ,,orographic blocking’ of the Alps does not affect the mid and
high tropospheric flow.

2. A longitudinal convection band developes to the left from the axis of
warm moist conveyor belt, parallel with it, below the cold dry belt.

i % ol 1986, VIIL19-20,

v /Y ] [ i/
Hlal e

157+ 1 17 18 (; 1920\ $20 19 B 1819 2
| |

12 06 2000 18 12 06 1900 ] 12

1000

Fig. 16. Time vertical cross-section of pseudo-moist potential tem-
perature ®_ above Budapest in the period from 18 UTC on 18 August,
1986 to 12 UTC on 20 August 1986

3. This longitudinal convection band can be identified well in the IR cloud
pictures, and its internal cell structure can also be revealed.

4. The cell of the longitudinal convection band approaching the south-
eastern slopes of the Alps becomes intensive, and new cells form. The pseudo-
front of the new object is perpendicular to the original meso-scale longitudinal
convection band, and it passes over the Carpathian Basin as an independent in-
stability line.

5. Instability lines develop parallel with the cold front passing over the
region of the Alps later, because of the convective instability in the lower
troposphere and the cold dry belt in the middle troposphere.
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c. az Akadémiai Kozponti Kutatdsi
Alapb6l 1—3—86—319 szdmon tédmoga-
tott, dllami megbizédsként végzett mun-
kérol. Budapest, 1989.

295



IDOJARAS

Az Orszdgos Meteoroldgiai Szolgédlat folybirata. 94. évf. 5. szdm. 1990. szeptember-oktéber
Journal of the Hungarian Meteorological Service, Vol. 94 No. 5 Sept—Oct 1990. Budapest

IdGjarasi radarech6k hasznalata a balatoni viharjelzésben

BARTHA IMRE és ZSIKLA AGOTA

OMSZ Viharjelz6 Obszervatoriuma
H—8601 Siéfok, Pf. 80.

A balatoni viharjelzés ut6bbi években bekovetkezett technikai korszerfi-
sftésével egyid6ben igényként és elvardsként jelentkezett az intenziv meg-
figyelési rendszerekhez (radar, mifihold) jobban alkalmazkod6 elérejelzési
és dontési médszerek kidolgozésa és fejlesztése. Jelen tanulményunk ehhez a
feladatkorhoz kapesolédik. A kidolgozott eljdards a manudlisan digitalizdlt
radaradatok szamitégépes értelmezését segfti.

A tanulmédny a Balaton térségére veszélyes Cb-radarechék tér- és id6beli
kovetésének automatizdldsdt és egy kordbban, veszélyjelzések készitéséhez
kifejlesztett dontési modellbe valé beépitését ismerteti koordindtageometriai
megoldés és kozelités alkalmazdsdval.

A kapott eredményeket a gyakorlati felhaszndldsra vonatkoz statisztikai
vizsgalat egésziti ki.

*

Use of radar echos in storm warning at Lake Balaton. In recent years, new
perspective and possibilities have been opened by a remote controlled light-
signalling system and satellite, radar as well as special meteorological instru-
ments for the storm warning meteorologist at Lake Balaton. These facts
claimed the working-out and development of forecasting and decision methods
accomodating better to the above-mentioned storm warning and special obser-
vational system. The study is related to the scope of these tasks. The worked-
out procedure can help the computerized interpretation of manually digitised
radar data.

The automation using co-ordinate geometric solution and approach of
tracking in space and time of severe radar echoes with respect to the region
of Lake Balaton and its building into a previously developed decision procedure
for storm warning are demonstrated in the study.

The obtained results are completed by the statistical investigation of
application to the storm warning practice.

1. Bevezetés

A zivatarfelh8ket kisérd veszélyes id&jardsi jelenségek felderitésekor
a meteoroldgiai radar révén megbizhat6 diagnosztikai adatokhoz jutunk és a
radarech6 jellege alapjan rekonstrudlhatjuk a meteorolégiai elemek, vagy
elemegyiittesek foldfelszini viselkedését. Ezek ismerete elGsegiti a konvektiv
aktivitdssal terhelt jelenlegi idGjards pontosabb leirasat, mezo- és kisebb lép-
tékli objektumainak azonositdsat, valtozésaik ultrarévidtava (0—3, ill. 3—12
6rara vonatkozdé) elGrejelzését (Briljov és Nizdojminoga, 1977).

A meteorolégiai szakirodalomban az elkovetkez§ néhdny (0—3) oréara
vonatkoz6 elrejelzésre kozismerten az angol ,,nowcasting” terminolégidt
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alkalmazzik, amely tobbnyire interaktiv szdmitéstechnikai eljaréssal valésul
meg. Ehhez alapvet§ fontossigi a radardllomdsokon folyé megfigyelések
automatizilisa és a kiillonboz6 adatforrdsokbél szérmazé meteoroldgiai infor-
mécick komplex feldolgozasa, értelmezése (Browning és Collier, 1982).

2. Probléma-felvetés és irodalmsi dittekintés

A Kozponti Eldrejelzd Intézet szervezeti keretébe tartozé Siéfoki Vihar-
jelz6 Obszervatériumban nydron miikodd szolgélat az, amelynek elsGdleges
feladata viharos szél vérhaté kialakuldsa esetén riasztdsok (veszélyjelzések)
elrendelése. Ez a feladat az intenziv megfigyelési rendszerekbdl (radar, mfi-
hold) szdrmazé adatok felhasznilisdval, valamint a kozelmtltban korszerfi-
sitett, szdmitégéppel vezérelt balatoni viharjelz6 rendszer miikodtetésével
osszefiiggden szdmos elméleti és gyakorlati problémét vet fel (Bartha et. al.,
1986).

Nyilvanvalé, hogy az intenziv megfigyelérendszer potencidlis lehet&sé-
geinek kihasznéldsa csak fejlett szamitéstechnikai héttérre tdmaszkod6 now-
casting rendszer keretein beliill képzelhets el. Ilyen irdnyu fejlesztések az
OMSz intézeteiben mar évek éta folynak egy operativ képfeldolgozé rendszer
megvaldsitise érdekében. A teljességre valé torekvés nélkiil ehhez kapesolédva
megemlithetjiik, hogy 1985—86-ban Pintér et al. (1986) egy interaktiv szi-
mitégépes eljardst dolgoztak ki a KLFI CII 10 010-es képfeldolgoz6 kon-
figuraciéjén a METEOSAT geostacionarius mfihold adataibdl elGéallitott
hurokfilmek interpretélasira. A mérvadé felhGelmozdulasb6l szdrmazéd vek-
torokat a Balaton térségében fellép6 maximéalis széllokéssel hoztak kapcso-
latba 1gy, hogy a felhGelmozdulasbol szdmitott maximélis szélvektort a maxi-
malis széllokéssel vetették Ossze. E vizsgalat azon a feltevésen alapul, hogy
az alacsonyszintli felh6zet elmozduldsdbdl szdmitott nagy szélvektor az im-
pulzusmomentum lefelé torténs attevédése folytan varhatéan a talajkiozelben
is erds széllel parosul. Az elmozduldsokat a képernyén a fényceruzaval pixel
pontosséggal kijelolt felhGelemek foldrajzi koordindtdibél szdmitottéik ki,
és az idokiilonbség szdmitésba vételével hatdroztik meg a mozgasvektorokat.

1986-ban, a Nyiregyhdzi Radarmeteorolégiai Obszervatériumban az
MRL—5 radarberendezéshez kapcsolva kisérletek folytak egy mikroszamito-
géppel vezérelt automatizilési berendezéssel (Groska, 1986). Ezt kovette
1987-ben az automatizilt rendszer dltal gyftijtott digitdlis adatok interpretala-
sénak megolddsa a TPA képfeldolgoz6 rendszerén (megjelenités, transzfor-
méci6 sztereografikus vetiiletre, képek archivéldsa stb.). Dombai et. al. (1987)
a digitdlis radartérképek megjelenitéséhez tobb kiilonboz8 maszkképet készi-
tettek a foldrajzi, id6beli azonositédsok céljabol. A megjelenités sordn lehet&vé
valt a koordinitik, a pixelértékek leolvasisa, tovibb4 adott pixelértékek
kivélogatdsa. Id6kozben (1989-ben) mdd nyilt e kisérleti automatizédlisi rend-
szer szentgotthdrd-farkasfai telepitésére is, amely tovabbi digitalis radar-
adatok feldolgozdsit és interpretaldsat teszi majd lehet&vé.

Ami a balatoni viharjelzés ut6bbi években bekivetkezett technikai kor-
szer(isitését illeti, igényként és elvirisként jelentkezett az emlitett megfigye-
lési rendszerekhez jobban alkalmazkodé el6rejelzési és dontési mddszerek
kidolgozasa és fejlesztése, beleértve az egyelére még manualisan digitalizalt
radaradatok specidlis interpretdlisival kapcsolatos feladatok megoldésat is.

A korébban végzett hazai kutatésok (Bartha és Bojti, 1983) folytatésa-
ként az elmilt néhdny évben sikeriilt egy dontési modellt kifejleszteniink
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(Bartha,1987) veszélyjelzések készitéséhez. A modell segitségével egy-egy, a
Balaton térségére mérvado6 radarmérést kivetGen elérejelezhets, hogy a ziva-
tarfelhSket kisér6 maximélis széllokések (V,.,) a viharjelzési szempontbol
szamitdsba jov6 harom szélkategéria (0: V ,.<12; 1: 12<V .<1T;
2: Viox>17 (m/s)) koziil véarhatéoan melyikhez tartoznak. A viharjelzési
gyakorlatban e hirom szélkategériadhoz rendre harom viharjelzési fokozat
rendelhetS: nincs viharjelzés; 1. fokt viharjelzés: I1. fokt viharjelzés. A don-
tési eljaras bemens adatait és paramétereit az 1. tdbldzatban foglaltuk ossze.
A téblizatosan bemutatott radar, aerolégiai és felszini észlelési adatokbdl,
valamint ezek kombindciéjabdl szarmaztatott paraméterek egyedi kapcso-
latban allnak a konvektiv aktivitids fejlettségével, tehat prognosztikai ér-
tékiik van.

A felhasznalt paraméterek koziil a 1gZ,, Y, AH és AH* paramétereket

1. TABLAZAT
Az objektiv dontési eljdards (Bartha, 1987) bemend adatai

Radar | Aerologiai | Felszini

Mért paraméterek
H,.. , 187, ' Hipop » Hogpoc i L o5) Yomax 01 2

Szérmaztatott paraméterek

Y = me lgza Owo T = Tnkt _G)wo
AH = Htrop ——Hmlx 9" Tmnx i r‘[‘gfgg —®wo
AH* s Hmnx _H—QEOC Tﬁ:‘:g P

Id6jarasi karakterisztikdk

Markéns id6jérési Talajkozeli Bagrov-féle
objektum izobarstruktira analbgia
Kédok | Indexek
C G, I, T A, B,.TE KL {pg} talaj, 500 hPa
M, N, O {ea} talaj, 500 hPa

{pe pa} talaj, 500 hPa

it — radareché teto C — konvergencia vonal
Z, — radar reflektivitdsi tényezd G — meleg front
He — tropopauza magassiga H — instabilitdsi vonal
H_g0c — a—22°C-o0s szint magassdga I — hideg front
Y — zivatar veszélyességi kritérium J — okkluzios ,,front’’
0= — 0 °C-os szint nedves potencidlis A — izobdrikus ,,mozsér”’
hémérséklete (Ap<<1 hPa/100 km)
®, — Cu-kondenzécidés szint poten- idéjardsi helyzet
cidlis h6mérséklete E — divergencia
Tate — aktuédlis h6mérséklet F — prefrontédlis gradiens helyzet
Viras — mért szélmaximum K — posztfrontdlis gradiens helyzet
P — talajkozeli légnyomas L — Genovai-ciklon aktivitéds
AT — lehfilési érték M — Arzori anticiklon orrhelyzet
AT,,. — maximdlis lehfilési érték N — ciklon centruma a Kdrpét-medence
Ap — talajkozeli légnyomasi gradiens folott
morog  — elérejelzett maximdlis hémér- O — anticiklon centruma a Kérpét-me-
max séklet dence folott
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(értelmezésiik az 1. tablazatban) egy dontési eljarasban egyesitve, ezek kiiszib-
értékeit eléré vagy meghaladé értékek alapjan osztalyozzuk a Balaton térségét
veszélyeztets, 4 km-nél nagyobb tetGvel rendelkezd Ch-radarechékat. E radar-
cchok osztalyokba sorolasa megfelel a viharjelzési szempontbdl fontos hdrom
szélkategériénak (0, 1, 2). A mérvadé legfejlettebb Cb-radarechék osztélyozésa
kiegésziil annak az aktudlis idGjarasi helyzetnek a mérlegelésével is, amelyben,
vagy amelynek a hatédsira a zivatarfelh$ kifejlédott a veszélyeztetett térség-
ben. Erre szolgalnak az 1. tablazatban bemutatott tovabbi paraméterek,
indexek és kédok.

A szélveszélyes idGjarasi objektumok Cb-radarechéinak a Balaton térsé-
gébe varhaté érkezési idGpontjai sikeres elérejelzésében dontd jelentéségli ezen
echok helymeghatérozdisa, tér- és idébeli kovetésének automatizélésa és a vaz-
latosan ismertetett dontési modellbe torténs beépitése.

1. dbra. Id6jarési radarhdlézat (egyesitett) megfigyelési zondi Magyarorszégon (Kapo-
vits A., 1984 nyomdn). Radardllomdsok: Szentgotthdrd-Farkasfa, Budapest-Ferihegy,
Nyfregyhdza-Napkor

Az operativ gyakorlatban az id§jardsi radarmegfigyelések manudlisan
digitalizalt informéaciéit a Szolgalatunknal 1982-ben bevezetett (T'6th és Vesza,
1983) M = 1 : 2,5 milliés méretaréinyt polaris sztereografikus vetiilet(i térkép-
re szerkesztett derékszogfli racshalézaton dolgozzuk fel (Kapovits és Toth, 1987).
Ez a rdcshilézat a hirom radarallomés: Szentgotthird—Farkasfa, Budapest—
Ferihegy és Nyiregyhdza—Napkor hatésugarinak kozos tartoményat lefeds
(1. dbra) 20 X 20 kme-es teriilet(i négyzetelemekbdl all. A mindennapi gyakor-
latban e négyzetelemekbdl 4ll6 egyesitett radarricsot méatrixként kezelve
hasznéljuk. A 48 X 33 négyzetelembdl 4ll6 matrix a derékszogli rendszer x
tengelye mentén 00-t6l 47-ig (ii), az y tengelye mentén pedig 00-t6l 32-ig (j7)
terjed. Ebben a derékszogli racsrendszerben kovetjiik a Balaton térségét ve-
szélyezteto radarechék fejlédését is. A mérvadé Cb-radarechok viharjelzés
szdmédra fontos mért karakterisztikdi (H,,., 1gZ, — ldsd az 1. tdblazatot)
URH-s adatkozléssel tn. RADAR SPECI forméban éllnak rendelkezésiinkre
a 10 cm-es hullimhosszon mérve (Kapovits, 1984) A negyzetek koordinétaival
megadott radarechok az athelyezidési sebesség és irany, valamint az intenzi-
té,s1 fokozatoktol fiiggden lesznek a zivatarfelhSket kisérd maximdlis szélloké-
sek elGrejelzésére kifejlesztett interaktiv szamitogépes dontési modell (Bartha
és Horvdthné Zsikla, 1987) bemend adatai.
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3. A wvizsgdlat médszere és eredményei

A Cb-radarechok tér- és idébeli kovetésének automatizilisihoz a kiovet-
kezd egyszerfisitéseket vezettiik be: A radarrics rendszer (iz, jj) koordinataja
négyzetelemeiben megadott echdkat a négyzetek kozéppontjaiba ponttd zsu-
goritva értelmezziik (2. dbra). Ezek olyan derékszigii koordindtarendszer pont-
jai lesznek, amelynek origé6ja a radarrics rendszer O (00,00) koordinatéjia négy-
zetelem kozéppontja; = tengelye a jj = 00, y tengelye pedig az it = 00 koor-
dindtédju négyzetelemek kozéppontjain athaladé egyenesek. Ebben az z-y
derékszogli koordindtarendszerben minden egyes 20 X 20 kmt-es teriilet(i

07
06
05
04
03
—
02
H
o
v " l wihe J A ! 1 1 L e L 1 4 1 1 o 5 A | A # y I r—
00 02 04 06 08 10 12 14 16 18 20 22
Ny+AL—— K

2. dbra. Derékszogii koordindtarendszer a Balaton térségére veszélyes Ch-radarechok tér-
és idGbeli kovetésének automatizdldsdhoz, koordindtageometriai segédletekkel.

négyzetelemnek megfelel egy-egy, a négyzetelemek (i, jj) koordindtdival meg-
egyezs koordinatdaju P(i7, j7) pont. Ily médon a Ch-radarechék tér- és idébeli
kovetése ezen ponttd zsugoritott ech6k Balaton térségéhez viszonyitott elmoz-
dulésainak folyamatos kovetésével valosul meg. Mivel a Balaton kontirja,
amelyhez viszonyitjuk a ponttéd zsugoritott ech6k mozgésit, geometriai alak-
zatként bonyolult, olyan sikbeli geometriai alakzattal kellett azt helyettesiteni,
amely egyrészt tartalmazza a té térségét kozvetleniil lefeds négyzetelemek ko-
zéppontjait, méasrészt alaktanilag a legoptimadlisabban helyettesiti annak dél-
nyugat-északkeleti irdnyban elnytlt, valésigos sziluettjét. Erre legalkalma-
sabbnak egy olyan ellipszis bizonyult, amelynek az = tengely pozitiv felével
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31%-0s szoget bezars nagytengelye egybeesik a témedence hosszanti tengelyé-
vel, kistengelye pedig az emlitett koordindtarendszerben 2 egységnyi. A kérdé-
ses ellipszis az alabbi kétismeretlenes masodfoki egyenlettel adhaté meg:

@2 + 2,184y2 — 2,240y — 9,172 — 13,49y + 166,33 = 0. (1)

Az ellipszis paraméterei: a = 8,5, b = 1,0, ¢ = 7,5 koordin4taegység, a kozép-
pont koordinatai C (18,5, 12,5). E Balaton térségét is magéban foglal6 ellipszis
négyzetelemekkel éppen lefedd, 6400 kmenyi teriiletét a tovabbiakban
a t6 térségének kozelkorzeteként (I) vessziik figyelembe. A kizelkorzethez

3. dbra. Cb-radarechdk Balaton térségéhez

viszonyftott helymeghatdrozésa a 2. dbrdan

alkalmazott derékszog(i koordindtarendszer-
ben.

Jelmagyardzat :

Ha PE; 2 PP, akkor a Cb-radarecho
kozéppont kozeledik a
Balaton térségéhez,
he BE<<{P'P, akkor a Cb-radarecho
kozéppont tévoledik a
oee Balatontdl,

[ PP’ = a P(ii,5j) radarecho ko-
zéppont At idé alatti
elmozdulds vektora,

ahol P, = a P(i,5j) radarecho ko-
zéppont nyomvonalé-
nak az ellipszissel alko-
tott motszéspontjai,
e Ly

kozvetleniil csatlakozo, négyzetekkel lofedett 15200 km2-nyi teriiletet (II)
pedig a Balaton térségére veszélyes zivatarfelhSk tavolkérzeti mintavételi
teriileteként kezeljilk. A kozel- és tavolkorzetek egyesitett teriilete (I-+1I),
amelynek kdoriilbeliil a kozépsS részén helvezkedik el a té6 medencéje, 21 600
km?-nyi téglalap alaku teriiletet fed le a Dunéntil k6zépss részén (2. dbra).
Ilyen stilizélt mintavételi térségben egy-egy ponttd zsugoritott radareché
tér- és idébeli kovetéséhez a kovetkezd koordinita-geometriai megfontoldsokat
hagznaltuk fel:

Tekintsiink egy 20 20 km?-es kiterjedésti Cb-radarechét a P (iz, j7) ko-
zéppontba zsugoritva. kiszamitvan e P (i, jj) pont ellipszist6l vett legrovidebb
tavolsagat a radarecho athelyez&dési iranyaba esS egyenesnek az (1) ellipszissel
vett 7y (v, ¥,) metszédpontjaitil (3. dbra).

Az egyenes egyenlete a kivetkezd:

y = tge (x—it) + 57, (2)
ahol o= 90°—mpmy, ha, 90° = mpmyp > 0°
a = 450° — mpmy,, ha 360° = mpmyp > 90°.

Ttt o az egyenes x tengely pozitiv felével bezéart szoge, mpmy, pedig az echo
radarral mért dthelyezGdési iranya. A metszéspontokat az (1) és a (2) egyen-
letek Osszekapesolasival kapott egyenletrendszer valés megolddsai adjak.
A felhasznéldsra keriil metszéspontok szimét az igy el6allt masodfokd egyen-
let diszkriminénsa (D) donti el;
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D = B*—440,

ha o« = 90° vagy 270°
A = 2,184
akkor [B = — 2,244 — 13,49
C = %2 —9,17ii + 166,33

ha o # 90° vagy 270°

A = 2,184tg%x—2,224tgx + 1

akkor |B = 2,224a—4,368a tga—13,49tga—9,14
C = 2,184a2+ 13,49a + 166,33
a = itga—yj.

A diszkusszié alapjdn hérom eset lehetséges:

a) Nincs metszéspont (D < 0) — a Cb-radarecho elkeriili a Balaton tér-
8égét, azaz a radarral mért karakterisztikik nem keriilnek kozvetlen felhasz-
néalésra.

b) Egy metszéspont van (D = 0) — & radarecho ,,érint8legesen’” mozog
a Balatonhoz képest, amikoris a legrévidebb tavolsiagot a radarechonak az érin-
tési ponttdl vett tavolsdga adja:

P (i3, §j) Py (@ 1) = Vi(oe—i)® + (i) (4)
ahol A
Ye 1= Y

¢) Két metszéspont van (D > 0) — ebben az esetben a Balatontdl vett
tavolsdg alatt a metszéspontokkal szamolt tdvolsdgok (4) minimumat értjiik:

min P (i3, ) Py @m0 o) (5)
ahol Dy & By P Ly Y Y1 F Yo

A r1adareché Balatontél vett tévolsiganak ismeretében most mar kisza-
mithaté az az idStartam (fiartam), amely az dllandénak vélt athelyezddési
sebességgel (spsp) szdmolva sziikséges ahhoz, hogy a radareché elérje a t6 ko-
zelkorzetét (I)

20 min P (i1, jj) Py (@, ¥x)
SpSp

(6ra). (6)

ttartam ==

A (6) osszefiiggés ismeretében megadhaté az az idSpont (feirss), amikor a
Cb-radarech6 véarhatéan eléri a Balaton térségét reprezentalé ellipszis gorbét:

Lelbres = ttartam+ to (UTC), (7)

ahol ¢, = a mérvadé Cb-radareché felderitésének idépontja (UTC).

A Cb-radarech6 Balaton térségéhez viszonyitott elmozdulasainil lényeges
megkiilonboztetni a t6 térségéhez valé kozeledés, ill. tdvolodas allapotait is
hiszen ezek a veszélyesség szempontjabdl nem egyformén értékelenddk. A ra-
dareché kizeledésének vagy tévolodasanak a meghatirozasara a kiovetkezd el-
jarast alkalmaztuk:
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Megadtunk egy olyan elegendéen kicsiny Af id6t, amely alatt a P (i, jj)
kozéppontit Cb-radareché egy négyzetracs félatlojanal (10y2) kisebb athelye-
z6dést érhet el. Ha a tovabbiakban egy P (i¢, jj) koordinataja Cb-radareché
kozéppont a mindenkori athelyezddési irannyal és sebességgel At id6 alatt olyan
P’ (i@, j3°) pontba helyezidik at (3. dbra) hogy teljesiil a PP, =z P’Py tavol-
sag relacié

PP, = min P (ii, j) Py (2, Yx)s

I

ahol {P’P, = min P’ (i’,§5") Py (%, 4) = (8)
= V[xx — (4t + At spspcosax) > + [yx — (jj + At spspsina) 1%,
—_\"‘_’—-——r ——\.{:——'
i 7

akkor a radareché a Balatonhoz kozelit, vagy mar el is érte a t6 térségét he-
lyettesitd ellipszis gorbét. Ellenkez$ esetekben a radareché tévolodik a Bala-
tontol és igy veszélyesség szempontjibdl ott méar nem szdmottevs. Egyenloség
esetén az eché dthelyezddési sebessége, sps, = 0. Az ilyen médon kovetett
Cb-radarechdkat a tovabbiakban aszerint csoportositjuk, hogy azok a Balaton
mindkét, vagy csak az egyik (nyugati vagy keleti) medencéjét veszélyeztetik-e.

Viharjelzési szempontbol azok a Cb-radarechdk keriilnek felhaszndldsra
a mért karakterisztikaikkal egyiitt, amelyek egyrészt a kozelkorzetben (I)
talalhatok, masrészt a tavolkorzetben (11) olyan tavolsidgra helyezkednek el az
ellipszistdl, hogy az odaérkezésiik félérat meghaladéan. de legfeljebb egy ora
miulva varhato. Ez megfelel az automata fényjelzéssel kivitelezhet6 riasztasi
kiiszobid6nek is. A riasztésok elrendeléséhez a dontési modell bemend adatai-
ként ezek koziil csak a maximalis Y veszélyességi kritériumu (1. tablazat)
echok keriilnek felhaszndlasra, figyelembe véve a Balaton térségének nyugati
és keleti medencékre torténd megosztasi lehetGségeit is (Bartha et al., 1986).

El6fordulhatnak olyan esetek is, amikor nem &ll rendelkezésiinkre athe-
lyez8dési irdny és sebesség : egyrészt azért mert adott esetben a legelss radar-
mérésrdl van sz6, méasrészt a lassu athelyezddés miatt (példaul un. izobarikus
,,mocsar”’ id8jarasi helyzetben) ezek nem adhaték meg. Ilyen esetekben a ve-
zetGaramlasnak megfelel6 700 hPa-os nyomésszinten mért szélirdny (dd,,)
és szélsebesség (fff.o = Vi) helyettesitheti az echdék athelyezdédési iranyat
(mpmp) és sebességét (spsp) a kivetkezs transzformécidkkal:

mpmy, = dd,q+180°, ha 180° = dd,5, > 0°
mpmp = dd.;—180°,  ha  360° = dd,y, > 180° (9)
8pSp = 3,6 fff00 (km/6).

A helyettesitéseknél figyelembe vettiikk Bodolainé Jakus (1980) kutatési ered-
ményeit is, aki 30 vonalba rendezett ech: pszeudofrontjanak haladési irdnyét
és sebességét kozelitette a kiillonbozé magassagi szintek széliranydval és sebes-
segevel A legjobb osszefiiggést a 700 hPa-os szint szélsebességével kapta:
Vo= 0,8 Vg, ahol fo a pszeudofront haladési sebessége, V49 & 700 hPa-os
szinten mért szélsebesség. A szerzd a pszeudofront mozgasanak irdnya és a 700
hPa-os szélirdny kozott ilyen szoros osszefiiggést mar nem talalt. Az esetek
legnagyobb részében a vonalba rendezett echék pszeudofrontjinak mozgési
iranya a 700 hPa-os nyomdsszint irdnydtol 20°-kal tért el.
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Mindezeket figyelembe véve, a Balaton térségét mintegy a kozépsd részén
magéban foglalé 21 600 kme-nyi téglalap alakt mintavételi teriileten (2. 4bra)
a Cb-radarechék tér- és id8beli kivetésének szdmitégépes realizdlisa és don-
tési modellbe valé beépitése az alabbiak szerint valésul meg:

1. Meghatérozzuk és ellendrizzitk a Szentgotthédrd—Farkasfa radaréllo-
mésrél érkezd kritikus értékeket meghaladé karakterisztikaji (H,.. = 4;
lgZ, > 0) Cb-radarechék Balaton-térségéhez viszonyitott teriileti elhelyez-
kedését, és veszélyességét. Hirom eset lehetséges:

a) Ha csak az I. korzetbdl allnak rendelkezésiinkre radaradatok, akkor ezek
koziil azokat az echdkat valogatjukki, amelyeknek a Balaton térségének terii-
leti megoszthatésdgaval is szdmolva maximdilis az Y veszélyességi kritéri-
uma (1. tdbldzat). Ezeket a dortési modellbe torténd beépitéskor az athe-
lyez&dési sebességtd]l és iranytdl fiiggetleniil vessziik figyelembe bemend
adatokként.

b) Ha csak a II. korzetbsl dllnak rendelkezésiinkre radaradatok, akkor a Cb-
radarechék vérhaté Balaton térségi hovatartozdsit az dthelyez8dési iréd-

2. TABLAZAT

Kiilonboz6 idbjdrdsi eseményekkel kapCsolatos csapadékmezdk linedris extrapoldcios
adbskalai (Zipser, 1983 nyomdn)

Linedris extrapoléci6
Idéjdrdsi esemény érvényességére vonatkozd
idéskdla
Egyedi zivatar, vagy erés zépor 5—20 pere
Gyenge zéporral kapesolatos erds
széllokések 5—30 perc
Heves zivatar 10—60 perc
Orografikus zdpor 1 6ra
Mezoskéldn szervezédott zivatar 1— 2 6ra
Frontdtvonulds tobb  ora

nyokkal érkezd radarechék nyomvonalainak (trajektéridinak) az ellipszissel
valé Py (xx, yx) metszéspontjai (3. dbra) hatérozzik meg. Az igy azonosi-
tott, és dllandénak vett dthelyez8dési sebességiikkel (spsp) kivetett echék
koziil csak azokat valogatjuk ki, amelyek a Balaton térségét helyettesits
ellipszist egy megadott kritikus id6 mulva: félérat meghaladéan, de legfel-
jebb egy 6ra mulva érhetik el. Ez az id6tartam 6sszhangban van a zivatar-
felh8kkel kapesolatos csapadékmezbk Zipser (1983) altal kozolt linedris
extrapolaciés iddskalakkal (2. fdbldzat), valamint a jelenlegi riasztasi kii-
szobidékkel. Ezt koveten a megfelelen azonositott echdk koziil esak a ma-
ximalis ¥ veszélyességi kritériumt echdkat (1. téblazat) valogatjuk ki,
figyelembe véve a Balaton térségének teriileti megoszthatdésigat is. Ameny-
nyiben a radarechék Balaton térségébe érkezésének varhaté idGpontja egy
6rat meghaladdan, de legfeljobb mdsfél 6ra milva kivetkezne be, akkor
fél 6ran beliil Gjabb radarmérést kell elrendelni, tartvan attdl is, hogy az
echék mozgisa idSkozben felgyorsulhat.

c) Ha az elSbbiek (a és b) szerint azonositott Cb-radarechdk az I. és a II. kor-
zetekben egyarant és egyidejiileg 1épnének fel, akkor a figyelemmel kisé-
rendd echok koziil csak a maximalis ¥ veszélyességi kritériumtak (1. tab-
lizat) keriilnek felhaszndldsra bemend adatokként. Természetesen itt is
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figyelembe vessziik a Balaton térségének teriileti megoszthatisigat a mo-
dellben (Bartha, 1987) rogzitett feltételekkel.

2. Az ilyen (a, b, ¢) mddon figyelembe vett Cb-radarechdk input adatok-
ként keriilnek be a déntési modellbe, majd egy dontési eljards az aktualis id6s-
jarasi helyzet fiiggvényében megadja a harom szélkategéridnak (0, 1, 2) meg-
felel§ viharjelzési fokozatot: D : nincs viharjelzés, vagy D, : I. fokt viharjelzés,
vagy D,: II. fokt viharjelzés.

4. Kovetkeztetések

1. A balatoni viharjelzési gyakorlatban a Cb-radarechék tér- és id8beli
kivetésének automatizalasival tovabbfejlesztett dontési modellel a hagyomé-
nyos (tényleges) riasztédsokhoz képest optimélisabb déntések hozhaték, mini-
malis (< 19,-o0s) alabecslési hibaval (3. tdbldzat).

3. TABLAZAT
A hagyomdnyos szinoptikusi dontések (D,*, Dy*, D,*) és a Ch-radarechdk kivetésével automa:
tizalt modell-dontések (D,, D,, D,) osszehasonlitdsa az 1986., 1987. és 1989. évek adata®

alapjdn.
Jelmagyarazat:
D,* = D,: nines viharjelzés BB Vmax<<12 m/s,
D,* = D,: I. foka viharjelzés «~—> 125Vmax<17 m/s,

D,* = D,: II. foku viharjelzés -~

Vmax>17 m/s.

Déntések tipusai
Dontések Hagyomédnyos Modell-déntés
értelmezése szinoptikusi dontés Cb-radarechd kovetéssel
D D5t . D& [DM4DBFLDY D, By Dy o DirDyedy
db — 27 102 129 — 24 74 98
Folébecslés
% — 4,8 18,3 23,1 — 44 13,6 17,9
db 86 165 170 421 92 182 171 445
Megfelel
% 15,4 29,6 30,6 75,5 16,8° 882 31,2 81,2
db 4 s 8 = [T BI
Alébecslés
% 0,7 8,7 — 1,4 — 0,9 — 0,9
" db | 90 196 272 558 92 211 245 548
Osszes dontés
% 16,1 35,1 48,8 100 16,8 38,6 44,7 100

A hagyomanyos szinoptikusi dontésekhez (riasztdsokhoz) képest koze
109,-os a viharjelzési fokozat terén a megtakaritis, azaz a reélis alacsonyabb
fokozat melletti dontés, amely az egy- vagy kétfokozatu ,,folébecslés’’-i esetek
csokkenésébdl és a megnivekedett, alacsonyabb kategéridju (D, és D,) ,,meg-
felel6” dontési esetekbdl tevédik ossze, levonvan ezekbdl a nem redlis ,,ald-
becslés’’-i eseteket. ZivatarfelhSs id6jardsi helyzetekben a radarechdk kivetésé-
nek automatizélésival kiegészitett dontési modellel kozel 69%,-kal javithato
a viharjelzési szempontbdl fontos hirom széllokés kategéria (0, 1, 2) bekdvet-
kezésének megitélése, eldrejelzése a hagyoményos viharjelzési gyakorlattal
szemben,
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A szamitégépes tesztelés az 1986., 1987. és az 1989. évi balatoni viharjel-
zési idények egyidejli érankénti modell-dontésein (D,, D,, D,) és konkrét riasz-
tasain (D *, D* ,D,*) alapul.

2. A Cb-radarechdk itt megvaldsitott tér- és idSbeli kbvetése elsGsorban
az Un. izobarikus ,,mocsar’’ (4) idGjarasi helyzetekben (a horizontalis nyomas-
gradiens Ap < 1 hPa [100 km) kialakult helyi zivatarok, konvergencia zénik
(0) szélveszélyességének a megitélésénél nyujt jelertds objektiv segitséget
a viharjelzések (riasztdsok) optimalisabb elrendelésekor és felolddsakor (4. fdb-
lazat).

4. TABLAZAT
A széllokés kategoridknak (0: Viao<<I12; 1: 128V 0 . S17; 2: Voue>17 mfs) megfeleld
viharjelzési fokozatokat megadé szinoptikusi és modell-dintések (D* és D) értékelése a tény-
leges széllokések szerint és a szinoptikus helyzetek fiigguényében az 1986., 1987. és 1989. évek
adatar alapjan.

Jelmagyardzat: D¥ = hagyoményos szinoptikusi dontés; D = modell-déntés Cb-radar-
ech6 kovetéssel; 0, 1, 2 = széllokés kategéridk; h = helyett; ( ) = szdzalékos érték
az adott sor dsszes dontéseihez viszonyitva; A = izobdrikus ,,mocsér’’ helyzet; C = kon-
vergencia; E = divergencia; F = prefrontdlis gradiens helyzet; G = meleg front; H =
instabilitési vonal; I = hideg front; K = posztfrontdlis gradiens helyzet.

Dontések értékelése
nlgg?itlfssé}sl&‘fzzelt Folébecslés ‘ Megegyez6 | Aléibecslés ' Bt
6dja 1 ‘ ’ dbntés
1h0 2h1 | 2h0 | — | Ohl ' 1h2 0h2 |

A 6 (7,4) 8 (9,9) | 5 (6,2) 62 (76,5) = = — 81

C 14 (5,8) 39 (16,1) | 2 (0,8) 181 (74,5) 4 (1,6)| 3 (1,2) — 243

E = — = 5 (100,0) — — — 5

n* F 1(2,7) 10 (27,0) | 2 (5,4) 23 (62,2) = 1 (2,7) — 37
G - 5 (71,4) == 2 (28,6) = = —= 7

H = 9 (23,1) = 30 (76,9) == =] = 39

I — 9 (13,2) — 59 (86,8) =S = =7 68

K 6 (7,7 11 (14,1) | 2 (2,6) 59 (75,6) = = = 78

A 5 (6,2) 8 (9,9) = 68 (83,9) = £ = 81

C 11 (4,6) 36 (15,0) = 190 (79,2) = 3 (1,2 — 240

E = = = 5 (100,0) = — = 5

D F 2 (6,3) 7 (21,9) | 1 (3,1) 21 (65,6) —_ 1 (3,1) — 32
G — e — 7 (100,0) — — = 7

H — 5 (13,5) - 31 (83,8) — 12,7 — 37

I = 6 (8,6) — 64 (91,4) = - - 70

K 6 (7,9) 11 (14,5) — 59 (77,6) - — — 76

3. Azokban az esetekben, amikor a Balaton tavolkorzeti mintavételi tér-
ségébe (2. abran a II. korzet) markans idGjarasi objektum, vagy konvektiv
rendszer (pl.: zivataros bideg front, I, meleg front, @, instabilitasi vonal, H)
1ép be, ill. ott kifejlédik, akkor attél az id6ponttél kezdve egészen a Balaton
térségének elhagyésdig (veszélyeztetéséig) a Cb-radarechék tér- és iddbeli ko-
vetésével nyert informacidk jelentésége hattérbe szorul a modellbeni egzisz-
tencidlis informécidkkal (pl.: markéans idGjarasi objektum azonositésa folya-
matos Ap ellenérzéssel izobarstruktira vizsgélat stb.) szemben. Ilyen esetek-
ben elsdsorban a viharjelzések optimélisabban és fokozatosabban megvalésit-
haté felolddsanal jelentGsebb az informacié nyereség (4. tablazat).

4. A 4. tdblazat alapjan megdallapithat6, hogy a pre- (F) és posztfrontalis
(K) er6s nyomdsgradiensti id&jardsi helyzetekben kifejlédott zivatarfelhGket
kiséré maximalis széllskések megitélése a leggyengébb. Ez annak a kiovetkez-
ménye, hogy sok esetben a prognosztizalt szél a nyomésgradiens (Ap) beépitett
kritikus értékeit meghaladva sem kivetkezett be a virt nagysigrendben.
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5. A pozitiv tesztelési eredmények (3. és 4. tablizat) alapjan a dontési
modell alkalmazésa elSsegiti a viharjelzé szinoptikus gyorsabb, komplexebb
és ennélfogva optimalisabb dontéshozatalit a folyamatos viharjelzések ki-
addsanal, fenntartdsandl, ill. felolddsanal a 4 km-nél nagyobb tetdjii zivatar-
felh&s idSjarasi helyzetekben.

6. A Cb-radarechdk tér- és idSbeli kovetésének automatizaldsdval boviilt
dontési modell soronkovetkezs, és részben méar folyamatban 16v6 tovébbfej-
lesztései kozott tervezziik:

a) a zivatarfelhSket kisérd, potencilisan és effektive (szél)veszélyes idGtarta-
mok fennmaradasdnak valdszinfiségi becslését;

b) az automatikus radareché kivetés tokéletesitését a markéins id8jardsi ob-
jektumok, konvektiv rendszerek objektiv felismertets eljardsainak beépi-
tésével ;

c) a zivatarfelhGk kialakuldsat segité vagy gatlé légnyomési struktirak ob-
jektivebb értékelését és felismertetését.
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CH. PFISTER: Klimageschichte der Schweiz 1525— 1860 (Svdjc éghajlatanak torté-
nete, 1525—1860). 3. javitott kiadds. Verlag Paul Haupt Bern und Stuttgart, 1988.
1844164 oldal, 28430 dbra, 344 7 tdbldzat két kotetben, tobbszdz irodalmi hivatkozés.

A nemzetkozi szakkorokben jol ismert svédjei éghajlatkutaté a kovetkezé mondatta
vezeti be konyvét: ,,A természettudoményok a kémidtol a fizikén keresztiil a botanikdig,
glaciolégidig, meteorolégidig és geografidig az utébbi évtizedek sordn koherens képet
alakitottak ki az éghajlat torténetérdl, és arra térekszenek, hogy ezt folyamatosan toké-
letesitsék, kiszélesitsék és elmélyftsék.” Ez a mondat is jelzi, hogy a szerzé csaknem
ogyediilall feladatra véllalkozik: 6sszegy(ijteni minden lehetséges adatot a legkiilonbo-
z6bb szaktudoményok segitségével, az éghajlat mualtjanak minél valésdgh{ibb megisme-
résére. Masfél évtizednyi szorgos kutaté munkéjénak eredményeit foglalja dssze ebben a
kétkotetes mfiben. Sajndlatos, hogy hatalmas szakirodalmi dttekintéséb6l kimaradt
Réthly Antal munkédja. 7

Az els6 kotet két nagyobb részre tagolédik. Az elsd részben az adatforrdsok fel
soroldsat talaljulk, tovdbba a kiillonboz6 adattipusck interpretéciéjénak, egységesitésénel
madszereit. Az adatforrdsok elsé csoportja csaknem azonos jellegli a Réthly Antal dltal
haszndlt forrasokkal: kronikdk és évkonyvek, kozigazgatdsi okiratok, magédn foldtulaj-
donosok konyvelései, magédnfeljegyzések, id6jdrdsi naplok, hirlapok, kivdlé megfigyel6k
feljegyzései. A mésodik fejezet a mifiszeres mérésadatok dttekintésével kezdsdik, majd
ezen adatok objektivizéldsat és mindségi értékelését tartalmazza, végiil tovdbbi adat-
forrdsokat sorol fel, mint pl. héesés és hotakaro, a tavak és folyok befagydsa, biolégiai,
hidroldgiai, fenologiai, dendroklimatolégiai, glecesertorténeti adatok. Az elsé rész har-
madik fejezete a kiillonboz6 tipust adatok egységesitésének modszereit mutatja be.

A midsodik rész taldn a legérdekesebb és a legtobb figyelmet érdemli. Mindenekel&tt
tisztdzésra szorul az éghajlatvéltozds gytjtéfogalma, ami ald a szerzé a kovetkezd rész-
fogalmakat sorolja: 1. periédikus véltozésok, 2. hirtelen nivévéltéds a trendben, 3. kvézi-
periédikus véltozdsok, 4. staciondrius trend, 5. siillyed6 (emelkedd) trend, 6. novekvé
valtozékonysdg. A vdltozds mértékére a szorés 1/2-d része, mint mértékegység haszné-
latos. Az éghajlatviltozds idétartama a WMO szerint legaldbb 5—11 év, az ennél rovi-
debb ingadozdsok a zaj fogalma ald esnek. Rudloff az id6tartam als6é hatdrdnak a 30
évet jeldli meg. A szerzé a kiilonbozé adatok szintézise, a szdrazsdgi, h6mérsékleti indexek
bevezetése utdn egyediildllé adatsorokat &llit fel: évszakos és éves bontdsban megadja
a hémérséklet és ecsapadék idébeli alakuldsat az 1500-as évek elejétol 1979-ig. Az €rtékes
adatok gy(ijteményét terjedelmes tabldzatok foglaljak ssze.

A midsodik kotet egyetlen témadval foglalkozik, mégpedig az éghajlat hatdsdval
a mezdgazdasdg és népesedés torténetére. Klimatologusok szémdra kissé szokatlan,
hogy az évszakok néhdny évtizedig tarté megvaltozésa (hidegebbre-melegebbre, szdrazra-
nedvesre forduldsa) a kilonboz6 mezégazdasdgi termelésen (gabona, tehenészet, bor)
keresztiil a népesség szaporodéséval, illetve fogyésdval hozhatéd oeszefiiggéshbe. Erdekes
az az elemzés, amely bemutatja, hogy az agrotechnika fejlettsége milyen mértékben
csdkkenti a terméseredmények fiiggését az éghajlat ingadozdsaitél. Svdje hdrom f6 me-
zOgazdasdgi termelési dgazata: a félnomdd pédsztorkodds (tehenészet), a gabonatermesz-
tés, a munkaigényes szél6termelés. Az éghajlat atmeneti rosszabbodédsa esetén pl. a termés
csdkkenése kovetkeztében a falusi lakossdg alultdapldltséga megndoveli a haldlozési ardnyt,
a népesség fogy. Ez a hatdsldnc kiilondsen nagy jelentdséget kap az elmaradott orszdgok
gzocidlis helyzetének elemzésében. s ez méar nem a mult, hanem a jelen és jovends
lkérdése.

Koppany Gy,
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P. WARNECK: Chemistry of the Natural Atmosphere (A tiszta légkir kémidja).
Academic Press, San Diego, New York, Berkeley, Boston, London, Sidney, Tokyo and
Toronto, 1988. 753 oldal, szdmos abra, tabldzat és irodalmi hivatkozés.

Jelen kotet Junge ma mar klasszikus konyvének publikdldsa utdn huszonot évvel
jelent meg ugyananndl a kiadéndl. Junge munkéja mérféldké a levegékémia torténetében.
Warneck miive viszont a legjobb, legtébb ismeretet kozl6 mfi jelenleg ezen a teriileten.
Erdekes, hogy Warneck, 1évén német kutatd, hosszu ideig Junge munkatdrsa volt. Kony-
vét is mesterének, a ,,légkori nyomanyag-kutatds uttoréjének’ ajdnlja.

Mindebbdl kovetkezik, hogy Warneck leveg6kémidn kb. ugyanazt érti, mint annak
idején Junge. Igy nem tdrgyalja a magaslégkori (a sztratopauza folotti) folyamatokat
és nem tér ki a kozvetleniil szennyezett levegs kémidjdnak tdrgyaldsdra. Ez uté6bbit mér
a cimben is jelzi a ,,természetes’’, azaz tiszta sz6 beiktatdsdval. Ezt nem tekintve azon-
ban konyvének szerkezete és kiterjedése jelentGsen kiillonbozik a klasszikus m{iétol.

Az els6 0t fejezet felépitése didaktikailag igen j6. A légkor Osszetételét, szerkezetét
és dinamikédjinak szikséges alapjait tartalmaz6 els6 fejezet utdn helyes sorrendben
olvashatunk a fotokémia és a reakciékinetika alapjairél (2. fejezet), a sztratoszféra
kémidjardl (3. fejezet), a troposzféra kémidjdnak a metdn ciklusdval kapesolatos részeirsl
(4. fejezet), valamint a talajkozeli 6zonrél (5. fejezet).

A témakor buktatéit azonban Warneck sem tudja megkeriilni. A troposzférikus
6zon keletkezésében alapveté szerepet jatszé szénhidrogének, illetve nitrogén-oxidok
(és egyéb nitrogénvegyiiletek) tdrgyaldsdra csak a hatodik, illetve a kilencedik fejezetben
keriil sor. Az is érdekes, hogy a nitrogén- és kénvegyiiletek (10. fejezet) korforgalmédnak
bemutatdsa csak a légkori aeroszol (7. fejezet), valamint a felhé- és csapadékviz kémidjd-
nak (8. fejezet) taglaldsa utdn kovetkezik. Ez azért emlitésre méltd, mivel az aeroszol-,
illetve csapadékkémidban a kén- és nitrogénvegyiletek alapvetd szerepet jéatszanak.
Korforgalmukat ugyanakkor az aeroszol részecskék keletkezése és sorsa, valamint a lég-
kori kimosédéds hatarozza meg. Végiil a konyvet a szén-dioxid geokémidjdval (11. fejezet)
és a légkor keletkezésével és fejlédésével (12. fejezet) foglalkozd, igen j6l megirt részek
zérjak.

Szerz6 az emlitett nehézségeket vigy gy6zi le, hogy az egyes témakorok tdrgyaldsakor
ismétel bizonyos adatokat. Ez a moédszer azonban nem zavarja az olvasét, s6t lehet6vé
teszi a fejezetek egységét és biztositja a kinyv teljességét, ami igen fontos ilyen kézi-
konyvnél. Az is nagy elénye jelen munkédnak, hogy stflusa egyszerfi és vildgos, igy kezdék
is forgathatjdk. Mégis olyan mélység(i, hogy pl. adott numerikus modellezési probléma
megolddsa a kozolt informéciékbél szinte azonnal adédik.

Meg kell emlékezniink a felhasznalt irodalom hatalmas mennyiségérél is: a hivat-
kozésok nyolevanot (!) oldalt tesznek ki. Tekintve, hogy egy oldalon étlagosan huszonot
idézett mfivet taldlhatunk, a hivatkozdsok szdma tobb, mint kétezerre tehet6 (magyar
szerzbkre nyole hivatkozds torténik). Ez a tény egyrészt jelzi a levegékémia tudoményé-
nak az utols6 évtizedekben végbement hatalmas fejlédését, mésrészt tovdbb néveli
Warneck nagyszer(i mfivének haszndlhatésdgét. Forgatdsdt ezért minden érdeklédének

ajanljuk.
Mészaros EH.
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MESZAROS ERNO AZ MTA RENDES TAGJA

A Magyar Tudoményos Akadémia az
1990 méjusdban tartott CL. kozgyf(ilésén
Mgészdros Erndt rendes tagjainak sordba
valasztotta. Szolgdlatunk Kozponti Lég-
korfizikai Intézetének igazgatéja Berde
Aron, Schenzl Guids, Konkoly-Thege Mik-
168, Steiner Lajos, Béll Béla és Czelnai Ru-
dolf mellett a hetedik meteorolégus, aki az
Akadémia 1825-ben tortént megalapitdsa
6ta a tudoményos munkédssdgnak ebben a
legmagasabb foku elismerésében részesiilt.

Mészdros Erné az akadémiai levelezd
tagsdg 1985-ben val6 elnyerését kovetben
is aktiv és eredményes kutat6éi és tudo-
ménypolitikai tevékenységet fejtett ki.
Hazai és neves kulfoldi folyéiratokban
hasz tanulményt publikélt, a Meteorold-
giai Vildgszervezet felkérésére elkészitette
a héttérszennyez6dést mérd globalis halo-
zat dllomdsainak iizemeltetését lefrd kézi-
konyvet, az Akadémiai Kiadéndl nyom-
déba keriilt a légkori részecskékrdl és
magvakroél térsszerzOkkel angol nyelven
irt konyve. Az idén nydron zdruld otéves
akadémiai ciklus sorédn a Fold- és Bényé-
szati Tudoményok Osztdlyédnak elnok-

MUHOLDMETEOROLOGIAI

Az Orszdgos Meteorologiai Szolgédlat és
a Magyar Meteoroldgiai Térsasdg az MTA
Interkozmosz Tandcsa témogatésaval 1990.
dprilis 19—20-4n nemzetkozi mfiholdme-
teorolégiai szimpéziumot rendezett Viseg-
rédon. A kelet-eurépai orszagokbdl érke-
zett résztvevSkon kiviil meghivott vendég-
ként tobb neves nyugati szakember is jelen
volt. Tébbek kozott a szimpdziumon iid-
vozolhettiikk G. Szejwach-ot az EUMETSAT
szervezet, G. A. Kelly-t az ECMWEF és
J. Schmetz-et az ESA/ESOC részérdl.

A négy félnapos iilésen Osszesen 19 el6-
adéds hangzott el. Az el6addsok téméi a mfi-
holdmeteoroldgia {6 irdnyai koré csopor-
tosultak a kovetkezéképpen: 1. A sugdrzési
mérleg meghatédrozédsa miiholdadatokb6l
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helyettese volt, 1978 6ta a Meteorolégiai
Tudoményos Bizottsdg elnoke, 1980 ota
dll folyoiratunk szerkeszté bizottsdgénak
az é6lén, és tobb nemzetkozi szaklap szer-
kesztésében vesz részt. Az elmult években
szémos fontos hazai és nemzetkoézi kor-
nyezetvédelmi férumon miikodott kozre,
és 13. éve vezeti a Meteorolégiai Vildg-
szervezet Budapesten létrehozott lég-
szennyezettség-mérési oktatdsi kozpontjat.

Miutén az Université de Bretagne Occi-
dentale (Brest) 1983-ban tiszteletbeli dok-
tordvéd avatta, idén nydron ismét igen
rangos nemzetkozi megbecsiilésben része-
siilt: tagja lett a mintegy 700 f6t szdmléld
Academia Europaea elnevezésii szervezet-
nek. A londoniszékhely(i szervezetet brit
kezdeményezésre 1988-ban alakitottdk meg
azon gondolatnak a Kkifejezésére, hogy
Eurépa oszthatatlan kulturdlis egységet
alkot. Mészdros Ernd egyike annak a hét
magyar tudésnak, illetve annak a tizenhét,
légkori tudoményokkal foglalkoz6 eurépa
szakembernek, akit az Academia Europaea
eddig a tagjai kozé véalasztott.

Gitz Q.

SZIMPOZIUM VISEGRADON

(C. Fréhlich, Rimécziné Padl A., Mika J.—
Kovdcs E.—Rimécziné Padl A., J. Schmetz,
R. Stuhlmann); 2. Mfiholdas szondézdsi
adatok felhaszndldsa a numerikus modelle-
zésben (Dévényi D.—Ihdsz I.—Radnéti
G.—Sipos Gy. két el6addssal, G. A. Kelly,
J. Krabee, Miskolezi F.); 3. A kozépsé 1ég-
kor folyamatai rakétaszonddzési adatok
tikrében (P. Hoffmann—W. Singer—D.
Kreuer—RE. Schminder—D. Kirschner—
H. Gernandt, G. Entzian—D. A. Tarasenko
—L. Milenkova, M. Stettler); 4. M(iholdfel-
vételekkel kapesolatos vizsgdlatok (M.
Desbois, P. Kocikova, Z. Sokol, D. Spin-
kuch, Tanczer T.: 5. Téjékoztatés az
EUMETSAT-r6l és a METEOSAT m(ihol-
dak fejlesztési terveirdl (G. Szejwach).



A hat magyar el6adés cimének bemuta-
tdsdval a kozelmult hazai miiholdmeteoro-
logiai kutatdsairél kaphatunk vézlatos
attekintést. Rimdcziné Padl Aniké ,,A fel-
szint eléré globdlsugédrzdas meghatdrozdsa
a GOES mifhold adataib6l”, Mika Jénos
— Kovécs Eleonéra — Rimoéeziné Padl
Aniké ,,A hosszihulldmt sugérzédsi mér-
leg parametrizéciéjanak kombindlt empi-
rikus és modellre alapozott becslései”,
Miskolezi Ferenc ,,Nagyfelbontdsa infra-
voros atbocsdtdsok és azok alkalmazdsai’,
Dévényi Dezs6 — Thdsz Istvdn — Radn6-
ti Gdbor — Sipos Gyé6z6 ,,Hagyoményos
és mfiholdas informéciék objektiv analizi-
se”’, valamint ,,A mfiholdas sugérzési ada-
tokban rejlé informéciok analfzise’ és Tén-
czer Tibor ,,A kihullhat6 viztartalom meg-
hatdrozdsa a MOS-1 mfihold vizgéz felvé-
telének felhasznédldsdval’” cimmel tartott
el6adést.

A tudomdnyos szfnvonal megfelelt az
elvardsoknak. Az el6addsokat kovets vi-
tdban szdmos Otletet vetettek fel a kutaté-
sok tovabbi folytatdsdra. Az elGaddsok
anyaga kiilon kiadvédnyban keriil megje-
lentetésre. A rendezvény egyméds munkés-
sdagdnak kolesonds megismerésén tul fgé-
retesnek mondhaté a jov6 szakmai egytitt-
miikodésének Gj alapokra helyezése szem-
pontjéabol is.

A taldlkoz6 légkore mindvégig jé volt.
A Parkerdégazdasdg épiilete kellemes el-
helyezést biztosftott a szimp6zium lebo-
nyolitdséhoz. Ugyancsak pozitfvan kell
szélnunk a szélldst nyujté ELTE udiil6-
r6l. Végezetiill nem lehet emlités nélkiil
hagyni a Dunakanyar fest6i kornyezetét,
amely szintén hozzdjérult ahhoz, hogy a
kozel 30 résztvevd jol érezze magdt.

Tanczer T.

TANULMANYUT HOLLANDIABAN

Az Orszégos Osztondfj Tandestédl elnyert
pélyézat alapjan 1990 méjusédban 10 napot
tolthettem Hollandidban, a Wageningenben
l6v6 Agréartudoményi Egyetemen. Hollan-
dia teriilete mintegy harmada Magyar-
orszdgénak, de itt folyik a vildgon a leg-
intenzivebb mezégazdasdgi termelés. Az
orszag mezbgazdasdgi exportja évente 30
milliard dollér értékti. Ennek a rendkiviil
fejlett mezdgazdaségi termelésnek az alap-
jét a magas szfnvonali oktaté és kutaté-
munka képezi. Eurépa legnagyobb agrér-
egyeteme a wageningeni. 6000 didk tanul
itt 700 tanér iranyitdsdaval és 12 000 fényi
kisegit6 személyzet igénybevételével. A
mezbgazdasdgi kutatasok is jorészt az
egyetemhez kapesol6dnak.

Két napot a Meteorolégia Tanszéken
toltotterm, mely ebben az évben lett on-
4116, korédbban a Fizika Tanszékkel egyiitt
alkottak egy tanszéket. A Meteorolégia
Tanszék vezet6je Wartena professzor. A
hérom docens feladata az oktatds és a ku-
tatémunka irdnyftédsa. 7 technikus és egy
titkdr segiti munkdjukat. A kutatémunka
zomét osztondijasok végzik. Ottlétemkor
kilenc aspirdns dolgozott a tanszéken,
akik négy évet kapnak arra, hogy egy
problémét a lehets legalaposabban koriil-
jérjanak, illetve megoldjanak. Mind az
oktatés, mind a kutatds 1ényegében mikro-
meteorologiai témékban folyik. A felszinen
lejatsz6d6 energiakicserél6dési folyamato-
kat nagymértékben befolydsolja a felszint
borité vegetécié sajétossdga. A vizsgdlati

anyagot, a nyers adatokat nemzetkozi
team é&ltal végzett expediciés mérések
szolgdltatjdk; vannak kisérleti teriileteik
Afrikdaban és Dél-Franciaorszdagban is, ahol
az arid és szemi-arid viszonyokat tanul-
ményozzdk. Természetesen helyben is mfi-
kodtetnek meteorolégiai dllomést, ahol a
legkiilonfélébb mfiszerek kiprébdldsa és
az oktatds szaméra torténé bemutatésa
folyik a standard méréseken kiviil.

A tanszéken kiilonb6z8 médszereket, —
modelleket hasonlitanak 6ssze és elemzik
ezek alapjan a folyamatokat. 1989-t61 fog-
lalkoznak miiholdképek alapjén torténé
vizsgdlatokkal. Sajat miiholdvevéjikon a
Meteosat képeket veszik. Ujdonsdgként
mutattdk be a Wageningenben m{iksdé
privat meteorolégiai szolgdlatot, mely
fliggetleniil, béar a tanszékkel egyuttmi-
kodve készit elorejolzéseket a kereskedelmi
radi6 és tv allomésoknak, informéeciét szol-
géltaté rendszereknek.

Ot napot az Elméleti Produkeiéskol6-
giai Tanszéken toltottem. A tanszéket de
Wit professzor alapitotta, aki ma mér
nyugdijas, de igen nagy tiszteletnek or-
vend, s szerencsésnek mondhatom magam,
hogy beszélgethettem vele. A tanszék je-
lenlegi vezetSje R. Rabbinge professzor, aki
tajékoztatott a feladataikr6l és szervezeti
felépitésiikrol. A tanszék f6 célja, hogy
Osszekosse az alaptudoméanyokat — kémia,
fizika, novényélettan stb. — az alkalma-
zott tudomédnyokkal — névénytermesztés,
novényvédelem, éllattenyésztés stb. 5 £6-
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4lldstt kutatét foglalkoztatnak, 17 tech-
nikust, valamint 20 aspirdns és 35 poszt-
gradudlis képzésben résztvevs didk folytat
tanulményokat és kutatdsokat a tanszék
kozremiikodésével. Négy {6 kutatdsi terii-
letiikk van: 1. Talaj és klfma; 2. Novényi
novekedés és fejlédés; 3. Novényi kérte-
vOk; 4. Mezbgazdasdgi rendszerek. En a
2. és 3. téma kutatdival ismerkedtem meg
kozelebbral.

A novényi novekedés szimuldciés mo-
dellezése a 70-es évektdl kezdédben képezi
alapfeladatukat. A kiilonbo6zé kiilsé felté-
telek hatésat vizsgaljék szédmos novény-
kultara esetén. Az ut6ébbi idében el6térbe
keriilt a légkor egyes kémiai Osszetevdinek
hatdsa az élettani folyamatokra, s ezen
kereeztiil a produkeciéra. Volt szerencsém
egyiitt dolgozni Jan GQoudriaannal, akinek
a neve a novényi novekedés modellezése,
valamint a mikroklima szimulédcié teriile-
tén dolgoz6 szakemberek korében igen
nagy tekintélynek srvend. Krdeklsdésem-
re elmondta, hogy milyen fejlesztéseket
hajtottak végre az 1977-ben publikdlt
MICROWEATHER szimulédciés modellen.
A fejlesztések lényegében az alkalmazast
megkonnyits egyszertisitésekbdl alltak, to-
vébbd elddllitottak egy olyan wverziét is,
amely személyi szdmitégépen is futtatha-
t6. Ez utobbit, valamint az in. SUCROS
novény novekedési modellt magneslemezen
rendelkezésemre is bocsdjtotta a szerzd.
Munkédnk sordn az dltalam Keszthelyen
mért meteorolégiai és novényi adatokkal
is lefuttattuk a modellt.

Alkalmam volt beszélgetni néhény aspi-
ranssal a kutatémunkdjukrél. Ujra kit{int,
hogy mostandban a legaktudlisabb kuta-
tdsi teriilet a légkori osszetevék, féleg a
megnovekedett CO, koncentrécié hatésé-
nak vizsgdlata.

1988 ota az OMSZ Agrometeoroldgiai
Féosztélydnak kutatdsi témaéai kozott sze-
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repel a névényvédelem szempontjait fi-
gyelembevevd agrometeorolégiai vizsgdla-
tok végzése. Ez a téma az altalam meg-
latogatott tanszék munkédjdban is jelentds
részt képvisel, annyiban meteorolégiai vo-
natkozdsokksl, amennyiben a kérnyezeti
tényezdk koziil a meteorolégiai, mikro-
meteorolégiai jellemzdk az okoszisztéma
meghatérozdi.

A novényvédelmi szaktandcsaddsi rend-
szerekben glkalmazott médszerek kidolgo-
zdsa — elméleti megalapozdsa kapesolédik
a tanszék feladataihoz. Az Gszibuza no-
vényvédelmére kidolgozott szaktandcs-
addsi rendszer, amelynek elméleti és vizs-
galati hétterét féként a tanszék munka-
tarsai adtdk, ma médr a gyakorlatban is jél
miikodik. A farmergazdasdgok szdméra
szolgaltat az Oszi buza kiilonboz6 beteg-
ségei, kdrtevdi elleni védekezéshez tana-
csokat arra vonatkozéan, hogy a permete-
zésnek milyen védrhaté anyagi haszna lesz.
A rendszer magja a populdcié dinamikai
modell. A farmer a sajét buzatdbldjdt
felméri, megéllapitja a fertézottség mér-
tékét. Ezt telefonon kozli a szdmitégépes
rendszert mfikodteté diszpéeserrel, aki
ennek alapjan lefuttatja a modellt és par
mésodperc mulva kozli a felhaszndléval,
hogy érdomes-e permetezni vagy sem.

Ez a rendszer nem az aktudlis meteo-
rolégiai adatokat hasznélja, hanem klima-
tolégiai adatok alapjén kidolgozott mdéd-
szereket alkalmaz. Jelenleg folyik olyan
jellegti fejlesztés, amely az aktudlis, illetve
prognosztizélt  meteorolégiai  adatokat
venné figyelembe.

A rendszer miikodtetésének kozpontja
Lelystadban van, ahovéd egy kirdndulés
soran sikeriilt eljutnom, és sajat szemem-
mel ldthattam miként folyik ez a munka,

Hunkdr M.



SZERZOINK FIGYELMEBE

Az IDOJARAS célja az elméleti és alkal-
mazott meteorolégia targykorébe tartozd
tanulményok publikdldsa. A tanulményok
4j kutatési eredményeket tartalmazéd be-
szdmoldk,illetve adott szakteriilet idészer(i
kérdéseit osszefoglalé kritikai szemlecikkek
lehetnek. A kozlés nyelve: magyar vagy
angol. A kettes sortdavolsdggal gépelt
kéziratok két példdnyban kildendbék be
a kovetkezd cimre: IdGjaras SzerkesztSsége
1525 Budapest, Pf. 38.

A kéziratokat a szerkesztGbizottsdg lek-
tordltatja. A lektor nevét a szerzével nem
kozoljik. A kéziratnak a kivetkezd formai
igényeket kell kielégitenie :

Cimrész: Tartalmazza a tanulmény cf-
mét, a szerz6(k) nevét, munkahelyét és ez
utébbi pontos efmét.

Osszefoglalds: Kiilosn oldalakon, magyar
és angol nyelven, tartalmazza a kutatds
céljat, moédszerét és a kapott eredményeket.

Szovegrész: Alcimekkel értelemszeriien
fejezetekre tagolandd.

Irodalmi hivatkozésok: Széveghen a hi-
vatkozds tartalmazza a szerzd(k) nevét
aléhuzva és a publikdlds évét. Pl. egyetlen
szerzd esetén: Rona (1909), vagy ha a szerz6
neve a szovegbe nem illesztheté be: (Rona,
1909); két szerzb esetén: Gamow és Cle-
veland (1973); tobb szerz6 esetén: Baeséd
et al., (1953). Ha adott szerzék ugyanazon
évben publikdlt tobb cikkére hivatkozunk,
akkor az évszamhoz a, b stb. bet(iket frunk.
Az irodalom felsoroldsa a cikk végén a
szerzd(k) neve szerinti betf{irendben tor-
ténik. Folydirat esetén: szerzb(k) neve,
évszém, a cikk cime, a folyéirat neve, ko-
tetszdm, kezdé és befejezs oldalszém. Pl.:
Dési, F., 1955: A meteorologiai kutatds
idGszerli kérdései. Idéjdrds 57, 65—70.
Konyv esetén: Szerzg(k) neve, évszdm,
konyveim, kiadd, megjelenés helye. Pl
Junge, C. E., 1963: Aur chemistry and ra-
dioactivity. Academic Press, New York
and London.

Abrik: A kézirat elsé példdnydhoz az
dbrédkat pausz- vagy mm-papiron, a méso-
dikhoz az eredeti dbrdk madsolatét kell
csatolni. Az dbrdk aldfrédsait kiilon lapon
kell mellékelni. Fényképek fekete-fehér
szfnben, fényes, kontrasztos min6ségben
nyuajthaték be.

Tabldzatok: A tdbldzatokat szdmozds-
sal, szovegiikkel egyiitt, kiilon lapon kell
mellékelni.

Matematikai formulik és jelolések: A
nem latin betliket és kézzel frott jeleket
a margén ceruzdval frt magyardzattal kell
ellétni.
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B. 38. H-1525, Hungary. )

Papers will be subjected to constructive
criticism by unidentified referees.
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paper, the name(s) of the author(s) with
indication of the name and address of em-
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References: The text citation should
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should be attached to the second manus-
cript copy. The legends of figures should
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of good quality may be provided in black
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Tables: Should be marked by Roman
numbers and provided on separate sheets
together with relevant captions.

Mathematical formulas 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
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