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The atmospheric sulfur budget over Greece

B. D. KATSOULIS
Division of Astro-Geophysics
Department of Physics, University of Ioannina
45110, Toannina — Greece

This paper presents the atmospheric sulfur budget for the region of
Greece, including sea area. Anthropogenic and natural emission fluxes are
estimated from information in the literature; wet and dry deposition fluxes are
determined from both EMEP measurements and modelling results; and the
inflow and outflow terms are based on EMEP modelling results. For sulfur,
the total inputs and outputs for the region range from 0.34 to 0.46 TgSy~—?!
and 0.64 (4-509,) TgSy~!, respectively. Anthropogenic emission does not
seem to dominate the inputs, accounting for approximately 459%, of the total
inputs for sulfur. The three output terms are of similar magnitude, but all
have considerable uncertainties (ca 509%). The cycling of 8 in the atmosphere
over Greece does not have common features with that in other regions (e.g.
west-central Europe), in that anthropogenic S8 dominates the natural cycle
of the substance. Emissions within the region significantly exceed inflows to
the region, and the region is a net exporter of sulfur.

*

A léghkiri kénmérleg Gordgorszag folott. A cikk bemutatja a szdrazfoldi
és tengeri gorog teruletek légkori kénmérlegét. A szerz6 az emberi tevékenység
miatti és a természetes kiboesdtdst irodalmi adatok alapjén becsiili meg, mig
a szdraz és nedves ulepedés, valamint a be- és kidramlds mértékének meg-
hatérozdséhoz EMEP méréseket és modell-eredményeket haszndl. Az orszég
levegéjébe juté kénmennyiség évente 0,34— 0,46 Tg kozott mozog, mig a ki-
juté tomeg 0,64 (4-509%) Tg-mal egyenls. A teljes kibocsédtdsnak 459% -a antro-
pogén, azaz a természetes forrdsok is jelentés erdsségiliek. A két iilepedési fajta
és a kiaramlas erissége Osszevetheto egymaéssal, de mindegyikiik kb. 509%-0s
hibdt tartalmaz. A Gordgorszdg f6lotti kén-ciklus kiulonbozik Eurépa nyugati
és kozépsb részeire megbecsiilt korforgalmakto6l, ahol az emberi tevékenység
szerepe meghatéroz6. A gordg teriiletek kiboesdtdsdnak eréssége jelentésen
meghaladja a levegében bedramlé kén tomegét, igy az orszég ként exportél
maés vidékek f6lotti levegibe.

1. Introduction

The climatological data that are used in describing long-range transport
and deposition, as well as budget of air pollutants can be obtained from three
kinds of information. The first is the surface and upper air measurements
made on a routine basis around the region. The second informatior is a set of
derived weather types from the classification of individual large-scale synoptic
patterns. The statistics of occurrence of a given type and its evolution are very
useful in understanding gp S(\).grprs@n.ll flow configurations and the inputs and
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outputs of air pollutants in a region. A third information is a derived data set
from numerical weather forecasting models, which supply horizontal and verti-
cal winds with other pertinent fields. Some data of these kinds are described
at first briefly, in order to get an assessment of the contribution of different
source areas to the air pollutant concentrations, depositions, and their budget
in the Greek region. Then, the paper attempts to estimate the atmospheric
sulfur budget for the region. When discussing budgets of sulfur (and nitrogen)
as pollution problem, usually the investigation covers the sources and sinks
of sulfur compounds as well as inflows and outflows of this pollutant. Conge-
quently, the purpose of this study is to estimate the various budget terms, i.e.
man-made emissions; natural emissions, flows from outside the region, wet and
dry deposition, and outflows across the boundaries of the region, of this limited
area of the Earth.

Several investigations concerning regional or sub-continentul scales have
been published during the recent decade, or so. The most well-known of these
works are those referred mainly to sulfur budgets of central and NW Europe
(Granat et al. 1976; Rodhe, 1978; Rodhe and Granmat, 1983; Mészdiros, 1983;
Garland, 1977) and the Eastern United States and Canada (Galloway and Whelp-
dale, 1980; Qalloway et al., 1984). In addition, attempts have been made to
estimate budgets of sulfur in the atmosphere over limited areas, for instance
in Hungary, european USSR, and Federal Republic of Germany (Vdrhelyi,
1982; Vasilenko et al., 1988; Georgii and Perseke, 1979). Finally, modelling of
the emissions, concentrations, long-range transports and depositions of air
pollutants for some sub-continental and continental areas has been quantified
using a number of simple trajectory models (OECD, 1977; Kliassen, 1978;
Dovland and Saltbones, 1979 ; Ferm et al., 1984 ; Eliassen et al., 1988).

The data used in this paper have been collected from the KM EP—CCC
(Reports. 3/87, Eliassen et al., 1988). The EMEP network includes only stations
in rural areas which are not influenced by local sources. Calculations are made
from available annual data (1983—1985), at the Greek EMEP-site Aliartos
(p = 38° 13" N, A = 23°00’ E, 110 m). Unfortunately, there are at least two
problems with the data: (i) several monthly data sets have not been reported
and the completeness is very low; (ii) more than 509, of the SO, concentrations
are below the detection limit. Nevertheless, an overall view of emissions, dep-
ositions and transboundary flows could be estimated.

2. Physical aspects

2.1. Geographical features. Greece lies between about 35° N and 42° N, and
between 20° E and 28° E as shown in Figure 1. Its east-west extent is approxi-
mately 600 km, and its average north-south extent is about 800 km. The sea
encloses the Greek area except along the noth borders which are the boundaries
from the Balkan countries. The coastline is very irregular, having many inden-
tations. It is commonly divided into three major geographical areas:

(i) the western coastal areas, including the Ienian Sea and its islands;

(ii) the eastern coastal regions, including the Aegean sea with the islands of
the Greek Archipelago; and

(iii) the main land peninsula with the inland mountain ranges extended from
north-west to south-east.

These divisions must be kept in mind when discussing the flow climatology
and airborne transboundary transport of sulfur over Greece.
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The topography behind the coastlines of the Ionian and Aegean Sea is

complex; it provides both barriers to and channels for air flows that bring at
times extremely different air masses to the region.

2.2. Flow climatology of the Qreek region. In order to assess the contribution
of different source areas to the pollutant transport and budget over the region,
flow climatologies were analyzed.

The modified trajectory model of the Air Resources Laboratory (Harris,
1982) was used to identify origins of airflow patterns. This model calculates

trajectories to each receptor twice daily at standard pressure surfaces.
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Fig. 1. Map of the Greek region

For the calculation of the back trajectories from Greece, the 700 and
850 hPa standard levels were chosen as the most representative of the main
wind flow. The model utilizes the average observed winds at these levels.
The length of each trajectory was chosen as four days backward in time.
However, some calculations were terminated early, either because (i) the
trajectory extended beyond the area of interest, or (ii) no meteorological sta-
tions within a predetermined ,,radius of influence’’ from the trajectory position
reported observations. Most of these trajectories cover a distance between
1,800 to 2,400 km with high wind speeds (5—7 ms~1) indicating good ventila-
tion and dilution of pollutants. The study used five years data (1983-—1987).
The procedure for classifying the trajectories arriving in Greece is shown in
Figure 2. Trajectory direction was divided into four distinctive classifications
(W to N; N to E, E to S and S to W). These four sector categories are as fol-
lows:
1. Influence of maritime air masses from NW Europe reaching Greece (Ali-
artos, EMEP station); evenly distributed throughout the year.
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2. North-eastern continental flow originating from eastern Europe and north-
western Asia and most frequent during the summer period.

3. South-eastern flow from Northeast Africa and Middle East, infrequently
observed and occurring during fall.

4. South-western or western flow from Northwest Africa and/or from middle
Atlantic, most frequent during winter time.

TRAJ[‘ZCI‘ORIES TO GR1( 38.22N, 23.00E) 87005 — 1/ 5/87
A: 0Z 850 MB C: 12Z 850 MB
B: 0Z 700 MB D: 12Z 700 MB

W0

“w o

Fig. 2. The classification system used for the period of study. A typical example of NW

trajectories is shown for one day (5 January, 1987). A, B, C and D refer to time and

pressure level of the trajectory. Each number is the day back in time from the origin
of the trajectory

These four air flow patterns were evaluated in conjunction with the weather
types featuring the Greek region. From the aspect of pollution transport and
budget within this region, the flow pattern that exerted a rather long range
transport was that from the north-western Europe, the most frequent trajec-
tory path, and predominated in the winter (38%,). The western to southwestern
flow crossing the Mediterranear. and reaching Greece was the second most
frequent trajectory path (289,), and predominated during fall and winter sea-
sons. The northeast continental flow was the third most frequent trajectory
path (219%,), and predominated during summer season. The southeastern flow
from the eastern Mediterranearn, and Northeast Africa infrequently observed
and occurring mainly during the spring and autumn seasons (6%). The
remaining category covers the case of south to south-western flow (7%,).
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3. The box model for sulfur diozide (80,) and sulfate (SO2) particles over Greece

In a box model the spatial distribution of the compound inside the box
is not explicitly considered. In most cases it is rather assumed that the condi-
tions inside the box are reasonably homogeneous. The ad vantage of a box model
is that it may enable an overall assessment to be made of the time scales in-
volved and of the relative importance of various transformation and removal
processes without laborious computations. Usually, the discussion is limited
to steady state situations where sources and sinks balance each other.

In this method the atmosphere over Greece, up to the tropopause is con-
sidered as a box with no vertical exchange with the atmosphere. (Transport to
the stratosphere is not an important process for sulfur species of short residence
time.) It is not assumed any accumulation of sulfur into the box over a year’s
period. This means that the gains and losses of the box (included also the role
of horizontal atmospheric transport) are equal on an annual average.

If Mso, and Mg, represent the masses of SO, and sulfate in the box at
time £, then the mass balance of these quantities are governed by (Slinn, 1980)

i =Ep+ Iy— (Dg + Dy + T+ 1) 1)
il\(;[:i —E T — O+ Dok I) (2)

where, E,,, is the total SO, emission (man-made and natural); I, I'; are the
import terms of 80,, SO,2~ and I, T’,, are the export terms of SO,, SO2~ by
atmospheric transport; Dy and D’y, are the dry depositions of SO,, SO2- ;D
and D, are the wet deposition of SO,, SO~ while 7" is the amount of SO,
transformed into sulfate within the box. If the concentration of the two

species is not changing, then a steady state may be pressured in which d% =

= 0 and dl:i{:m = 0. Consequently, the mass balance equations for SO, and

sulfate can be presented separately, as follows:

Em+Im=Dd+Dw+T+Ie (3)
T+ Ip=D4+ Dy +1T, (4)

Let AI = I, — I, and AT’ = I',, —I’e, then it follows from equations (3)
and (4) that

Al =Dq + Dy + T — Enm (5)
AT’ =D’q + D'y —T (6)
The emission, dry and wet deposition terms as well as the transformation term
are determined directly on the basis of atmospheric measurements. Then the

transport terms for SO, and SO~ particles, AL and AT’, can be derived to bal-
ance the Greek region sulfur budget.
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4. Sources of sulfur compounds over Greece

The major sulfur containing compounds in the atmosphere are carbonyl
sulfide (COS), carbon disulfide (CS,), dimethyl sulfide ((CH,),S), hydrogen
sulfide (H,S), sulfur dioxide (SO,), and sulfate (SO,22-). The sources of atmos-
pheric sulfur compounds are biological decay, combustion of fossil fuels and or-
ganic matter, and sea spray. Natural and anthropogenic emissions occur as SO,
(or as H,S and other reduced sulfur species that are rapidly oxidized to SO,),
which may be removed by wet or dry deposition or oxidized to sulfate, which
may also be removed by the two precesses.

4.1. Anthropogenic emissions. Anthropogenic emissions of SO, are estimated
to represent an appreciable fraction of the flux of sulfur to the atmosphere.
The variations among the estimates are indicative of the degree of uncertainty
involved in estimating the global sulfur cycle. The main man-made sulfur
sources include domestic heating, power plants, industrial and traffic emissions.
The anmual total sulfur emissions to the atmosphere of Greece, based on the
yearly average values for the period 1983—1987 (Eliassen et al., 1988), are
0.18 TgSy-1. The accuracy of this value is estimated to lie within the yeav
to year variation in emission figures (109,) during the years 1978 to 1987
(Mylona, 1989).

4.2. Natural sources. Natural sources of sulfur include sea-spray, aeolian
weathering of soils, emissions by volcanoes and geothermal areas, biomass burn-
ing, an. biogenic emissions from soils, plants, wetlands and the ocean. Few
reliable measurements of natural emissions exist world-wide and estimates of
their magnitudes vary widely. Often, natural emissions have been derived to
balance either regional or global budgets. Based on the information available
in the literature, natural emissions of sulfur in Europe have becn estimated to
be less than 109, of the total emissions (EMEP/CCC, 1981).

The natural source strength of sulfur compounds can be estimated on
the basis of a data compilation by Katsoulis and Whelpdale (1989). By taking
into account the average southeast Europe emissions of sulfur compounds of
0.3—0.9 TgSy~* obtained by the above authors and the territory of Greece
(long cosstal wetlands and volcanoes), the yearly amount of natural sulfur
emissions are estimated to have an order of magnitude of 0.14—0.26 TgSy .
It seems that this range is too high. First, this portion of the area consisting of
a small land and an inland sea is less exposed to high wind and storm conditions
than is the open ocean and would likely have a sea-spray production rate
substantially less than a broader average. Second, it is estimated that around
909, of the spray sulfur produced is redeposited to the sea surface. The only
important direct atmospheric source of sulfate particles, the oxidation of SO,
into sulfate (SO2-) will be discussed later.

9. Sinks of sulfur compounds

§.1. Wet deposition. Measurements of precipitation composition in Greece
are not available. Then, wet deposition in this region is determined by deposi-
tion maps based on EMEP model calculations (£liassen et al., 1988). On the
basis of a contoured wet deposition field for 1985, we estimate sulfate deposi-
tion to the land surface of the region to be approximately 0.10 TgSy-! (0.8
g Sm~2y~1x0.132 X 1012 m?). The year to year variability of the total deposition
to the country, based on the annual budgets (for the period 1979 to 1988), is
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small (at about 59,); therefore, using only 1985 does not introduce a large bias
into the calculations. Deposition over the sea, as determined by the model, was
not available, but based upon mapped contours and gradients, the deposition
of sulfate is approximately 0.4 g Sm~2 y~-1 for a deposition to the sea of 0.12
TgSy-* (0.4 g Sm~2y~10.29 X 10 m?). Our method of obtaining deposition
from map contours may have introduced some uncertainty into the model
estimate. To date detailed comparisons of observed and calculated wet and
dry deposition in this region have not been carried out. Nevertheless, the reason-
able agreement obtained for most of Europe engenders confidence in the mo-
del results. We have nio reason to suspect that the model underestimates wet
deposition.

MEDITERRANEAN

Fig. 3. Total deposition

of sulfur from Greek

sources for the 1985 (in
gm™? as 8S)

5.2 Dry deposition. Dry deposition is usually described by the deposition
velocity, vq = F/C(z), where F is flux towards the ground and C(z), is concen-
tration at a reference height.

One EMEP station in the region reports measuring sulfur dioxide and
particulate sulfate. We have used the concentration data from this station for
the years 1983 through 1985, along with contoured concentration field prepared
by the EMEP program (EMEP—CCC, 1987) to estimate regional concentra-
tion values. For sulfur dioxide, the regional average concentration over land
is 4.4 + 1.0 pgSm~2 and over the sea it is 3.0 4 1.0 pgSm~3. For sulfate, the
corresponding values are 1.3 -+ 0.7 pgSm~3 over land and 2.0 4 1.0 pgSm-3
over sea.

Taking into consideration the geographical characteristics of the country
and the various types of vegetation and soil, average deposition velocities
of 0.2 and 0.6 cms~! for sulfur dioxide and 0.2 and 0.4 cms~! for sulfate were
used, for the plains and forest-covered mountainous regions, respectively. Plaing
and basins cover approximately 209, and mountainous regions about 809, of
the land area. These values of deposition velocities are in accordance with
those suggested by the workshop of the International Symposium on Sulfur
in the Atmosphere held in 1977 (Husar et al., 1987). Over the sea a deposition
velocity of 0.4 ems—! was used for both sulfur dioxide and sulfate.
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Based on available concentration measurements, the total sulfur dry de-
position in Greece is estimated to be 0.12 TgSy~! to land (0.095 TgSy~! from
S0, and 0.019 TgSy~* from SO,>~) and 0.18 TgSy~* to the sea (0.11 TgSy~* and
0.07 TgSy-! from SO, and SO,>-, respectively). The overall uncertainty in
these figures is estimated to be about 509%,.

Figure 3 is a computer produced map for the calculated sulfur distribution
of total deposition based on model (Eliassen et al., 1988, EMEP/MSC-W, Rep.

TABLE 1

Mean concentrations (ugSm=3) for 8 transport sectors at Aliartos station
(U indicates undecided direction of transport)

Sector T ;

component ' N I NE E SE l S ’ SW 1 w 1 NW | U

S0,-S 89| 14| o0 0 0 | 4.0 \ ' 59| 3.8
S0,-S 1.1 el o 0 0 1.3 24 43} 19

1/88, Annex B). The map represents 1985 conditions, but not necessarily mean
general conditions. The most probable dominant pathways for transport of
sulfur to the region was from the industrialized north-western Europe, accord-
ing to the direction of origin of the air as determined by trajectories. The de-
pendence of concentrations on transport direction must reflect the position
of major source areas. Results of a sector analysis for 1985 for the Aliartos
station are presented in 7'able 1. The analysis shows that sectors with high mean
concentrations are generally directed towards major sulfur emission areas wich
are highly industrialized.

6. Amount of SO, transformed to sulfate (S02~)

The atmospheric SO,—S02~ oxidation can be taken as a first order reac-
tion; therefore, the sulfate amount formed from SO, is given by

T = kM(SO,) (7)

where, £ is the rate constant of the SO,—S02- oxidation and M(SO, ) is the
total SO, content of the box over Greece. The average conversion rate is likely
to be in the range 0.007—0.04 h-! for European conditions (e.g. Eliassen, 1978 ;

Horvdth and Bonis, 1980). A value of 0.035 h-* for % has been adopted in the
calculations referred to this section. The scale height of SO, is approximately
800 m over Greece according to Dayan and Miller (1987). This gives 1060 t of S
for M(S0,) when the average atmospheric ground surface SO, concentration
of 5 pgSm~3 is taken into acount. Then the value of 7' equals to 0.16 TgSy-*.

The values of the components of the SO,, SO,2- determined in the preced-
ing sections as well as the value of 7" are given in T'able 2. We choose to use the
upper limit of the two values which bound the range of sulfur total emissions
(0.32—0.44 TgSy~1), since the magnitudes of many of the natural emission
terms are realistic probably at the higher values of the range.

It can be seen that the different removal processes are of about the same
importance in the case of SO,. These processes are able to overcompensate the
Greek SO, emissions on a yearly average.

About 509, of the SO, transformed to sulfate is removed by dry deposi-
tion of sulfate particles. The wet deposition of sulfate particles seems to play
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a moderate role in raining and washing out of sulfur from the atmosphere over
Greece.™® ;

The values of AL and AT’ are also shown in Table 2. The positive sign of
AT means that larger amounts of SO, molecules are inflowed over Greece then
deposited on the ground surface. The negative sign of AT’ means that larger
amounts of sulfate particles are produced over Greece then deposited on the
surface. It can be said that a sulfur amount corresponding to about the whole

TABLE 2
The components of the atmospheric sulfur budget over Greece
(TgSy™)

Component \ SO, ‘ SOz~ i Total
E, 0.44 — 0.44
T 0.16 0.16 -
Dy 0.21 0.09 0.30
Dy 0.22 — 0.22
Al AT’ +0.15 —0.07 | +0.08

of the Greek sulfur emissions is removed in the region by dry and wet deposi-
tion of SO, and sulfate particles.

7. Inflows and outflows

The determination of sulfur inflows and outflows for Greece is rather diffi-
cult without direct measurements of these fluxes. However, we do have avail-
able model-based budget calculations for EMEP countries (Eliassen et al.,
1988) which can be used. Using Tables 3.6—3.8 in Eliassen et al. (1988), three
year (1983—1985) average outflows and inflows are determined for land area of
the region. For Greece, the total sulfur inflows and outflows for the country are
17 and 122 GgSy~!. The two major inputs of sulfur to the atmosphere of Greece
are anthropogenic emissions and voleanic emissions (180 GgSy~!). On the basis
of these estimates, a great part of Greece’s emissions flows out the region. The
inflow from anthropogenic emissions outside the region is lower than the emissi-
ons within the region.

8. Atmospheric sulfur budget

The approximate sulfur budget for Greece is summarized in T'able 3, and
shown schematically in Figure 4.

The anthropogenic emissions within the region are balanced with natural
emissions, whereas inflow from outside the region provides smaller but still
significant amounts.

The output terms are less certain than the inputs. It can be seen that the
different removal processes dry and wet deposition are wImost of the same order.
The derived estimates for wet and dry deposition are most suspect, and they

(I) The Editor of this journal believes that this statement is very questionable and
further research is needed in this respect.
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TABLE 3
Atmospheric sulfur budget for Greece

Term Sulfur Flux
(TgSy 1)
Inputs
Anthropogenic emissions 0.18
Natural emissions 0.14—0.26
Inflows 0.02
Total 0.34—0.46
Outputs :
Wet deposition 0.22
Dry deposition 0.30
Outflows 0.12
Total 0.64

may well be high. Uncertairties in the input and output terms are probably
approximately 20—509%,. Additional representative measurements of both
precipitation and air constituents are required to permit refinement of the
budget. Using the combination of measurements and modelled values they will
be permitted some useful checks on consistency of estimates and budgets.

9. Concluding remarks

Our main concern in this work was to present briefly a flow climatology
for the Greek region in order to obtain an insight of the climatology of inflows,
deposition and outflows of the sulfur air pollutant in the area. Beginning with
a description of well-known geographical features of the Greek region, special
studies of the trajectory climatology and the ztmospheric sulfur budget are
followed. :

It must be noted that the reliability of our results based on the comparison
of the emission and deposition of sulfur over Greece is highly affected by the
uncertainties of the data taken into consideration. This is true in particular
concerning the value of the emission used. Thus the present work can only be
regarded as a preliminary assessment of the Greek sulfur budget. The main
aim of this paper has been to present a way to evaluate the sulfur budget of the

INFLOW OUTFLOW

==> 0.02 S O >

0.22 0.30

R
1 % <

anthropogenic natural wet dry Iig. 4. Schematic representa-
tion of the atmospheric sulfur
EMISSIONS DEPOSITION budget for Greece (TgSy™)
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region. Further research is needed in this field, at first in order to get more
precise data regarding to both the emission and deposition on the basis of which
more reliable conclusions can be drawn and, on the other hand, in order to
follow the changes in time occurring in the sulfur budget.
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Forecasting of the total precipitation and mean air temperature
during the vegetation period of spring wheat

L. KUCHAR
Land Reclamation and I'mprovement Facully,
Agricultural University— Wroclaw
ul. Grunwaldzka 53, PL— 50357 Wroclaw (Poland)

The probability distributions of mean temperature and total precipitation
during the vegetation period of spring wheat are presented. The conditional
distribution of mean air temperature and total precipitation is constructed
to determine the probability of given meteorological conditions. The model
validation proved the method {0 correctly illustrate the forecasting of described
parameters during the vegetation period of spring wheat in different parts of
Poland. The method is illustrated by the example of 1980 with extreme
weather conditions and data obtained at the Experimental Station of Agri-
cultural University of Wroelaw.

¥

A csapadék és a hémérséklet elérejelzése a tavaszi biiza vegetdcids idészakdra.
A megel6z6 fenofdzisok meteorolégiai jellemzdinek figyelembevételével a hé-
mérséklet és a csapadékmennyiség feltételes valdszin(iségi eloszldsa meg-
becsiilheté és ennek segitségével e két meteorolégiai elem elérejelezhets. A
Lengyelorszdg kiilénféle teriileteire vonatkozé szémszer(i eredmények igazoltdk
az adott modell hatékonysdgét. A jelenlegi cikkben az eljarést a wroclawi
megfigyelési adatsorra elvégzett szdmitdsok illusztraljak.

Introduction. Water and thermal conditions are basic meteorological fac-
tors affecting the yield. Their role in and influence on the development of plant,
is the subject of a large number of studies (Panofsky and Brier, 1972).
However, one of the most important problems is the prediction of the above
random variables with as long time horizon as possible. Such prediction is not
only very important for yield forecasting, but for other branches of agriculture
as well (prediction of plant phenology, so0il moisture, programing of farm works
and others (Primault, 1980; Robertson, 1983)). The above problems implied a
lot of investigations (Report, 1985; WCAP, 1983; Vaidyanathan, 1980).

In this paper some investigations concerning the longterm prediction of
mean temperature and total precipitation are presented. A weather-crop model
of spring wheat is a basic application of the following method.
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1. Meteorological variables and forecast

Let us define the following dates of phenological stages:

x, — the date of emergence;

x; — observation date of stage No. 7, (1 = 2,..., n—1);

x, — the date of full ripeness;

n — number of stages;

and the random variables:

p® — total precipitation from December 1 to date z; (¢ = 1,...,n);

t® — mean temperature during period 2, toz; (¢t = 2,..., n);
Phenological stages are noted according to standard phenological observation
(Hodges and Doraiswamy, 1979). The date z; (¢ = 1,...,n) are differ-
ent from year to year.

The properties of the method significantly depend on probability distribu-
tion of random variables p® and (p®, M), 5 =2,..., n. It was proved
previously that the above random variables are norma,lv distributed (Ku-
char, 1986). Then using the assumption about normality of joint distribution
in the form: (P®, tm, PM) and (P®™, t®, PO, t®) for ¢ = 2,..., n—1, the
conditional distribution is constructed (Rao, 1973):

Pr (PW, ¢ l PO = P*D) ~ N (f“’*' ¥*) (1)
for date z,;
Pr (P(n)’ (| PO = P*®, ¢ = t*(i)) ~ N (P'*’ %) (2)

fordatez; i = 2,..., n—1);
where
p* — conditionel mean vector;
>* — conditional covariance matrix;
Px0) %@ _ obgerved value of PV, t) variable;
Egs. (1) and (2) include total information about prediction of factors P, ¢
which can made for each date z, and ; (4 = 2, ..., n—1).

It is notable that modifing the formulae (1) and (2) as follows:
(P, t®), PO, {0) ~ N(u, X)
fork=38,...,n;andé¢ =2,..:; k—1;
(P‘k)) t(k)) P(l)) ~ N(p-) Z)
fork =2,...,n;

we obtain the forecasts of total precipitation and mean temperature for each
phenological stage which is a considerable generalization of the method.

2. Validation

The following method was pre-tested for spring wheat using the data ob-
tained at Experimental Station of Agricultural University — Wroclaw (the
normality of distribution p®, (p®, ¢, i = 2, ..., n using 2 was tested too
(Kwuchar, 1986).

Based on the positive results, similar forecast procedure for other parts
of Poland (represented by six Experimental Stations), has been done. The
method has been tested parallelly to the EPM-model (Kuchar, 1989) and then
applied in this model. About 100 tests for different years (the total precipita-
tion and mean air temperature were forecast for the date of full ripeness of
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wheat) showed that the prediction method correctly evaluated the weather
course during the vegetation period of the plant considered.

To measure the goodness — of — fit of the models, the mean relative pre-
diction error ED(x) and standard fitting error (E,x) described as follows are
used (Kuchar, 1989; Winer, 1970):

1 m ) (i)
ED(x) = — o J‘”_xmxﬂ . 100 %, (3)
i=1

m

2 [29 —apa?

i=1

B,y = — - 1009, (4)
Y [0 —z]p
i=1
where
2®  — is the observed value of total precipitation or air temperature;

\ea — is the estimated value of total precipitation or air temperature with
conditional distribution (1), (2) — using the cross validation method ;

2  — is the mean value for observations z(®;
m  — is the number of years observed ;
TABLE 1

Mean errors ED(P), ED(t), Exp) and Eqat) computed for seven Haperimental Stations
situated in different parts of Poland

Type of Time (stage) of forecast preparation
error Wm ] @ [ e | o] e | ® |
ED(P) % 12.3 12.1 11.2 9.9 7.6 5.9 3.4
ED(t) % 5.9 4.1 3.1 2.4 1.8 1.4 PRg1
Ear) % 75.2 723 66.9 63.2 48.7 34.0 23.4
Ea(t) % 99.6 56.2 48.1 40.3 30.3 21.2 14.1

Both errors for all seven Experimental Stations are presented in 7'able 1 with
the following notation for phenological stages: (1) emergence; (2) tillering; (3)
shooting; (4) heading; (5) flowering; (6) milk ripeness; (7) was maturity.

The error ED(x) computed for mean value # (prediction by mean value)
is equal to 14.5%, for precipitation and 6.3%, for mean air temperature and
presents a background for the method efficiency. These errors, using the succes-
sive data of annual year and forecasts by conditional distribution are reduced
to the 3.4%, and 1.19%, (stage: wax maturity — last prediction), respectively.

Similary, the error E,)decreases from 99.6%, to 14.1%, for the mean tem-
perature and from 75.29, to 23.49%, for the total precipitation. The above fact
(oberserved for both types of error) can be explained by the shorter time ho-
rizon of each next forecast, and by the aggregated form of anticipated variables.

The relations ED(t) < ED(P) and E,) < E,p) (observed in Table 1), are
determined by the fact of better distribution fitting and lower variability for
the thermal factor than that for the total precipitation. Only in the case of
emergence date (its forecast), temperature prediction error E,, is greater than
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E, ) (error is nearly 1009,), and it is envolved by the fact that the method on .
start uses only actually observed precipitation.

Summing up, the prediction errors ED(x) and E, ) using the mean vector
of conditional probability distribution, are less than the appropriate prediction
errors when using the long-term mean, and it proves the effectiveness of the
method.

During the period 1985 to 1989 the method was also used for potatoes and
pointed to the possibility of application of the method to other plants.

3. Brief example

The following example illustrates the application of the method for the
case of extremal weather conditions in 1980. For that year the conditional mean
vector (computed under condition of actual weather data), is well illustrated.
The susceptibility of conditional mean vector to actually recorded data is
observed too. The data were obtained from the Experimental Station of Agri-
cultural University-Wroclaw.

The meteorological data and phenology for the Collibri variety of spring
wheat for the period 1971 to 1985 were prepared as previously described. During
this time, the range of precipitation from 313.0 mm to 534.2 mm and tempera-

I mm 1 88

500 - ,0"0 16 |-
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- o 14 |
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i 12
300 ety
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Phenological time

Phenological time
1 1 1

k-
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Fig. 1. Illustration of P-variable: 1980
(o) and long period mean (¢) for each
observed stage of spring wheat

Fig. 2. Tllustration of t-variable: 1980
(o) and long period mean (@) for each
observed stage of spring wheat

ture from 13.7°C to 17.4°C was observed. The long-period means were 417.6 mm
and 15.6 °C for total precipitation and mean temperature, respectively. In par-
ticular, the 1980 was characterized by very low temperature (only the periods
(8)—(4) i.e. shooting-heading were warmer than average) and hight variability
of rainfall: wet period — its December till tillering, dry — tillering till heading,
very wet period — heading till milk ripeness and average wet period — from
milk ripeness till full ripeness.

Figure 1 and Figure 2 illustrate the course of total precipitation and mean
temperature during 1980 and respective long-period means for each stage.

First, the parameters of probability distributions of random variables
PO, (PO, ¢®) § = 2,..., 8 were estimated without the ,,predicted” year
1980 (in the following example — based on previous investigations — the
assumption about normality of variables is used). In the second step, the esti-
mation of parameters of conditional probability distribution (1) and (2) was
made. The conditional mean vector (prediction of total preeipitation — P®
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and mean temperature — (™ 7'), mean of long period and the course of
weather in 1980 for both variables — using the described method — looks as
follows:

Stage (1) — emergence (date: 1980—05—3)

1980 — P*1 = 195.8 mm
mean of long period — ppay = 143.2 mm
prediction of mean value P, t™: 439.2 mm, 15.7 °C
Stage (2) — tillering (data: 1980—05—19)
1980 — P*® = 196.8 mm, t*» = 8.9°C
mean of long period — wpzy = 175.0 mm, wyz = 11.4 °C
prediction of mean value P™, tm: 427.7 mm, 15.1 °C
Stage (3) — shooting (date: 1980—05—25)
1980 — P*® = 200.4 mm, t*® = 9.2 °C
mean of long period — up@) = 195.6 mm, py3 = 12.4 °C
prediction of mean value P™), tm: 413.5 mm, 14.5 °C
Stage (4) — heading (date: 1980—06—19)
1980 — P*4 = 2]18.8 mm, t*4 =129 °C
mean of long period — ppe) = 251.1 mm, 4 = 14.0 °C
prediction of mean value P®™), tm: 384.5 mm, 15.0 °C
Stage (5) — flowering (date: 1980
1980 — P¥® = 33]1.5 mm, t*® = 13.8°C
mean of long period — pre) = 305.3 mm, pys) = 14.5 °C
prediction of mean value P™, t@: 435.2 mm, 14.8 °C
Stage (6) — milk ripeness (date: 1980—07—24)
1980 — P*® = 449.8 mm, t*® = 13.9°C
mean of long period — ppe) = 339.3 mm, pye = 14.9 °C
prediction of mean value P®™, t®:; 498.5 mm, 14.9 °C
Stage (7) — wax maturity (date: 1980—08—11)
1980 — P*¥" = 511.0 mm, t*9 = 14.8°C
mean of long period — up@y = 392.3 mm, ) = 15.5°C
prediction of mean value P®, t®; 528.6 mm, 15.1 °C
Stage (8) — full ripeness (date: 1980—08—21)
1980 — P*® = 525.5 mm, t*® = 15.0°C
mean of long period — ppey = 417.6 mm, pys = 15.6 °C
b mm o
93013 P Long period mean
§ <[ = W R S S R
500 |-
150 |-
450 - 145
Long period mean
400 | e L0 o
Phenological 1;|me ) . ' . : Phe[\ologliccl:mey
T R S W T 1, Lo IsE e LT e

Fig. 3. Tllustration of successive foreécasts

(o) and observed value (@) of total

precipitation during the 1980 — spring
wheat

328

Fig. 4. Tllustration of successive forecasts

(o) and observed value (¢) of mean air

temperature during the 1980 — spring
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Figure 3 and Figure 4 present the prediction of total precipitation and

mean temperature during the vegetation period. On the figures the mean of
many years for predicted stage (stage 8 — full ripeness) is presented, too.

4. Conclusion

The investigation presented in this paper can be concluded in following

form:

1 (3

The joint distribution of rardom variables P®™, P® ¢ =1,..., n—I1,
tm, 0§ = 2,...,n—1, (normally distributed) give a possibility for the pre-
diction of total precipitation and mean air temperature during the vegeta-
tion period using the conditional probability distribution.

Results of the computation carried out, based upon the data obtained
at the experimental stations in Poland, encourage applying the described
metbod in other domains of agriculture (yield forecasting, phenology fore-
casting and other).

. Generalization of the method makes it possible to create a similar prediction

for each phenological stage during the vegetation period.

The method application is limited by the particular characteristics of plant
phenology. Similar variety, soil conditions and optimal agrotechnics is
required. Neglection of above assumption can give the error increase of
forecasts.
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An analytical model of photovoltaic water pumping system
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The paper summaries an analytical model of the direct connection of a
photovoltaic system comprising a centrifugal pump, a de electric motor with
permanent magnets and a photovoltaic array. It underlines the advantage
of the analytical approach in searching the operating point of the whole system,
creating a sound mathematical bagis for the calculation of water, pumped by
the system as a function of solar radiation intensity and the parameters of
system components.

*

Fényelektromos (viz-) szivattyizdsi rendszer analitikai modellje. A tanul-
many osszefoglalja egy direkt kapesoldst fényelektromos rendszer analitikai
modelljét, amely centrifugdl szivattyubdl, egyendramt motorbdl és fényelek-
tromos dtalakitobol dll. Az analitikus megkozelités elényeit hangsulyozza,
amikor az egész (0sszetett) rendszer optimdlis munkapontjdt keresi, megbizha-
t6 matematikai alapokat teremtve a szivattytzott vizhozam meghatdrozé-
séra, mert a vizhozam a rendszer elemeinek jellemzéin feliil a napsugérzds
intenzitdsatél is fiigg.

1. Introduction

The photovoltaic water pumping systems are recently more and more
applied because such systems do not consume fuel, are highly efficient and
reliable and have suitable technical characteristics. However, the most decisive
is, a8 it is well known, its price which is now for these systems within the com-
mercial range.

The price of such system in 1989 ranged, depending on manufacturer,
about US $ 10/Wp and by adding instellation and transport costs (about US
$ 6—10/Wp) total price of US $ 16—20/Wp is obtained. As the price of the
whole system depends mostly on the price of the photovoltaic cells (the price
of which is continuously decreasing), economy and broader application (espec-
ially if remote areas are in question) are beyond any doubt.
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The water pumping systems are used in two basic applications: drinking
water supply and irrigation. To meet the demands of these applications, vari-
ous configurations of the system have been developed. Generally, it may be
mentioned that systems without batteries (the authors calls such systems as
,,direct systems’’) and with batteries are used.

Based on experience gained through the years of operation of various fa-
cilities the direct systems proved to be more advantageous because the batteries
are components of relatively low reliability. Hence, if accumulation is required,
water instead of electric energy must be stored. The direct systems usually
apply centrifugal pumps because their load characteristics match with the
output characteristics of the photovoltaic cells very well.

However, the use of volumetric pumps is rather frequent too-especially
when water must be pumped at higher manometric heads. Such use requires
the application of de/dc converter to achieve a proper match of the load charac-
teristics of the pump with the output characteristics of the cells. Volumetric
pumps are mainly used for water supply purpcses from deep wells.

The centrifugal water pumping systems proved to be most suitable for
irrigation purposes because crop water requirement harmonizes with the
available solar insolation. Consequently especially the direct systems are very
attractive because they, besides the lowest price and highest reliability, show
high efficiency being the pumped discharge of the water satisfactory for the
requirements, following the intensity of solar radiation. This paper is the result
of investigations carried on water pumping systems applied for irrigation pur-
poses. These systems are direct systems, comprising an array of photovoltaic
cells, a de electric motor and a centrifugal pump.

2. Basic characteristics of components

In order to be able to analyse a direct photovoltaic system comprising
a photovoltaic atray; a de electric motor and a centrifugal pump, the charac-
teristics of the particular components must be examined.

a) Intensity of solar radiation. The intensity of solar radiation refers to
global solar irradiation which under mean meteorological conditions is able to
hold photovoltaic cells (Kreider and Kreith, 1981). Annual hourly variation of
the solar radiation intensity for the Osijek area is given in T'able 1. It should be
pointed out that the minimal value of radiation intensity which is necessary
to put into operation the solar water pumping system investigated amounts to
100 W/m? whereas the maximal value which can be consumed amounts to 1000
W/m?. It is reasonable to commence the analysis in 100 W/m? intensity steps.

b) The photovoltaic array. The output characteristic of photovoltaic array
(Chandratilleke and Ho, 1986 ; Kreider and Kreith, 1981) comprising N serially
and N, in parallel connected cells can be formulated as:

U = (AKTN,/e)In (1 + Iy/T, — I/N,I,) — IR,N,/N, (2.1)

where 4, R, and I, are constants to be determined experimentally for a par-
ticular modul while current, 7, is determined by the following expression:

IL = [ILO Eh “(T ST To)] S/So (2‘2)
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TABLE 1
Solar irradiance in Osijek (W |m?)

S loloe|lelwloalalzlalelzlelel=sl=|2]s

o | “L l | | | | l | | | | | T 1 B

= H © r~ [e o] (=2} {1 - o on ~-H 0 © r~ (o o] (=2

.\Ionth i v v~ — - — — — - —
I 0 0 O 10| 46| 105 | 158|198 |208 180|126 | 58 12 0 0 0
1I 0| 0| 4| 36/104 (188 [260|299|312|274 (207121 43| 4| o] o
IIT 0 2 31109213 (330 (416|442 |450|394(313|222|114| 31 2 0
18% 11 23 96 [ 205|330 | 436 | 520 | 556 | 550 | 513 [ 437|313 | 199 | 86| 18 0
VvV 11| 65162 (279|404 | 511 | 580|623 | 624 | 570 [ 485|376 | 271 | 150 | 53 ¥
VI 19| 87 (187|311 439|543 [ 635|667 | 666 | 630 [ 546 | 424 [ 311 [ 192 | 83 17
VII | 14| 77|186 312|448 (568 | 659|670 | 703 | 656 | 565 | 446 | 328 [ 193 | 80| 14
VIII 3140|132 )|266 (396|535 | 628|683 673 |620|529|410 (277|141 | 37 2
IXi 0| 9| 65[173|308 429 | 520|574 |567|510|428|308|173| 58| 6| o
X 0 0 16 84| 105|296 | 396|442 |443|398|306|188| 77| 10 0 0
XT 0 0 1 22 81| 157 | 228|275|287|238|162| 78 17 0 0 0
XTI 0] o o] 5] 39| 94 1147|182{187|158]|103| 43! 7| ol o] o

The dependence of the current (I) on voltage (U), on temperature (7') and on
intensity of solar radiation (S) is given in a /-U diagram where 7' and S are
parameters. In the case of constant temperature and variable intensity of solar
radiation, the family of curves have the form as given in Figure 1.

¢) DC electric motor. Regarding the selection of an electric motor to drive
a water pump (coupled directly to a photovoltaic array) it proved to be as the
best performer the dc electric motor with permanent magnets (power loss in
actuating coil is eliminated so such motors have high efficiency and good relia-
bility; they are relatively low priced and they operate under wide range of
inlet voltages).

Two types of de electric motors are in practical applications: type (1)
with collector (defects are sparking and consumption of brushes) and type (2)
without collector (where functions of rotor and stator are replaced), with elec-
tronic commutator (usually three phase full-wave controller). The second type
of de electric motor is being more used.

S
1000 Wm-z

T=300K const.

Of—k- e e B —~ e

"0 20 40 60 80 100 120 140 160 y 250 =
u(yv) “ um(rnds)

Fig. 1. The output characteristic of a Fig. 2. The output characteristic of de
photovoltaic array (Hsiao et al.; 1985) electric motor with permanent magnets
(Nasar, 1987)
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Basic equations, describing operation of these motors; neglecting the losses
on collector (Hsiao and Blevins, 1985; Nasar, 1987) are given as follows:

Wk = kst (2.3)
N TR X (2.4)
W T (2.5)
Py, = Myon (2.6)

It is possible to express angular frequency as the function of moment of motor’s
shaft which represents the output characteristic of motor:

on = (U — MuRB,/kn)/k, (2.7)

For various input voltages and currencies, it is also possible to construct a
family of curves as in Figure 2.

d) Centrifugal pump. The operation characteristic of a centrifugal pump is
usually assessed by Q-H diagrams and various other characteristical curves;
shown in Figure 3 for two different angular frequencies.

The equations describing the centrifugal pump characteristics (Hsizo and
Blevins, 1985: Karrassik et al., 1986) are as follows:

Q = (op/0p)Qo (2.8)
H = (wp/wop)*H, (2.9)
P = (wp/wop)*Po (2.10)
M = (>p/wop)*Mop (2.11)
P =Moo (2:12)

Analytic expression for characteristical curves (Hori et al., 1985) may be
written by the application of the least squares method in the following form:

H = a@s®> + 5Qo + ¢o (2.13)
P =aQ2 + b,Q, + ¢, (2.14)

where Q, is the nominal discharge of the pump (at the maximum of 7j); while
@y, bo» Co and a,, b,, ¢, are parameters of these curves.

SHAFT POWER CURVE

Fig. 3. Characteristic curves of

a centrifugal pump vs. two val-

ues of angular frequencies
(Karrassik et al., 1986)
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Characteristic curves of a centrifugal pump are given by the pump manu-
facturers. Introducing a new parameter, z, representing the ratio of actual vs.
nominal angular frequencies, respectively defined by:

& = wpltdgp (2.15)

where w,p is the nominal and «,, is the actual angular frequency. Expressions
(2.13)—(2.14) can be rearranged by the application of relations (2.9)—(2.11),
as the function of this ratio (x) (Hsizo and Blevins, 1985) as follows:

H = a)@® + byx@Q + coa? (2.16)
P = ax@® + bad (2.17)

In this case we also have a family of curves for the various values of the
parameter (x) which is evident in Figure 3 for two distinct values.

The operating point of pump is determined by the characteristic of the
pump load which analytically may be expressed as:

H = H, + {@ (2.18)

where H, is static head, the head difference between the water levels of supply
pump shaft and head tank, respectively, and f is friction head loss constont.

3. Direct component connection

The result of direct connection between components of the photovoltaic
system may be evaluated by the characteristic curves of the particular com-
ponents, i.e. by determination of the joint operating point of the system. Dis-
cussion is commenced with a centrifugal pump for which the operating point
can be find by equating (2.16) and (2.18). Resulting Q-x curve is:

@ = [1/2 (f—a,)] {boz+[(byx)* —4 (f—a,) (Hs—c,z?)]°%} (3.1)

Because all parameters of this equation are known, it is possible to calcu-
late the value of pump flow rate (discharge) if the value of speed ratio (z) is
known.

The unknown value (x) depends on the ratio of actual and nominal angular
frequencies of the motor (supplied by power from photovoltaic array) and on
the value of motor loading (i.e. the power consumed by the centrifugal pump).
Consequently, it will represent the basic interrelation between the system
components. The actual angular frequency can be determined by equation
(2.7) i.e.:

wm = (U—IR)/k, (3.2)

The unknown values (U and /) should be determined by expressing
the voltage of the motor by the photovoltaic module voltage and the current
of the motor by the value of load on joint motor-pump shaft. This is an assump-
tion regarding the current because no power loss is supposed on the shaft,
motor, pump subsystem, i.e.:
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Pxn: Pp (3'3)

If a reducer is applied, the ratio of motor and pump angular frequencies
may be expressed as:

7 = wp/om (3.5)
My= My (3.6)
Applying equations (2.5), (2.17); (3.5) and (3.6) it follows:
P = (Mulr)o, = (knl/r)o (0opfo) = knToelr
out of which an expression for the current follows:
I = (Pllmwqp) (r/z) (3.7)

By substituting equation (3.1) in (2.17) and, subsequently, equation (2.17)
in (3.7) the final expression for the current shows:

I = (ﬂkmmop) (“1((1/2(f_ao)) (b + ( (box)2—4 (f—a,) (Hs_coxz))O.S))z st
+ (by/2(f—a) (Do + ((b52)>—4 (f—a0o) (Hs—Cosx?))"5 + c2?) (3.8)

The second component necessary for the calculation of the angular fre-
quency is the voltage of the motor. The voltage is obtained by insertion the
equation (2.2) in equation (2.1) and so we have:

U = (AkTNsle) In (1+ (I1,+a(T—T,)) S8/Ic—I/Npls) — IR,Ns/Np (3.9)

By the insertion of equations (3.8) and (3.9) in the equation (3.2) and by
the application of equation (2.15) the final expression for the ratio of angular
frequencies (x) reads:

2 = (r/kywoy) (AETNJe) In (1+ (I +a(T—T)) S/1Sy — (r/ Nylkmeoy).
(@, ((1/2(f—a,)) (o2 + ((bs2)? —4 (f—a,) (Hs—Cos:?))*))? +
(0,x/2 (f—ay,)) (b + ((bo)> —4 (f—a0) (Hs—€5x)*?) +
¢,2?)) (By+ BsNs/N,) (r/kmedap) (24((1/2 (f—ao)) (boz + (3.10)
((b)? —4 (f—a,) (Hy—co?))5))2 + (by/2 (d—a,)) (bex +
((byz)? —4 (d—a,) (Hs—e,2?))°%) + ¢12?))

From this equation the value of ratio z can be calculated by successive
approximation (iteration). Hence, it is easy to calculate the pump discharge
by the equation (3.1).

It is to be seen that the discharge of the pump which may be supplied by a
photovoltaic system is a function of the solar radiation intensity and tempera-
ture (as input parameters) while the parameters of the motor, the centrifugal
pump and the load characteristics are for definite system unchangable.
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The following figure shows graphically the characteristic curves of the
photovoltaic system components and joint operating points. The calculated
discharge of the pump is valid only if characteristic curves do not vary in time.

However, as showed in Table 1 solar energy varies slowly, and so such an
analytical model shows rather well the discharge pumped by the system.

The characteristic actual torque of the centrifugal pump as a load in
My, o diagram can be obtained from:

g
; o 3
£ P B SWFT POER ORVE g
P=a_x@ +b @ Qe x* £
P g ) £
o -
=4 HEAD LOSS CURVE Eé
-
H=H_+dQ® e
a H S 3‘1 -
g H_ Q-+ CURVE "
H=a C?abOXQ*cnx’ J o
DISCHARGE (m3 h™') ‘+
S‘.E
| F =
‘ % N - D
|
——— LOAD CHARACTERISTIC ‘ 2

Mo (v @)
m R, b m
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l
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—————— MOTOR CHARACIERLSIIC J
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ke I LOAD CHARACTERISIIC g
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Fig. 4. The direct coupling between a photovoltaic array, a de electric motor and a
centrifugal pump
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Mnoom = My,
Mp i (wp/(’)op)zMop . (3.11)
M, = (0p/wep)* Myyr = (0m/wom?)Mopyr® = Mo (13 wep)wm

The characteristic of centrifugal pump and motor as a load in I-U diagram
is obtained from:

My = op(ra/mopg)mm
bl = M, (r¥eo,,) (ky) (U—IR,)?
(eudey2ero 2l Mor®) T = (U—IR,)? (3.12)

U = IRy + ((Rmdy20y/r3P,)T)05

4. Numerical model

Tor the calculation of discharge pumped by the photovoltaic system accord-
ing to this analytical model, a computer program has been developed which
simulates the operation of the whole system. The flow chart of the computer
program is indicated as Fig. 5. The results of a particular example (applied
a 3 kW photovoltaic array, a 3 kW motor and a 2.2 kW pump) are given in
Table 2.

TABLE 2
Water discharge (flow rate)
8 (Wm“*) % T (K) Read in
data for photovoltaic arraya
G o ol TSt ol tharacteristic. |
880 299
700 299
600 208 SIMULATION LOOP
s & e S ond T vatues
300 297 |
200 296
100 296 CALCULATION x J
x l Q (m*h™1) CALCUIEIA;I'}O(I: )OF FLOW Q
0.979 24.537 I
0.955 23.866
0.921 22.801 2(:0(50:;
0.886 21.752 ’
0.835 20.189
0.782 18.508
0.711 16.159 @
0.631 13.431
0.529 9.509 Fig. 5. Flow chart of the
0.387 5.701 computer program
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4. Conclusion

By an analytic procedure in arranging the characteristics of the compo-
nents of a direct photovoltaic system, it is possible to calculate in a simple
manner the discharge (water flow rate) which can be pumped under various
input values of the intensity of solar radiation.

In this way, the basis for proper selection of the systems components is
formed together with the possibility of optimalization because the evaluated
computer program enables the variation of the component parameters to get
the maximal possible discharge for a particular level of solar radiation intensity.

Acknowledgements. The authors would like to thank Mladen Sesarti¢ and
Marija Todorovié, Ph. D. for cooperation and to ETZ (Consulting Co.) for
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LIST OF NOTATIONS
(a) PHOTOVOLTAIC CHARACTERIS- U — motor voltage

TICS E — motor e. m. f.
R — motor armature resistance
z — load current k, — motor speed constant wich re-
U — load voltage lates the permanent magnet flux
T, — reserve saturation current of p-n trough the armature and back
junction e.m, f.
23 — photovoltaic current across p-n [k, — motor torque constant relating
junction of solar cell the current trough armature
Lvig — cell current at reference condition w,, — motor angular frequency
R, — series resistance of module equi- M, — motor torque
valent circuit
S — insolation at condition of interest (¢) PUMP CHARACTERISTICS
S — reference insolation Q — discharge (pump flow rate)
T — absolute temperature Q, — rated discharge (pump flow rate)
T, — cell reference temperature 154 — total pump manometric head
N, — number of parallel cell strings H, — reference pump head
N, — number of cells connected in P — power on shaft
series for each string P, — rated shaft power
A — curve fitting constant in module o, — pump angular frequency
I-U curve »,, — reference pump angular fre-
k — Boltzmanns constant quency
e — electron charge M, — pump torque
o — temperature coefficient for cell M, — pump torque at reference angular
current frequency
7 — efficiency
(b) MOTOR CHARACTERISTICS 7 — friction head loss constant
£ — ecurrent trough motor H, — pump static head
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Daisyworld with an atmosphere

E. MESZAROS and T. PALVOLGYI

Institute for Atmospheric Physics
H—1675 Budapest, P. O.Box 39, Hungary

The model proposed by Watson and Lovelock (1983) to study the biological
homeostasis of an artificial planet (Daisyworld) is extended to the case when
it is covered by a simple atmosphere. The atmosphere consists of a greenhouse
gas in which an aerosol layer modifying the incoming radiation can be found.
The black and white daisies consume the greenhouse gas and emit the same
species during their decay. The results of calculations carried out by means of
the model support the conclusion of Watson and Lovelock : the biosphere sta-
bilizes the state of the environment (e.g. temperature) under a wide range of
conditions.

*

Légkir hatdsa a Szdzszorszép bolygéra. Watson és Lovelock (1983) a Széz-
szorszép nevii elképzelt bolygd biolégiai homeosztdzisdnak leirdsdra okologiai
modellt javasolt. Ezt a modellt egyszerii 1égkorrel egészitettiik ki. A légkor
iiveghédzhatdsu gazbdl &ll, amelyben a beérkez$ sugarzast moédositd aeroszol-
réteg taldlhatd. A fekete és fehér szazszorszépek fogyasztjak az tiveghdzhatdst
gdzt, de bomldsuk sordn visszajuttatjik a légkorbe. A végzett szdmitdsok
eredményei tdmogatjilk Watson és Lovelock kivetkezietését: a névényvildg
széles hatdrok kozott igyekszik allandésitani a kornyezet dllapotét, egyebek
mellett a hémérsékletet.

1. Introduction

The Gaia hypothesis of Lovelock and Margulis (1974) claims that the
Earth’s biosphere is able to control environmental conditions. Since our environ-
ment is a complicated system, Watson and Lovelock (1983 ; WL in the following)
invented an artificial planet, called Daisyworld, to prove the Gaia theory. In
this world two types of daisies (black and white) with different albedos can be
found which absorb in a different degree the incoming radiation. By using
a model borrowed from the population ecology, WL demonstrated that the
presence of daisies stabilizes the temperature.

In their work, WL assumed that their planet has no atmosphere. For at-
mospheric scientists, as the present authors, the fundamental question is:
how the original conclusions are affected if an atmosphere envelops Daisyworld.
For this reason the model of WL was extended by including the effects of a
radiatively active gaseous cover into the calculations. We must note, however,
that this hypothetical atmosphere is relatively simple for preserving the sim-
plicity of the mathematical equations.
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2. The model

As in the original paper of WL, the biosphere consists of tw» daisies: black
(b) and white (w). The growth of daisies is given by the following equations:

d
;‘t" = oty (XBy—) (1a)
d
d’;" = o (XBy—7) (1b)

where « is the fractional area covered by daisies, « is the area of the surface
not covered by them (x = 1—o,—a,,), v is their death rate, while § depends on
the local temperature range in which daisies can exist:

Bow = 1 —0.003265 (22.5 — T} )2

The greenhouse gas is absorbed by daisies and used with incoming radiation
for building up their organic material.

After their death the daisies decay by releasing the previously observed
greenhouse gas. Consequently both the removal (R) and formation () of the
greenhouse gas in unit volume depend on the fractional areas covered by black
and white daisies

F = Eplay+oy)

B = gy +o)

where &'y and £’y represent biological source and sink under the condition that
the biosphere covers entirely the surface of Daisyworld. It is also assumed that
an abiotic source (f') also works on the planet. However, the strength of the
abiotic source is much lower than the intensity of the biogenic gas release.

If we normalize the formation and removal rates with the total source
strength relative to ¢ = 0, we obtain for &'y, £’ and f’ relative values without
dimensions. Thus, the variation of the gas concentration in relative units (C)
is represented by

0 — (br— k) () + f @)
d¢
where kg, ky and f are the corresponding relative figures. It follows from this
equation that the biosphere is a net greenhouse gas sink, since kg must be
higher than Zjy.

In the atmosphere there is an aerosol layer (e.g. of soil origin) which absorbs
and scatters the incoming radiation. As Schneider and Kellogg (1973) demonst-
rated, in the presence of an aerosol layer the effective albedo (ay) is given by
the following approximate formula:

ag = aps+as(l — apgs — a)?
where apg and a are the back-scattering and absorption coefficients, respect-

ively, while ag is the surface albedo. Consequently, in our case the total albedo
(A) of the planet is determined by
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A = a[apg+a,(1 — ags —a)?] + ay[apg+ay(l — ags —a)?] +
+ aplapg + ay(1—ags—a)?] (3)

where «, is the fractional area of fertile ground uncolonized by daisies (i.e.
equal to z, see above), while ¢,, a, and a, are the albedos of bare soil, white
daisies ard black daisies, respectively. In spite of the fact that the aerosol is of
soil origin, 4 in formula (3) is under biological control through the variations
of the areas of daisies and their respective albedos.

Taking into account the relationship between radiation balance and effec-
tive temperature, the effective temperature (7'y) of Daisyworld is character-
ized by

dTy

dt

= SL(1—A) — ecT'3t. (4)

where ¢ is the termal inertia of the system, S and L are the radiation constant
and luminosity of the Daisyworld’s sun, ¢ is the Stefan-Boltzmann constant,
while ¢ is the infrared emissivity (dugustsson and Ramanathan, 1977):

e =¢,—kInC

where ¢, and % are constants (see T'able 1).

TABLE 1
List of the input parameters in the reference case

Parameter ;‘ Explanation Value
Y death rate 0.3
kp—kg difference of formation and removal
coefficients —0.01
f relative abiotic source strength 0.007
apg back-scattering coefficient 0.05
a absorption coefficient 0.05
a, albedo of bare soil 0.15
a, albedo of white daisies 0.75
a, albedo of black daisies 0.26
q termal inertia 6.5 W m—2K™1
c Stefan-Boltzmann constant 5.68X10°8
W m— K4
€, reference gas emissivity 0.6
k emissivity constant 0.025
q’ energy distribution parameter 20
S radiation constant 1400 W m~—2
L luminosity 1

The local temperature around black and white daisies, determining 8 (see
above), depends on the effective temperature as given by WL:

Tyw=0(A—apwty + Ty

where ¢’ is a proportionality factor representing the degree of the incoming
energy distribution among the different types of surfaces.
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3. Numerical results

In Fig. 1 the basic variables in our model are plotted as a function of
time. These calculations were carried out by applying the constants listed in
Table 1. This ensemble of constants is called the reference case. It is noted that
the solid lines in Fig. 1 represent the results calculated by Euler integration,
while dotted lines are obtained by the theoreticallv more exact Runge-Kutta
method, as proposed for this purpose by Isakari and Somerville (1989). It can
be seen that the two methods of integration produce practically the same results
concerning the steady-state behaviour. One can also see that for each variable
the steady-state is achieved within about 500 time steps.
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1.03 3 I T T T
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Since our aim is to study the final consequences of the varying external
(non-atmospheric) and internal (atmospheric) forcing, in the following two
parts of this section the steady-state conditions are only considered.

3a. Effects of external forcings. First, it is assumed that the most important
external parameter, the luminosity of the Daisyworld’s sun, varies around
the unit value applied in previous calculations. Secondly, we suppose that
changes in properties of the planet modifies the surface albedo of bare soil.

Fig. 2a represents the steady-state effective temperature as a function of
luminosity variations, while in Fig. 2b the curve for different surface albedos is
plotted. It should be mentioned that abiotic response in both cases refers to an
atmosphere with fixed greenhouse effect (C' = 1).

Figs. 2a—b clearly show the stabilizing role of the biosphere. Without
the biosphere, the atmosphere is not able to control temperature variations
caused by changes in external forcing. It is interesting to note that the bios-
phere tempers more effectively the steady-state if the luminosity is higher than
1. Further, the biospheric control is very important for small values of soil al-
bedo and it becomes zero in the case of higher albedo values. This is due to the
fact that around 5 °C the daisies are destroyed. Finally, both figures show that
the effective temperature is not very different from that in Fig. 1 in a wide
range of luminosity and bare soil albedo.

Opy
effective temperature ("C
60

a.
0 - ///
abiotic ///
40 response _ -~
o
-
-
-
30 |- o
2
s
-
20 |~ A biotic response
7 /————
-~ -
L1 e
0 | ] | | 1 ]
0.7 0.8 0.9 1 i 3 § T2 Y5 [T
luminosity
effective temperature (°c)
20
g T R e TR
LIS b )\ biotic a

response
10 |- P

abiotic )
5 |- response \\

Fig. 2. Relationship between external SR P0 S S vl S R [ TR
forcings (a.: luminosity, b.: albedo of :
bare soil) and effective temperature albedo of bare seil

: 343



20
20 il

A . g

m
O]
NI

%

_—

%
Z

N\

c=0.5 c=1 =2 470 3gg=0.1 aps=0 reference
. case
concentrations of greenhouse gas a-=0 a=0 a=0.1
. aerosol properties
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3b. Effect of the variation of atmospheric properties. By means of Fig. 3a.
the greenhouse effect on planetary temperature can be studied. Numerical cal-
culations were performed for three different values of the initial concentration
of greenhouse gas. The results show that differences in effective temperature
are not too great which can be attributed to the presence of the biosphere.
Even for doubling the concentration, the difference in steady-state temperature
is only about 1 degree. However, the temperature is more sensitive for the
decrease of the concentration of greenhouse gas than for its increase.

In the cases represented in Fig. 3b. the concentration of greenhouse gas is
fixed (C = 1). In the first case (left-most bar) no aerosol layer can be found in
the atmosphere. In the second one the back-scattering coefficient is equal to
0.1 and aerosol particles do not absorb the incoming radiation. The third case
refers to an aerosol layer which absorbs the radiation rather effectively (¢ =
= 0.1), but does not scatter it. Finally, the last bar refers to the reference case
shown by Fig. 1. It can be seen that the effective temperature is more sensitive
to changes in aerosol properties than to variations of the concentration of
greenhouse gas. The cooling effect of a scattering layer is more important than
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the heating due to an absorbing aerosol layer. Since heating and cooling can
compensate each other (reference case), the situation without aerosol particles
does not differ significantly from the reference case.

The effects of doubling of the greenhouse gas level were also investigated
by varying the characteristics of the biosphere. The warmings relative to
C = 1 are plotted in Fig. 4 for the presence of black + white, white and black
daisies, respectively. In the figure the abiotic situation is also given. For the
interpretation of the figure we note that in the same cases with ¢ = 1 the
absolute values of the steady-state effective temperatures are 18.4 °C, 9.3 °C,
25 °C and 30.7 °C, respectively. These values indicate that white daisies
stabilize the planet at a relatively low temperature, while without the biosphere
the planet would be rather warm. It can be seen from Fig. 4 that the relative
warming is particularly important in the presence of black daisies: it is five
times higher than the values obtained for white or black + white daisies. Even
the warming for a biosphere consisting only of black daisies is somewhat more
important that under abiotic conditions.

4. Conclusion

As in the case discussed by WL, the biosphere in Daisyworld with an at-
mosphere stabilizes environmental conditions in a wide range of external and
internal forcings. Changes in greenhouse gas concentration are relatively less
important in the control of the steady-state temperature than changes in aero-
sol properties. The effect of the variations of atmospheric composition on tem-
perature depends essentially on the characteristics of the biosphere.
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Two-dimensional simulation of a small hailstorm
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A two-dimensional, time dependent cloud model was used to simulate
a small storm (July 19. 1981. CCOPE case). In the first part of the paper a brief
description of the model is given. Bulk microphysic technique is used in the
model. Wet and dry growth of hail are simulated by calculating the mean
hailstone temperature. In the second part of the paper the case study is pre-
sented. The model seems to reproduce well the main characteristics of the
observed cloud, such as the life cycle of the cloud, the precipitation development
and the cloud base altitude. The maximum updraft velocity, the strenght of
the outflow and the cloud top altitude are slightly overpredicted by the model.

*

Kis ziwatarfelhd modellezése két-dimenzids felhdmodellel. Két-dimenzids,
idofiiggs felh6modellel szimuldltuk ez egy kisebb zivatarfelhdben lejdtszédé
folyamatokat. A vizsgédlat alapjdul egy olyan valésdgos zivatarfelh$ szolgélt,
amit mind repiildgéppel, mind radarral részletesen tanulményoztak. (CCOPE
project 1981. 07. 19.) A cikk elsé része a modell rovid lefrdsédt tartalmazza.
A mikrofizikai folyamatokat ,,bulk” parametrizéciéval {rjuk le. A jég/graupel
nedves és szdraz nivekedését az dtlagos jégszem-hdémérséklet segitségével
modellezziik. A cikk mésodik részében az esettanulmény taldlhaté, ugy tfinik,
a modell j61 adja vissza a megfigyelt, valésdgos felhé f6bb jellemzoit: pl. a felhé
életciklusdt, a csapadék kialakuldsdnak és fejlédésének mechanizmusdt, €s a
felh6alap magassagét. A maximadlis felaramldsi sebességet, a talajkozeli ki-
4ramlés erdsségét és a maximadlis felh6tetd magassdgdt a modell némileg feliil-

becsli.

1. Introduction

In this paper a two-dimensional (slab-symmetrical), time-dependent model
is presented. This work is sequel to our earlier one-dimensional model (Geresdi
and Zoltdn, 1987). The two-dimensional description allows us to give a more
proper air flow structure and better result can be expected for microphysical
processes too, because of the strong coupling between the dynamics and micro-
physics.

The model was developed to investigate the precipitation development in
hailstorms. Using bulk parametrization, five type of hydrometeors are con-
sidered in the simulation' of microphysical processes. Cloud water and cloud
ice are the cloud elements with approximately zero terminal velocity and rain,
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snow and hail/graupel are the precipitation elements. The description of inter-
action and transformation between these hidrometeors is similar to the work
of Orville and Kopp (1977), Lin et al. (1983) and Proctor (1987a). The main
difference is in the microphysical treatment of hailstone growth. On the basis of
our result of the hailstone growth model the temperature of hailstone can be
different from its ambient air temperature (Geresdi et al., 1984). This difference
can be as much as 5—10 °C. To model this temperature difference a new para-
meter, the mean hailstone temperature, is introduced. This mean temperature
is calculated during the dry growth of hail. When the mean hailstone tem-
perature reaches 0 °C the hailstones are assumed to grow by wet growth. Instead
of the formula suggested by Musil (1970) another one is used to calculate the
wet growth rate supposing that the temperature of the shed wateris 0 °C.
The physical bases of this approximation are the following:

a) During the freezing of supercooled water the releasing latent heat of fusion
first of all increases the temperature of water (Pruppacher and Klett, 1978).

b) During the melt we suppose that the heat exchange between the collected
water and the hailstones is larger than between the hailstones and the
surroundig air, because of the large difference between the heat conduc-
tivity of water and that of air.

After the description of the model the result of simulation of a small
storm (CCOPE case July 19, 1981) is presented. This storm was measured by
penetrating aircrafts and radar (Dye et al., 1986). The well documented
measurements provide an opportunity to make comparison between the real
cloud characteristics and the calculated parameters to detemine how the model
simulates the observed phenomena.

2. Description of the model

The model is a two-dimensional, time-dependent cloud model with bulk
microphysics.

Vorticity equation is derived from the first and third equations of motion.
Density — weighted stream function has been used to model the deep convec-
tion. (See the more detailed hydrodynamics in the work of Chen and Orville,
1980.)

The turbulence mixing of heat and momentum are considered similarly to
that of in the work of Hall (1980), except that the eddy Prandtl number is
assumed to be 2.5 (Proctor, 1987a). Besides the water vapor five type of water
substance are considered: cloud water, cloud ice, snow, rain, hail/graupel. The
microphysical processes simulated in the model are shown in Fig. 1. The size
distributions of precipitation elements (rain, snow and hail/graupel) are sup-
posed to be exponential. Equation after Fletcher (1962) gives the number concen-
tration of naturally active ice nuclei. Autoconversion of cloud water into rain is
given on the basis of theoretical calculation of Berry and Reinhardt (1974 a,b).
Cloud ice begins to grow by vapor deposition and when its mean size reaches
the 150 pm, the ice crystals grow by riming too. Homogenous freezing of cloud
water occures at —40 °C. Snow is generated by intensive riming of cloud ice
and by vapor deposition on large ice crystals (Proctor, 1987a). Transformation
of snow into hail/graupel by aggregation of snow, by coagulation with hailstones
and by capture of water drops are calculated as in the paper of Lin et al. (1983).
During the coagulation of cloud ice and raindrops (natural contact freezing)
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and the spontaneous freezing of supercooled raindrops (Bigg, 1953) hail/graupel
forms. Melting of snow and evaporation or sublimation of all type of hydrome-
teors are calculated. The growth of hail/graupel is treated in a different way as
it has been done, so it will be described more detailed in the next part of the
paper.

2.1. Dry and wet growth of haillgraupel The hailstones grow by deposition
and accretion of liquid and solid particles. During the dry growth the surface
temperature of the hailstones remains below the 0 °C and all of the collected
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Fig. 1. Microphysical processes simulated in the model. P, denotes the rain transfor.

mation into the hail/graupel: accretion of rain by hail and snow; spontaneous freezing

of rain; and freezing of supercooled raindrop due to the nucleation by cloud ice;

Py denotes the snow transformation into the hail jgraupel: autoconversion snow, accre-

tion of snow by hail and rain; P., denotes the cloud ice transformation into the

snow: autoconversion of cloud ice, transformation by intensive riming of ice crystals
and accretion of cloud ice by snow and rain

liquid water freezes on the hailstone. When wet growth occurs the surface
temperature of the hailstone is equal to 0 °C, and only a portion of the collected
liquid water freezes, the other part sheds and forms raindrops. In the positive
air temperature region besides the melted ice all of the collected liquid water
sheds. The melting of the hailstones can be considered as a special type of wet
growth with negative values of wet growth rate. During the wet growth the
surface of the hailstone is covered by a thin liquid water layer, and temperature
of the shed water is supposed to be 0 °C.

In most of the cloud models including bulk parametrization the tempera-
ture of hailstones is assumed to be equal to that of ambient air. In the following
a method is given to take the effect of temperature difference between the
hailstones and the ambient air into consideration. The heat rate given to a
spherical hailstone with diameter of D is (Pruppacher and Klett, 1978):
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S — 21D (T — Ty K, — 27Dp (4 — i) DLfz 1)

where 7'y and 7' is the temperature of the hailstone and the surrounding air,
respectively ; g5y and ¢ are the vapor mixing ratio near to the surface of hail and
in the air; p and D is the air density and vapor diffusivity in air, respectively;
L is the latent heat of deposition (dry growth) or the latent heat of condensation
(wet growth); the ventillation factor for hailstones (fg) is assumed as Mason
and Thorpe (1966):

fy = 0.94 + 0.381N/3 N3 (2)

The first term in the Eq. (1) is the heat transfer between the hailstones and the
air, the second term is the releasing latent heat during the deposition or conden-
sation.

The first law of thermodynamics is used to calculate the temperature of
hailstone with mass of my:

dTy dQy dm” dmyg dmy
my——=——=— + ¢, — (T —T,) +L i ——= (Ts—T
< T il AT T L el w +
dm’
4+ ¢— (T —T 3
dt ( ) (3)

where dm”'/dt and dm’/dt are the collection rate for liquid and solid hydrome-
teors, respectively; ¢, and ¢; are the specific heat of water and that of ice.

When the hailstone temperature, calculated by the above equations;
reaches or exceeds 0 °C the hailstone is supposed to grow by wet growth and
its temperature is equal to 0 °C. Supposing that the temperature of the shed
water is equal to 0 °C, the wet growth rate is:

dmg 1 [ dQ dw” (T —T,) —o dm’
- " & i

dm’
TTHl 4
dt dt el °)] TR

After integration of Eq. (3) over the hail spectrum and supposing that there is
a mean temperature characterizing the hail we get:

dT aQ
—d?H“ = % + ¢y (Pgre+ Prowe) (T—To) +Lg (Pgro+ Pacwe) +

+ ¢ (Pgro+ Prowo) (To—Tx) + ¢ (Prsc+ Prorc) (T—Tx)|/ (eqn) (5)

where Pgres Prowes Prore and Pggo are the accretion rate by hail/graupel of
rain, cloud water, cloud ice and snow; respectively, and ¢g is the hail mixing
ratio.

If Ty calculated from Eq. (5) is equal or greater than 0 °C wet growth
occurs and the total wet growth rate can be calculated from Eq. (4) integrating
over the hail spectrum:
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1 [ 49 .
Pwur = 754 [—% — ¢y, (Pare+ Prewe) (T —T,) —
S I (T—To>] T TR (6)

The production rate for rain due to the shedding of liquid water is:
Pspep = Parc + Puowe + Pusc + Pucic — Pwar (7)

In bulk parameterization to determine the transition between the dry and
wet growth region is not easy in spite of the clear definition. In #ig. 2a. the
differences between the temperature of hailstones and that of ambient air
are shown. The temperature differences are depicted as a function of liquid
water mixing ratio. Depending on their size the hailstones grow by dry or by
wet growth in the same environmental condition. The difference between the
mean hailstone temperature of hail mixing ratio of 3.5 g/kg and the temperature

| AT, a) | AT, b)

Fig. 2. Temperature difference between the hailstones and their environment. The
full circles represent the size of 0.4 mm, the open cireles represent the size of 10 mm. The
solid lines and the dashed lines show the temperature difference at ambient air tempera-
ture of —10 °C and —5 °C, respectively (a). Temperature difference for the mean
hailstone temperature of hail mixing ratio of 3.5g/kg (fullcircles) and the temperature
difference for hailstone whose size is equal to mass weighted mean diameter of hail mixing
ratio of 3.5 g/kg (open circle). The solid line represents the result at the ambient tempera-
ture of —10 °C and the dashed line represents the result at the ambient temperature
of —5°C (b).

of ambient air, as well as the temperature difference between the air and the
hailstone, whose size is equal to the mass weighted mean diameter of hail
mixing ratio of 3.5 g/kg are shown in Fig. 2b.. The comparison allows us to
estimate how well the mean temperature can represent the temperature of
hail/graupel in bulk parametrization. The difference between the mean
hailstone temperature and the temperature of hailstone of mean size is usually
smaller than 2 °C. This deviation partly can be explained by the different
weighting of hailstone temperature with respect to diameter in Eq. (3), so the
mean hailstone temperature can not be defined precisely.

Generally the following method have been used to decide wether dry or
wet growth occurs: if the collection rate for the liquid hydrometeors is smaller
than the wet growth rate calculated by Eq. (6) or by formula suggested by
Musil (1970), then dry growth occurs; in the other case wet growth occurs
(Orville and Kopp, 1977 and Proctor, 1987a).

350



Using the temperature as a parameter must be in better agreement with
definition in spite of the disadvantages can be seen from Fig. 2. The mean hail-
stone temperature allows us to take into consideration the effect caused by
the temperature difference between the hailstones and their environment on
the microphysics and the dynamics.

To estimate these effects calculations was made using Eq. (5) and Eq. (6)
with constant environmental parameters (liquid water mixing ratio, air tem-
perature and pressure):

(¢) Vapor sublimation occurs instead of deposition decreasing the hail
mixing ratio. Deposition would occur if the temperature is equal to or
slightly greater than that of ambient air. The difference between the two cases
is about 10—20 percent of the collected liquid water.

(#7) Using Eq. (5) only 20—30 percent of the releasing latent heat of fusion
is conducted away depending mainly on the liquid water mixing ratio and the
hail mixing ratio. Further 30—40 percent releases during the condensation of
the sublimated vapor. Summing the above mentioned terms, about 30 percent
of the heat of fusion increases the temperature of hail.

(#2¢) The difference between the wet growth rates calculated by the Eq.
(6) and the formula suggested by Musil (1970) is not too large. The Eq. (6)
gives about ten percent larger wet growth rate.

3. Boundary and initial conditions

The boundary and the initial conditions used are similar to those of Hels-
don and Farley (1987).

On the left and right boundaries the horizontal gradient of each variable
is assumed to be zero. At the top boundary all variables are hold constant.
At the lower boundary the vorticity, the stream function and the vertical ve-
locity component are equal to zero. Heat and vapor are allowed to diffuse into
the lower boundary to supply the advected heat and vapor. The precipitation
elements can fall through this level but clouds are not permitted to form at the
surface.

The temperature and the moisture are given by the 1440 MDT sounding
from Miles City.

A warm bubble and random initialization is used to trigger the convection.
This bubble is centered 4 km to the left of the domain center. Its horizontal size
is 4.8 km and vertically is between 400 m and 2 km. The maximum tem-
perature excess is 1.5 °C.

4. Numerical technique

The equations are solved over a 19.2 - 20 km domain with 200 m and 400 m
interval in Z and X directions, respectively. Advection technique, first order
accurate in time and second order in space (Crowley, 1968) is used to solve
numericaly the vorticity and continuity equations. A two step advection
scheme is used (Leith, 1965) with vertical advection calculated first. Second
order space derivatives are used. to calculate the turbulence terms. The precip-
itation terms are calculated by the method suggested in the paper of Orville and
Kopp (1978).
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Direct method, based on the Fast Fourier Transformation, is applied to
calculate numericaly the stream function (Temperton, 1977, 1980). Solving Eq.
(5) time steps of 1 sec were used to avoid the overestimation of heat exhange
between hail and air. Smaller time step does not increase the accuracy very
much.

9. Case study

5.1. Summary of observation. A small isolated storm was chosen to demon-
strate how the model simulates the real phenomena. The cloud was observed
during the Cooperative Convective Precipitation Experiment (CCOPE) project
on July 19, 1981. This day the environmental conditions were favorable for
development of small isolated storms. The measurements, made by penetrating
aircrafts, Doppler-radar and radars, are discussed in the work of Dye et al.
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(1986). Atmospheric sounding was made about 1.5 hours prior to the appear-
ance of the observed cloud and was taken approximately 35 km to the east of
the observation area (Fig. 3). The wind shear was weak (1.3 X 10-% 1/s between
800 mb and 450 mb) and the thermal instability was moderate, not greater
than 2 °C. The parameters given by sounding were slightly modified prior to
the calculation. The original temperature sounding was modified to make the
lowest layer dry adiabatic, and the horizontal winds were calculated by pro-
jecting the measured winds in the direction of the storm motion (about 300°
in this case). To avoid the moving out the cloud from the domain the winds
were reduced by 75%, (Helsdon and Farley, 1987). This correction can result in
false dynamic, so in the future it is intended to keep the cloud in the domain
more properly.

In the following a brief summary of the measured cloud characteristic
is given on the basis of paper of Dye et al. (1987). Besides of radar the cloud
was observed by four airplanes giving detailed information about the micro-
physical processes which occured in the cloud. A sailplane ascended in the up-
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draft up to 7 km; the 'King Air’ aircraft made 10 penetration at about 6 km
(—10— —15 °C); the 'Aerocommander’ aircraft passed the cloud three times
little above the level of 0 °C'; and the 'Queen Air’ aircraft flew below the cloud
base.

The cloud base was found by aircraft at 650 mb (3.8 km msl). The visual
cloud top reached the level of —48 °C (10.5 km). The horizontal size of the de-
veloped cumulonimbus was 6-8 km. An organised updraft region was found
with maximum values of 10-15 m/s during the strong growth phase of the
cloud. No organized downdraft was indicated above the cloud base level. Un-
fortunately the cloud was not in good position for multiple Doppler analysis,
so the data for air velocity come from aircraft measurements.

The first radar echo (>5dBZ) was located between 6.5 km and 7.5 km.
The maximum reflectivity was measured 17 minutes later near to the ground
over a small area. Probably the storm produced a moderate shower and some
small hail of less than 1 cm diameter. The droplet concentration, measured by
sailplane ascending in the updraft region, showed continental nature. The drop-
let concentratior was between 800 and 900 cm~3 near to the cloud bese and
a smaller value of 600 cm~3 was found above. In the calculation the concentra-
tion of 600 cm~3 is used. The absence of raindrops above the —5 °C level in the
aircraft data suggest that the precipitation formation was primarily via the
ice process and the rain drops falling on the ground formed by shedding of the
liquid water from the solid precipitable elements and by the melt of snow and
hail.

5.2. Results of the model. In this part of the paper a brief description of life
cycle of the simulated cloud and the comparision with the aircraft and radar
observations are presented.

The schematic pictures of the simulated cloud are depicted on the Fig. 4,
starting at 45. min simulation time, with 3 min intervals. The cloud appeared
about 15 min after the initialization. The cloud base altitude in the simulation
was 2.8 km—2.6 km (AGL) which s a little lower than the measured cloud base
height. (The ground level is about 800 m msl.) Until 36 min the cloud had de-
veloped slowly and had consisted of cloud droplets only. From 36. min until 50.
min the cloud grew explosively. During this period the visual cloud top increased
from 6.5 km to 10.5 km. This intensive growth period can be associated
with the ice phase processes. The first ice crystals began to grow by vapor
deposition at about 38. min. It took about 2-3 min to reach the critical size
for starting the riming. The appearance of the first snow crystals was due to the
intensive riming of ice crystals, and later this process as well as snow-cloud
droplet collision were the main sources of snow generation. The aggregation of
cloud ice and the collision between the snow and the cloud ice did not play im-
portant role in snow formation. The first snow crystals can be related to the
first radar echo. The simulated first echo was between 6 and 7 km just as in
the real case. The appearance of the first echo was chosen for time correspon-
dence between the real and the simulated process (40. min-1623 MDT). The 5
dBZ contour spread very rapidly upward as well as downward. By the 50. min
the top has reached 10 km and by the 51. min the bottom has reached the
ground too. These agree well with the observed upward spreading (6-8 m/s)
and downward spreading (10-12 m/s). The hail/graupel began to form by
aggregation of snow at about 42.min (1625 MDT)and at height of 6.2 km against
the observed time of 1626 MDT and height of 5.8 km. Later the accretion
of snow and cloud droplets by the hail/graupel were the most dominant micro-
physical processes for the growth of hail/graupel. The raindrops were formed
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by shedding under the level of —5 °C. Some of them were lifted by the updraft
in the colder region where they froze, giving a secondary source for the hail/
graupel as high density embryos. The rain mixing ratio was small above the
level of —5 °C, and the large water drops got there only in the dissi-
pation stage of the cloud, so the spontaneous freezing of raindrops did not play
important role in the precipitation formation. The precipitation developed via
the Bergeron—Findeisen process which is proved by the observation which
indicated no rain above the level of —5 °C.

In Fig. 56 the domain maximum values of different type of hydrometeors
are given. The simulation overestimated the cloud water content comparing
with the sailplane measurement. The ascending sailplane found the maximum
value at 7 km close to the adiabatic value of 2.5 g/m3 (Dye et al., 1986). The
time of beginning of dry out of the cloud can be associated with the beginning
of rapid decrease of maximum liquid water content at 47. min (1630 MDT).
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Fig. 4. Schematic pictures of the simulated cloud.
The solid lines show the contour of the cloud; the
asterisks denote the snow (where its mixing ratio is
larger than 0.5 g/kg); the open circles denote the
hail/graupel (=1 g/kg); and the small dots denote
the rain (>1 g/kg). In the left hand top corner the
simulation time and the real local time are written.
1 km intervals along the boundaries are marked by
tick marks,
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In Fig. 5a the height of cloud top, the domain maximum vertical velocity
and the altitude of the top and the bottom 5 dBZ contour are depicted. The
simulated cloud top reached the maximum height of 11.8 km which is about 1.5
km higher than the observed one. The maximum updraft velocity is also over-
estimated, although the aircraft measurement can not preclude the possibility
of such a large maximum value. However, the overprediction of the cloud top
altitude seems to support the overestimation of maximum updraft velocity.

Dye et al. (1986) published in more detail the fifth pass of the penetra-
tions of "King Air’. This pass occured between 1629 and 1630 MDT at altitude of
5.4 km msl. and it was the last pass through the updraft core during the mature
stage of the cloud. Fortunately the direction of passing was near to the orien-
tation of the two-dimensional model plane. Almost the same time (1632—
1633 MDT) and the same direction at altitude of 4.3 km made its first pass the
’Aerocommander’; which observed mainly the electrical parameters, but some
other parameters are also reported in the paper of Dye et al. (1986). The result

| H km a) W,m/s

Fig. 5. Domain maximum updraft ve-
locity (dashed line), visual cloud top
height (solid line) and altitude of the
top and the bottom of 5 dBZ contour
(dashed and dotted line) as a functi on
of simulation time. The altitudes are
above the ground level (a). Damain
maximum values of differént type of
hidrometeors. The ’CW’ denotes the cloud
water; 'CI’ denotes the cloud ice; and
’S’, R’ and ’H’ denote the snow, rain
and hail /graupel, respectively (b)
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of simulation of the 'King Air’ pass at 47. min (1630 MDT) can be seen in
Fig. 6. The calculated maximum updraft of 11 m/s is a little smaller than the
observed value of 15 m/s, while the simulated downdraft maximum is larger
than the measured value (7 m/s against 3—4 m/s). The width of the updraft
core agrees well with the observed 4 km, but the abrupt change at about 14 km
was not observed.

The simulated maximum liquid water of 2.2 g/m? is close to the measured
peak value of 1.8 g/m®. The number concentrations of solid particles were
measured by two dimensional probes: one probe (2DC) for smaller particles in
size range of 20—800 p.m and one probe (2DP) for larger particles in size range
of 200—6400 pm. Comparing these size categories with different type of solid
hydrometeors used in the model, the 2DC probe would be representative of
cloud ice mainly and the 2DP probe would be representative of snow and hail/
graupel. The number concentration of hail/graupel is much smaller than that
of snow, so in spite of the larger hail/graupel mixing ratios the hailstones can be
neglected in the total number contration.

The number concentration of cloud ice and snow are depicted in Fig. 6d.
The presence of hail/graupel and snow at the outer side updraft regions agrees
well with the observation, but the large number concentration of snow in the
middle of updraft core was not observed. This discrepancy can be explained by
the presence of small downdraft region at about 14 km and by that the expo-
nential distribution may overestimate the number concentration at low mixing
ratios. Quantitatively the number concentration of snow at downwind side
agrees well with the measured value of 11! concentration. At the upwind side
the simulated concentration seems to be overestimated by about 50 percent.
A comparision with the observation of the first pass of ’Aerocommander’ is
also made. The liquid water content is overpredicted in the simulation as it
was pointed out in the case of the 'King Air’ and sailplane observations (1.17—
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km Fig. 6. Result of simulation of King Air’ fifth
pass. a) vertical velocity; b) liquid water con-
tent (solid line), hail/graupel content (dashed
line); c) snow content (dashed line) and cloud
ice content (solid line); d) number concentration
of snow (dashed line) and cloud ice (solid line).
km The horizontal distance are given in km from
the left boundary of the domain
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0.78 g/m3 against 0.31 g/m?). The simulated hail/graupel mixing ratio is smaller
than 0.6 g/kg which agrees with the small observed graupel concentration
(<0.1 1-1). The simulated snow mixing ratio is between 0.01 and 0.03 g/kg.
The calculated number concentration is 1.2 1! and the observed one is about
1 1-1. The observed maximum vertical velocity is 9 m/s against the simulated
value of 8 m/s.

The reflectivity also gives a possibility for the comparison between the
simulation and the real phenomena, but it has to be noted that the discrepancy
in reflectivity can result not only from the false simulation but from the cal-
culation of reflectivity as well. The reflectivity was calculated on the basis of
work of Smith et al. (1975) and Proctor (1987a). The height of the first echo
was well simulated which support the simulated precipitation initialization.
The spreading of the radar echo was well captured by the model, but the maxi-
mum altitude of cloud top was overestimated.

The maximum reflectivties were overpredicted during the simulation.
After the appearance of the first echo the simulated refletivity increased more
rapidly than the observed maximum value. The difference was larger than 20
dBZ. By 50. min (1633 MDT) this difference has decreased to 15 dBZ, and by
57. min (1640), when the observed reflectivity and the simulated one has
reached the maximum value of 55 dBZ and 62 dBZ, respectively, the difference
has got only 7 dBZ. From Fig. 5b it can be seen that the larger difference
in reflectivity is during the period, when the snow is the most dominant preci-
pitation element and the difference get smaller when the dominance of snow
decreases against the hail/graupel and rain. So it is beliered that this discrep-
ancy canresult mostly from the not proper calculation of reflectivity of snow.

Due to the absence of ground measurement and the unsatisfactory Doppler
radar observation, the precipitation rates and the strenght of the outflow can be
compared only with the result of other models. The simulated precipitation
rate for rain is smaller than 50 mm/hr and for hail is smaller than 5 mm/hr.
These values are larger than the precipitation rate of rain reported by Proctor
(1987b), but smaller than the value of 220 mm/br was reported by Z'ripoli on
the 2nd Cloud Modelling Workshop in 1988.

Two minutes after the precipitation initialy reaches the ground the hori-
zontal outflow begins to increase and reaches its maximum value four minutes
later. This maximum of outflow is equal to 23 m/s. Proctor (1987b) categorized
this outflow as a dry microburst because the precipitation on ground was very
light. The outflow strength seems to be overpredicted comparing with Proctor’s
result of 15-20 m/s. This difference can be explained by the free-slip lower
boundary condition used in this model.

6. Discussion

Simulation of a small continental cumulonimbus is presented in this paper.
The main characteristics are well captured by the model. Brief quantitative
comparison between the model and the observation is given in T'able 1. The
maximum updraft velocity, the maximum downdraft velocity and the height
of the cloud top are overpredicted by the model. These discrepancies can be
the consequence of two-dimensional approximation or the incorrect reduction
of horizontal wind.

The simulated liquid water contents were also larger than the observed
value, but the difference is smaller than it was reported by Helsdon and Farley
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(1986). The large simulated liquid water content as well as the lower cloud base
can be connected with not proper initial moisture structure, because the
"King Air’ during its ascend found the boundary layer drier than it was obse-
rved during the sounding (Helsdon and Farley,1986). The well simulated altitude
of the first echo and the good agreement with the aircraft observation proved
the right simulation of precipitation development.

Besides checking of the model, it was tried to investigate the effect of
introducing the mean hailstone temperature as a new parameter. To make
comparison Eq. (5) and Eq. (6) were substituted by equations suggested
by Orville and Kopp (1977). (Hereafter this approximation is called model-IT,
and model-I involves the calculation of mean hailstone temperature.) As it

TABLE 1
The altitudes are above the sea level and time is local time

Parameters ‘ Observation Simulation
Height of the cloud base 3.8 km 3.6—3.4 km
Maximum cloud top height 10.5 km 11.8 km
Spreading of 5 dBZ contour

upward /downward 6—8/10—12 m/s 7/6—12 m/s
Rapid growth phase 1620—1630 1618 — 1631
Maximum liquid water content

sailplane obs. 2.5 g/m? 3.6 g/m®

’King Air’ obs. 1.8 g/m? 2.2 g/m?

’Aerocommander’ obs. 0.3 g/m® 1.2 g/m?
Liquid cloud dry-out begins 1632 1630
Vertical velocity max.

’King Air’ obs. 15 m/s 11 m/s

’Aerocommander’ obs. 9m/s 8 m/s
Height of first echo 7 km 7 km
First graupel 1626, 5.8 km 1625, 6.2 km
Maximum reflectivity 55 dBZ, near 62 dBZ, 3 km

to ground

could be anticipated from the result of calculation (mentioned in part 2) the
model-I gives smaller updraft velocities (the difference in the maximum value
is 1.5 m/s) and lower cloud top altitude (200 m). This difference can be the
consequence of smaller heat transfer into the ambient air during the hailstone
growth. The difference between the models would be larger if the cloud
were wetter, that is the accretion of cloud water and rain by hail played more
inportant role in the hailstone growth than it occured in this case. In model-I
the hailstones mostly sublimate instead of deposition occuring in model-II.
The larger mean hailstone temperature in model-I results in a little larger
accretion rates of snow and cloud ice by hail/graupel, because the collection
efficiencies depend on the temperature of hailstone. (During dry growth the
temperature of hailstones is supposed to be equal to that of ambient
air model-I1.) The differences found in the domain maximum values of diffe-
rent type of hydrometeors, as well ag in the total mixing ratios over the domain
were smaller than 10—15 percent. The larger hail/graupel and rain mixing
ratios given by model-11 result in a little larger overprediction of reflectivity.
The wet growth regions determined by the models were also compared. The
top of the wet growth region determined by model-1 does not extend above
4.4 km (—7.5 °C), and the width of the region above the 4 km is generally 400 m.
The wet growth region determined by model-1I is larger both in height and
width.
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By 54. min it has reached the 5 km (—12 °C) and the width of the regions
above the 4 km is generally 800 m. Because the aircrafts did not observe large
liquid drops above the melting level the smaller wet growth regions seem to be
proved by observations. Summarizing these findings it seems clear that the
effect of calculating the mean hailstone temperature was not too pronounced
in this case. However, model-1 reproduced the observations better. I tink the
effect must be more significant in the case where the precipitation forms via
the spontaneous freezing of raindrops, and the hailstone collide with more
liquid water. So it planned to simulate the MIST case (MIcroburst and Severe
Thunderstrom project) on 20th July 1986. The cloud observed this day was
much wetter than the CCOPE case cloud (Wakimoto and Bring: 1988).

The modelling of ice multiplication process must be an important step
forward in more proper simulation of microphysical processes taking place in
storm clouds (4leksic et al., 1989). On the basis of laboratory measurements
the efficiency of multiplication depends on the temperature of graupel (Mossop,
1985) and not on the temperature of ambient air as it has been supposed in
cloud models. The calculation of the mean hailstone temperature can be a po-
tential solution for this problem in bulk parametrization.
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Eghajlati id6sorok spektrilis elemzésének médszerei 1.

MATYASOVSZKY ISTVAN

ELTE Meteorologiai T'anszék
H— 1083, Budapest, Kun Béla tér 2.

Két részbol 4116 tanulményunk az idGsorok spektrélanalizisének méd-
szereit tdrgyalja. A matematikai eszkozok bemutatésén tal szeretnénk felhivni
a figyelmet a gyakorlati alkalmazéds problémédira, az eredmények megfelel
értelmezésének fontossdgdra. Jelen cikkiinkben elészor a tisztdn folytonos
spektrum, azaz a spektralis slirtiségfliggvény becslésével foglalkozunk. Ezutdn
a tisztédn diszkrét spektrum becslését tekintjitk ét. Az amplitidék tesztelésére
a periodogram-elemzést és a médositott periodogram-elemzést mutatjuk be.

*

Methods of spectral analysis of climatological time series I. Our study con-
sisting of two parts discusses techniques of spectral analysis of time series.
Besides presentation of mathematical tools, we wish to call attention to prac-
tical problems and importance of interpretation of results. In this paper esti-
mation of the continuous spectrum, i.e., estimation of the spectral density
function is introduced. Then estimation of the discrete spectrum is discussed.
The procedures proposed here for testing of amplitudes are the periodogram
test and the modified periodogram test.

Bevezetés. A meteoroligiai idGsorok spektralis elemzése gazdag multra
tekint vissza. Schuster (1898) Gttérd munkaja nyoméan szinte megszéamlélha-
tatlan publikdcié latott napvilagot, s a téma iranti érdeklédés napjainkban
sem lankad. Nem célunk irodalmi attekintést adni, csupan megemlitjiik, hogy
a problémakor jelent&ségét felismerve a hazai irodalomban is hamar fel-
bukkantak a kor szinvonalin 4llé6 tanulményok (Steiner, 1931; Jordan, 1949).

E hosszt id8szak alatt a matematikai apparatus igen jelent8s fejlédésen
ment 4t. A korszeri médszerek megfelel kezelése, helyes alkalmazasa nem
egyszer(i feladat, az egyre b&viil ismeretek csak szémos matematikai cikk,
illetSleg Osszefoglalé konyv attanulményozisaval szerezhet6k meg. Dolgoza-
tunkban ezért arra tesziink kisérletet, hogy a legfontosabb ssszefiiggések
bemutatédsival globalis képet nytjtsunk a matematikai eszkozokrdl és alkal-
mazéasuk kérdéseirsl. Igyeksziink felhivni a figyelmet a kiilonbozs eljarasok
elényeire és hidnyosségaira is. Mindezt, a tanulmény mésodik részében, a
kozép-angliai havi kozéphSmérséklet 329 éves idSsoran elvégzett tsszehason-
lit6 vizsgalattal prébéaljuk szemléltetni.

A matematikai részletek irdnt mélyebben érdekléddk szaméra Anderson
(1971) munkéjat javasoljuk, mely nagy precizitédssal irédott, de ezért csak
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szamottevs el6képzettség birtokaban ajinlatos tanulményozni. Néhany fontos
eredmény joval konnyebben megérthetd Yaglom (1981) lxony\ébol Priestley
(1981) kotetét egyszerre jellemzi a matematikai igényesség és a jo érthetdség,
mikozben szinte egyediilalléan teljes képet nytjt az idGsorok spektralanalizi-
sérél.

E cikk; mely a tanulmany els6 része, néhény alapfogalom dttekintésével
indul. Ezutén a folytonos spektrum, a spektralis siirtiségfiiggvény becslésével
foglalkozunk. A kovetkezd részben a diszkrét spektrum amplitidéinak tesz-
telését elemezziik. Itt a viszonylag jol ismert periodogram-elemzés mellett
kitériink a Szentimrey (1988) altal javasoltak szerinti médositott periodogram-
elemzésre is.

1. Alapfogalmak

Legyen X;; t = 0, -1, 42, ... stacionarius sztochasztikus folyamat.
Tsmeretes, hogy barmely stacionarius folyamat az

X, =Y, +2,
forméban 4ll el§ (Yaglom, 1981), ahol Y, diszkrét spektrumi staciondrius
folyamat, mig Z; stacionarius folyamat f(w) spektralis sfirliségfiiggvénnyel,

tovabba Y, és Z, korreldlatlanok. Ha B,(k) jeloli Z; autokovariancia-fiiggvé-
nyét, akkor:

flo) = = F B, —n<a<n )
vagyis a spektralis s(ir(iségfiiggvény egy Fourier-sorba fejthets fiiggvény, és a
Byk) = [ flw)d*do,k =0, £1, £2, . .. )

Fourier-egyiitthaték éppen Z; autokovariancia-fiiggvényének tagjai.
Az Y, folyamat K harmonikus komponens Osszege, azaz

K
Yt = Z A, cOos (O.)JtJr(I)j)

i=1

ahol {®@;} egymistol fiiggetlen, a (—m, ) intervallumon egyenletes eloszldst
val6szinliségi valtozdk sorozata, mig {A4;} és {w;} ismeretlen konstansok.
Némi szdmolés utdn Y, autokovariancidira

mm=éiAmmmm (3)
=

nyerhetd. Nyilvanvald, hogy Y, nem rendelkezik spektrilis sirliségfiiggvény-
nyel, hiszen (1)-ben B,(k) helyett By(k)-t szerepeltetve minden w-ra zérust
kapunk, kivéve a {+w;} pontokat, ahol viszont végtelen adédik.

A gyakorlatban az X, folyamatra vonatkoz6 z,, . . ., ¢y id&sor birtokdban
kell az {4;} amplitudékra, az {w;} frekvencidkra és az f(w) spektralis sfiriség-
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fiiggvényre becslést adni. A feladat igen bonyolult, mert két tag Osszegére
torténé megfigyelésekbdl probalunk az egyes tagokra kovetkeztetni.

A vizsgilati modszerek dltaliban a periodogrambdl indulnak ki. Az X,
folyamat autokovarianca-fiiggvényének szokésos

A Vet ]
B(k) = %hzlk (x)—X) (X4 —X), k = 0, +1, .., £(N—1),

i=1

B(k) =0 , [k| >N—1,
e 1 XN
X = — Xj
N jgi
becslésébdl kiindulva az
1 N—1 ., :
Ho) = — B(k) e=iko, — n<Ca<ln (4)
2T k=—(N—1)

kifejezést periodogramnak nevezziik. A formula (1)-gyel val6 hasonlésiga
azt sugallja, hogy a periodogram a spektralis sfiriségfiiggvény becsléséiil
szolgdlhat. Valoban, ha X, nem rendelkezik diszkrét periodusokkal (X; = Z;),
akkor (4) f(w) aszimptotikusan torzitatlan becslése, vagyis I(w) varhaté érté-
kére hosszt idGsor esetén jo kozelitéssel teljesiil, hogy

E[1I(w)] = f (o).

Abhoz, hogy a periodogram jé becslése legyen a spektrumnak, a fenti
relécion kiviil az is sziikséges, hogy szérdsa az idGsor hosszdnak nivelésével
zérushoz csokkenjen. Sajnos ez nem 4ll fenn, mert a periodogram szoérés-
négyzetére nagy N esetén

2 (@), @ = 0, +m,

D [I(w)] = [
2f%(w), w = 0, 7

teljesiil.

Megmutathaté az is, hogy két w;, w,, o, # 1w, ponthoz tartozé perio-
dogram elem kovariancidja N névekedésével zérushoz tart.

Ha X, diszkrét periédusokat is tartalmaz, akkor

E[I()] = S [Fx(o—ay) + Fx(o + oy14% + f(0) (5)
i=1
ahol
Fy(®) = 1 sin?2 (NO/2)

27N sin? (0/2)

az Gn. Fejér-féle magfiiggvény. Mivel Fy (0) nagy N mellett a ® = 0 ponttdl
tdvolodva rendkiviil gyorsan lecsdkken, ha « nincs ,nagyon kozel” egyik
wj-hez sem, akkor az elsd tag (5)-ben zérus. Ha w tobb wj-hez is nagyon kozel
van, az egyes diszkrét komponensek osszefolynak, nem megkiilonboztethetSk.
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Csak akkor vélaszthaték szét, ha jéval hosszabb id&sorral dolgozunk. Végiil,
ha o = o, de a tobbi w; nincs til kozel, akkor

E[l(w)] = gAgi + f(w).

2. Folytonos spektrum becslése

Induljunk ki abbdl, hogy X; = Z,. Amint lattuk 7 (o) szérisa — gyakor-
latilag az idGsor hosszatél fiiggetleniil — meglehetSsen nagy, tovébbi tetszé-
leges «,, w, pontokban I(w,) és I(w,) aszimptotikusan korrelilatlan. Ennek
az a kovetkezménye, hogy I(w) nagyon erdsen ingadozik f(w) koriil. Olyan
médszert kell tehat konstruédlni, amely I(w) er8s ugralisit kisimitja (esok-
kenti a szérist). Ez a periodogram

f (o) = [1@)Wy (c—0) 46 (6)

alakd silyozott integraljaként értelmezhets, ahol Wy (®) megfelelGen vilasz-
tott sidlyfiiggvény. A gyakorlatban sokszor kényelmesebb az

N—-1

flo) = o= D wy(k) B(k) e~k (7)

- (N—1)

formét alkalmazni; ahol
wy (k) :fWN(G)) ek d@,k =0, +1;..., +(N—1).

Megemlitjiik, hogy Wy(®) spektralis ablak, wy(k) kovariancia-ablak néven
ismeretes.

A becslés j6 tulajdonsigai érdekében természetesen bizonyos kritériumok-
nak kell teljesiilnie. A gyakorlatban alkalmazott kovariancia-ablakok igen
jelentGs része Un. skdlaparaméter ablak, amely azt jelenti, hogy wy(k) és
Wy(0®) kozvetleniil nem fiigg N-t6l, hanem egy M skélaparamétertsl. Ekkor
w(k) a w(k) = u(k/M) alakban adhaté meg, ahol %(x) bizonyos — itt nem
részletezett — tulajdonsdgokkal rendelkezik (Priestley, 1981).

A
A periodogram (6) simitésa azt eredményezi, hogy f(w) szérésa — a simitds
szélességétsl fiigg6en — kisebb mint I(w) szérdsa, am a becslésben nemesak
az o-hoz tartozé periodogram elem, hanem annak szomszédsigiban 1év6

elemek is szerepelnek. Ennek az a kivetkezménye, hogy f(m) vérhaté értéke
eltér f(w)-t6l. Kérdés, hogy az idGsor hosszénak novelésével miként viselked-
nek a becslés tulajdonsigai.

Kimutathat6, hogy megfelel6 u(x) mellett és N —co, M — oo, N/M — co

esetén f'(w) d(w) szérésa és b(w) = E[f(w)—f(m)] torzitdsa zérushoz tart, ezért
E [(f(w)—f())*] = 8() +b%w) 0,
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és igy (8), illetve (7) a spektrilis slirliségfiiggvény konzisztens becslése. Igen
dltalanos feltételek mellett az is beldthatd, hogy f(w) aszimptotikusan normélis
eloszlést.

Priestley (1981) szamos ablakfiiggvényt mutat be, az aldbbiakban ezek
koziil emeliink ki néhényat. A trunkalt periodogram ablak elnevezése onnan
szérmazik, hogy (4)-ben az els6 M kovariancia véltozatlanul szerepel, tehét
a kovariancia-ablak

w(k) =

{l,lk[<M,
0,|k|>M

formaja.
A Bartlett-ablak, vagy haromszogablak a

1— [k|/M, k| <M,
w(k) =

0 ) k| >M

alakban értelmezhetd.
Igen nevezetes a

1— 2a + 2a cos (tk/M), k| < M, 1

w(k) = 0<a——

0 ; [k >M, 4

altalanos Tukey-ablak, melynek leggyakrabban alkalmazott specidlis esete
a Tukey—Hamming (a = 0,23) és a Tukey—Hanning (a = 0,25) ablak.
Egyel6re megvilaszolatlan az a kérdés, hogy a szémos ablakfiiggvény
koziil melyik a legjobb. Erre nem igen lehet egyértelmii vélaszt adni, hiszen
a becslés josiga tobbféleképp értelmezhetd. Kijelolhetd viszont egy olyan
esoport, melybe a minden kritérium szerint jé ablakok tartoznak és tulajdon-
sdgaik kozott nines lényeges kiilonbség. Ennek élére a Tukey—Hamming és a

3M MO ;
0 5 10]> =/M

formédban megadott Bartlett—Priestley-ablak kivinkozik. Ez utébbi azzal a
tulajdonsdggal rendelkezik, hogy a sehol sem negativ spektrilis ablakok
korében az

8(w) + b¥(w)

3l
7 () f2(0)
relativ atlagos négyzetes hibat minimalizélja.

Végiil arrél kell szét ejteniink, hogy egy id8sor birtokdban miképp adjuk
meg M értékét. Kis M esetén ugyanis nagy a simités, ezért kicsi a becslés
szorasa, de nagy a torzitésa. Ezzel szemben nagy M-re a torzitds kicsi és a
széras nagy. Igen fontos tehat azt az M-et megtaldlni, amely a szdérést és
torzitdst is viszonylag alacsony szinten tartja. Erre vonatkozdan pontos meg-
oldis nem létezik, csupan heurisztikus megfontolisok segitenek. Ezek térgya-
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l4sdt most mell6zziik, a részletek megismeréséhez ismét Priestley (1981) vagy
Yaglom (1981) munkéjat ajanljuk.

Térjiink vissza az X; = Y,+Z; altalanos esetre. Mint lattuk az Y,-ben
szerepld frekvencidk kizelében a periodogram varhaté értékének f(w)-t6l vald
eltérése N-nel aranyos. Nem nehéz belatni, hogy a periodogram simitdsaval
nyert becslés esetén az eltérés M-mel aranyos, ezért a diszkrét frekvencidk
kozelében a becslés megbizhatatlanna vélik. Az éghajlati id8sorok esetén a
tisztén folytonos spektrum feltevése altaliban nem tarthatd, hiszen elég csak
az éves, vagy esetlegesen 1étez8 hosszabb periédusokra gondolni. A diszkrét
periddusok tesztelése tehat azon kiviil, hogy fontos klimatolégiai informéciot
nyujt, lehet6vé teszi a spektrum folytonos tagjanak pontosabb becslését is.
Errdl részletesebben tanulmanyunk mésodik részében szélunk.

3. Diszkrét spektrum becslése

3.1. Periodogram-elemzés. Az eljaras abbdl indul ki, hogy Z, fehérzaj folya-
mat, tehat

¢ k =0,
B, (k) = {0, k = 0,
amelyhez az

ol
f(w) =2—, — < oo<n
T

spektralis stirtiségfiiggvény tartozik. Szemléletesen ez azt jelenti, hogy B(k)-t
csak By(k) hatidrozza meg, illetSleg, hogy az X; viselkedésében mutatkozé
peritdikussag csak a diszkrét periddusokbdl fakad, hiszen f(w) eztttal w-tél
nem fiigg6 konstans.

A gyakorlatban a A; = 2nj/N,j = 1,..., L = [N/2] pontokban szamit-
juk ki a periodogram értékét, ahol [N/2] az N/2 egész részét jeloli. Ha ugyanis
Z, Gauss-folyamat, és Y, Z; fiiggetlenek, akkor a periodogram elemek e pontok-
ban fiiggetlenek, s6t «z is belathaté, hogy ha 2; kizelében nincsen diszkrét
frekvencia, akkor 4nl(}j)/o® y%-eloszlist (két szabadsigfoku y2-eloszlasi).

A periodogram tesztelésekor abbdl a nullbipotézishél indulunk ki, hogy
X, = Z; (nincsenek diszkrét periédusok). A o2 becslésére a

7 L
o = T 1)
N,&

statisztika hasznalhaté, mivel ha igaz a nullhipotézis, akkor ez konzisztens

becslése s2-nek (Anderson, 1971).
A végrehajtés sordn a

mex {100}

(8)

prébastatisztikat alkalmazzuk, amely X, = Z, esetén L fiiggetlen y2,-eloszlasti
val6szinfiségi valtoz6 maximumanak és osszegének hényadosa, tehat L sza-
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badségfokt Fisher-eloszlisti. Ha a prébastatisztika azt jelzi, hogy a nullhipo-
tézis elfogadhat6, akkor a vizsgilatnak vége. Ha nem, akkor az I(A;) maxi-
mélis dsszetevSt valédinak tekintjiik és az ehhez tartozé frekvencia és ampli-
tiudé becslése:

A 8
& =r A2= F"I()\i).

22

Ezutdn megismételjiik a vizsgalatot gy, hogy I(i;)-t el6zbleg kivessziik a pe-
riodogram elemek koziil. A prébastatisztikat ekkor eggyel kisebb szabadséig-
fokti Fisher-eloszlds megfeleld kvantilisével vetjiilk Ossze, s mindezt addig
ismételjiik, amig szignifikdns periédust taldlunk. Az eljarést részletesen tar-
gyalja Hamed et al. (1988) cikke.

Nem 4rt hangstilyozni, hogy a szignifikédns periédusok frekvencidjanak és
amplitidéjanak megéllapitisdban pontatlansdg léphet fel. Semmi garancia
nines ugyanis arra, hogy az Y -ben szerepl6 frekvenciik egybeesnek a 2; =2xj/N
frekvencidk valamelyikével. Ezért el6fordulhat, hogy a valédi frekvencidt
a hozzé kozeli );-vel azonositjuk, de lehetséges az is, hogy az illet§ periédust
nem sikeriil kimutatni. Ha hosszl az idGsor, a A; = 2xj/N felosztés igen sfirf,
ezért a frekvencidk megéllapitdasakor kicsit tévediink, &m f6leg a hosszi peri-
6dusok esetén a 7' = 2w/w periédusidé meghatérozasa pontatlan lehet.

3.2. Mddosttolt periodogram-elemzés. A periodogram-elemzés probléméja —
s ez a periodicitdsvizsgilatra dltalaban is jellemz6 —, hogy végsé soron nem
lehet tudni, hogy a szignifikdnsnak talalt amplitidok kozott milyen valdszi-
niiséggel van jelen valéjaban nemlétezd periédus (els6fajii hiba). Minden 16pés-
ben 1—a szinten dontiink (x az els6faji hiba valdszin(isége), de ebbdl nem lehet
kivetkeztetni a teljes prébasorozat elséfaja hibajara.

Szentimrey (1988) ezért (8) és az eljards médositiasat javasolja. A nevezihen
a periodogram elemek Osszege, vagyis atlaguk L-szerese helyett, a mediin
L-szeresét, vagy egyszer(ibben a mediint szerepelteti. Tovabbi kiilonbség,
hogy az egyes lépésekben a nevezs nem véltozik, tehédt mindig az 6sszes peri-
odogram elem medidnja. A leglényegesebb momentum azonban a nullhipotézis
elfogaddsi tartoményanak meghatérozésa. Pontosabban: legyen &, ..., &y
fiiggetlen y,2-eloszlast valtozok sorozata és jelolje S(£) ennek medidnjét.
A (k+1)-edik 1épésben, tehat miutén % szignifikéns periédust mér talaltunk, a

P[max {&nj=1L...; L=k}
S(8)
reléciébol az 1—x szignifikanciaszint melletti 8y, 1 kritikus értéket kell megha-

tarozni. Ha az elsS 1épésben (¢ = 0) a prébastatisztika azt jelzi, hogy az X; = Z;
nullhipotézis elfogadhaté, vagyis

< Br+1 J = l—a

akkor a vizsgélat befejezédik. Ellenkezd esetben folytatédik tigy, hogy a (£ +1)-
edik 1épés soran a szamlaléban a (£+ 1)-edik legnagyobb periodogram elem
szerepel, s e prébastatisztikat hasonlitjuk ossze fi4i-gyel.
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Ekkor, ha minden lépésben 1—oa szinten vizsgélédunk, a prébasorozat
elsSfaju hibaja «. A prébastatisztika eloszlisa Monte-Carlo médszeres szimu-
laci6 segitségével hatarozhaté meg.

Megjegyezziik, hogy a nevezSben a periodogram elemek atlaga helyett
azért célszer(ibb a mediannal dolgozni, mert igy kisebb a mésodfaja hiba vals-
szinfisége, azaz kisebb annak a valdszinfisége, hogy egy 1étez6 periédust nem
sikeriil kimutatni.

Osszefoglalds

Cikkiinkben voltaképpen két specialis esettel, a tisztan folytonos és a tisz-
téan diszkrét spektrummal foglalkoztunk. Az éghajlati id8sorok azonban éltala-
ban mindkét 6sszetevivel bird kevert spektrummal rendelkeznek. Az ezzel kap-
csolatos matematikai eredményeket tanulméanyunk kovetkezd részében téar-

gyaljuk.

Koszometnyilvanitds. Koszonetet mondok Szentimrey Tamdsnak a kézirat
attanulményozésa soran tett hasznos észrevételeiért és tanicsaiért.
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IROANAL

GEORGII, HANS-WALTER : Beeinflussen biogene atmosphirische Schwefelverbin-
dungen das Klima? (Befolydsoljdk-e a bioldgiai eredetii légkiri kénvegyiletek az éghajlatoi?)
Sitzungsberichte der Wissenschaftlichen Gesellschaft an der Johann Wolfgang Goethe
Universitit Frankfurt am Main, Band XXVI, Nr. 1. Franz Steiner Verlag, Stuttgart,
1990. 24 oldal, 7 dbra, 39 irodalmi hivatkozds.

A kutaték mintegy tiz esztendbvel ezel6tt fedezték fel azoknak a gdzfdzisu kén-
vegyiileteknek a légkori jelenlétét, amelyek tulnyomoérészt bioldgiai eredetliek : elsGsorban
az ocednok vizében lebegé novényekbdl szdrmaznak, de a szarazfoldi forrdsok sem el-
hanyagolhatéak. B gdzok — a dimetil-szulfid (DMS), a szén-diszulfid (szén-kéneg) és a
karbonil-szulfid (COS) — fontos (sokak szerint meghatérozé) szerepet toltenek be a ter-
mészetes légkodri kéntartalom alakitdsdban. A DMS és a szén-diszulfid a 1égkor alsé
rétegeiben gyorsan oxiddlédva szulfatrészecskékké alakul, a COS viszont passziv géz,
amely el6szor a sztratoszféraban kezd oxiddlédni. Napjainkban sok szé esik e nyomgéazok
klima-alakité hatdsdr6l. A DMS-bol keletkezé szulfat-aeroszolok hatékony kondenzécios
magvakként miikodve modositjak a maritim felhék mikrofizikai szerkezetét és ezen
keregztiil az 6cedni teriiletek f6lotti sugdrzdsegyenleg alakuldsdt, mig a COS a sztratosz-
ferikus szulfét aeroszol koncentrdciét befolydsolja. Ha elfogadjuk azt a kiindul6 llitédst,
hogy melegeds éghajlat esetén a kénvegyiiletek biolégiai forrdsai erésodnek, akkor az
emlitett két folyamat az iiveghdzhatds antropogén eredetii novekedésének kovetkezmé-
nyével ellentétes hatdst fejt ki: a bioszféra komoly klima-stabilizdlé tényezo lehet.

A neves szerz6 munkdjét mindazok figyelmébe ajanljuk, akiket érdekelnek a Gaia-
hipotézis kériil kibontakozé mind szélesebb kor(i eszmecsere fejleményei.

Gotz G.
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RONIE

BOJTI BELA NYUGALLOMANYBA VONULT

Az Orszégos Meteoroldgiai Szolgalat ko-
telékében eltoltott 39 évi szolgdlati id6
utdn nyugilloményba vonult Bégjii Béla,
a Siéfoki Viharjelzé6 Obszervatérium ve-
zotbje.

Zala megyében, Nagykanizsan sziiletett
1933. dprilis 20-4n. Mar gyermekkoraban
a nagysziil6i, falusi kornyezotben meg-
érintette az a ,,csoddlatos’ viharélinény,
amely egdsz pdlyafutdsan at végig lkisérte.

Az érettségi utén a budapesti Eotvos
Lorénd Tudoményegyetemen 1955-ben
meteorologusi oklevelet szerzett. Kzt ko-
vetden 2 évet az Alban Népkoztarsasag
Meteorologiai Intézetében dolgozott tech-
nikai-tudoményos munkatdrsi beosztds-
ban. 1958-ban az egykori Orszdgos Meteo-
rologiai Intézet szolgédlatédba lépett. 1964-
46l mostandig, onként vallalt nyugdfjaza-
saig a siofoki Viharjelzé6 Obszervatorium
vezetdjeként dolgozott.

Kutaté munkajaban elsésorban a ta-
pasztalatra tdmaszkodott. Behatdéan fog-
lalkozott a Balaton vizhémérséklotével,
a pre- és posztfrontdlis gradiens szelek
szinoptikus-statisztikai vizsgdlatdval, a
szlovéniai instabilitdsi vonalak természe-
tével és elbrejelezhetdségével csakugy,
mint az idéjardsi radaradatok viharjelzési
célokra valé alkalmazhatésagaval és a
balatoni viharjelzés korszer{isitésével. Tdrs-
szerz6je a német nyelven irt Sturmwar-
nung am Balatonsee cim(i mddszertani
konyvnek, amely a balatonkutatés 1960-as
években elért eredményeit 6sszegzi. Nevé-
hez f(iz6dik a balatoni viharjelzés meteo-
rolégiai kiszolgédldsdnak technolégidjét le-
{ré itmutatds osszedllitdsa is.

Tudomsényos tevékenységére a balatoni,
és részben a velence-tavi viharjelzések
meteoroldgiai kiszolgéldsat segité ultra-
rovidtdvi elbrejelzések médszereinek fej-
lesztése volt a meghatérozd. E témakorben
szerzett doktori fokozatot is az ELTE
Természettudoményi Karan, 1972-ben.
Tudoményos-szakmai irodalmi tevékeny:
ségét 57 5uilld, illetve szerzbtarsakkal irt
tanulmany fémjelzi.

1989-ben, szerz6tarsakkal megosziva, a
bécsi egyetemen nemzetkozi Schinze-dijban
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részesult az ,,0bjektiv modszer erds széllel
jaré Azori anticiklon-helyzet felismertetésé-
re”’ cimmel frt német nyelv(i tanulmédny-
pélydzattal. A magasszint{i nemzetkozi dij-
akhoz hozzéjdrult tobb kilfuldi szakelGa-
dasa (NSZK, Olaszorszig, Ausztria stb.),
amellyekkel szolgélatunk hirnevét oreghi-
tette. A nevezett orszdgok szolgdlataiis ko-
szontotték nyugdijba vonuldsa alkalmabdl.

Szoros kapesolat fiizi a Magyar Meteo-
rologiai Térsasdghoz, annak valasztményi
tagja. A Balatoni Intéz6 Bizottsdg Kor-
nyezetvédelmi Szakbizottsdgdnak tagja-
ként jelentds ismeretterjeszté6 munkét is
végzett. Tobb tudoményos ismerettor-
jeszté cikke jelent meg a Légkor, a Vizi-
kizlekedés eimfi folydiratok és a napilapok
hasdabjain.

Palyafutédsa sordn a balatoni viharjelz6
szolgalat fejlesztésében kifejtett munkdssé-
gaért szdmos kitiintetés mellett 1983-ban
megkapta a Munka Erdemrend eziist foko-
zatat is. Vezetése alatt, az elmult 25 évben
sikeriilt a meteoroldgiai tevékenységnek
ezt a fontos, élet- és vagyonbiztonsdgot
szolgalé dgdat mind elméleti és technikai
megalapozottsigat, mind pedig a személyi
utdanpo6tlds kinevelését tekintve nemzet-
kozi mércével is dicséretreméltd szintre
oemelnie. Irdnyitdsa alatt szakmai hibébdl
emberéletet nem koveteltek a Balatonra
tord viharok.

Agilis szervezé tevékenységének lko-
szonhetéen az Obszervatérium tudomé-
nyosan megalapozott, technikailag jol fel-
szerelt munkahelyeit, j6l megszervezett
munkédjdt, lkellemes kornyezetét sokan,
bel- és kiilfoldi vendégek, szakemberek
egyardnt megismerhették.

Tulflitott energidjabdl és szivossdgdbol
kozéleti tevékenységre is futotta. Elismert
mozgalmi és kozéleti tevékenysége egybe-
esett Sidéfok virossd fejlédésével.

Az Obszervatérium minden munkatérsa,
a viharjelz6k és tiszteléi nevében a meg-
érdemelt pihenés nyugodt, hosszu éveit
kivanjuk Béldnak. Szakmédja és a termé-
szet, irdnti szeretete reméljitk még sok
orémben fogja részositeni aktiv pihené-
sében.

Barth 1.



3. NEMZETKOZI POSZTGRADUALIS NOVENY —IDOJARAS MODELLEZ ESI
TANFOLYAM

Az TIzraeli Meteorologiai Szolgdlat, a
Meteorolégiai Vildgszervezet (WMO), az
Izraeli Nemzetkozi Kapesolatok Miniszté-
riuma, valamint a Kozlekedési Minisztéri-
um tdmogatdsdval rendezte meg a 3. Nem-
zetkozi posztgradudlis noévény —idéjards
modellezési tanfolyamot 1990. médjus 28-a
és julius 1-je kozott Bet Daganban (12
km-re Tel Avivtol).

Izrael éllam részleges és teljes Oszton-
dijakat ajénlott fel a résztvevék széméra.
Jelen sorok {réjénak a részvételi kiltségét
végiil a WMO fedezte, mig az utikoltséget
a rendez6 orszag &llta. A hallgatékat a
Meteoroldgiai Intézettél kb. 2 km-re 1év6
Avia Hotelben helyezték el, ami izolédltsdga,
folytdn kimondottan alkalmas tanuldsra.
Az 6rakat is a szdlloda egyik konferencia
termében tartottak. A tanfolyam fé témdja
a szimuldeids (névénynodvekedési) modellek
megismertetése volt. Mivel ez elképzelhe-
tetlen szdmitogép nélkiil, ezért a tanfolyam
idejére a 24 hallgaténak 6t IBM kompati-
bilis AT-t allitottak be az osztdlyterembe,
s igy a nap bérmely szakéban lehet6ség
volt egyéni tanuldsra és munkédra. A ren-
dez6k azon feltevése miatt, ami egyébként,
teljes mértékben igazolédott, hogy a részt-
vevik egy része eldszor talilkozik PC-vel,
egy kis szamitogépes bevezeté is csatlako-
zott a tananyaghoz.

A tanfolyam f{6bb célkitiizéseit négy
témakorben lehet megjelslni:

— Bevezetés a novény—iddjardas mo-
dellekbe.

— A modellalkotés
statisztikai alapelvei.

— Személyi szamitoégépek haszndlata a
modellezésben, beleértve a mdar emlitett
gyakorlatokat is.

— Tanulményutak az elhangzott elmé-
leti ismeretek gyakorlati alkalmazdsdanak
demonstrdldsédra.

Az elméleti érak a tanfolyam utdn adott
bizonyitvény szerint az alabbi médon osz-
lottak meg a témédk kozott:

matematikai és

Novények éghajlati igényei: 26 ora

Idgjérasi és biolbgiai adatok

gyfijtése: 12 6ra
Bevezetés a szimuldcids és statisz-

tikus novény —id6jarasi

modellekbe: 14 6ra
Nbvényi és dllati produkeid

modellezés : 5 6ra
Novényalloméany mikroklima

modellezés : 14 o6ra
Modellek konstrudldsa, tesztelése

és verifikdldsa : 16 6ra
Modellek gyakorlati alkalmazédsa: 16 6ra

Esettanulmédnyok és gyakorlds: 50 éra
Tanulményi kirdnduldsok
és demonstrécidk: 20 ora

Az eléaddsokat zommel az Izraeli Me-
teorolégiai Szolgédlat munkatérsai tartot-
ték (S. Jaffe, J. Lomas, A. Manes, Z. Al-
person, Z. Gat és M. Mandel). A meghivott
eléadék a szintén Bet Daganban 1év6
Voleani Centerb&l (Prof. Q. Stanhill, N.
Zeligman és H. Talpaz), & Héber Egyetem-
r6l (Prof. I. Mahrer), valamint egyetlen
gyakorlati szakemberként a Shamir Kib-
butzbdl (M. Meron) keriiltek ki.

A tanuldst elére kiosztott tankdnyv és
kiilonlenyomatok, valamint korldtlan maé-
solési lehetGség segitette. Mdr megérkezé-
siinkkor pontos tan- és utazési tervet adtak
&t, amelyhez végig pontrél pontra ragasz-
kodtak. Az eléadék kivétel nélkiul nagy
felkésziiltségli, szakméjukban jdrtas szak-
emberek voltak, s mindegyikiik igyekezett
tudésa legjavat adni.

Az elméleti képzést kiegészit gyakorlati
bemutatok sordn elvitték a hallgatokat két,
ontozé berendezést is gydrté kibueba, ahol
lathattuk, hogy mire képes egy orszédg, ha
az 6ntdzés élet-haldl kérdése. A Dan és a
Netafim Kibucok rendkiviil gazdag vé-
lasztékat nydjtjak a szémitégép vezérelte,
mikrometeorolégini méréseket is haszno-
sftd ©ntdéz6 berendezéseknek. A Shamir
Kibucban Moshe Meron eléadénk, sajat
maga mutatta be az dltala vezetett tandces-
adé rendszer miikodését a Hula volgyben.
Lathattunk iiveghédzakat és foliasédtrakat,
ahol termeléegységek a sajét maguk dltal
végzett sugérzdsegyenleg és PhAR (foto-
szintetikusan aktiv sugarzds) értékek el-
oszldgdt vizsgdljdk abbdl a célbél, hogy
nagyobb hozamot érjenek el. Ez a bemu-
taté és a Volcani Centerben tett ldtogaté-
som meggyoztek arrol, hogy a kisérleti ag-
rometeorolégidnak, vagy ha ugy tetszik a
(mérs) mikroklimatolégiai tevékenységnek
van értelme, s eredménye. A koltséges
kutaté és fejleszté munkat részben az &l-
lam, részben a felhasznélék, valamint hazai
és nemzetkozi kutatdsi 6sztondijak fedezik.
Ebbél a kisérleti jellegfi kutaté munkédbél
remek képet kaptam, amikor meglétogat-
tam a Volcani Centert, egy nagy agrér-
kutaté kozpontot. Hét intézetének tevé-
kenysége a biolégiai kutatdsoktol kezdve
a fajtanemesftésen ét a mezbgazdaségi gép-
fejlesztésig mindent feldlel, ami érdekes
lehet a mezdgazdaség fejlesztése szempont-
jabol. Az Agrometeoroldgiai Osztdly (De-
partment of Agricultural Meteorology) a
Talaj és Viz Intézethez (Institute of Soils
and Water) tartozik hat médsik osztéllya
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egyiitt. Az osztdly foglalkozik a sugdrzés,
CO, és vizfogyasztds mérésekkel, s leg-
Ujabban a tavérzékelési médszerek alkal-
mazési lehetiségeinek vizsgdlatdval az 6n-
tozés eldrejelzésben.

A Meteorolégiai Intézetben féleg termo-
helyi adottsdg vizsgdlatokat, valamint sta-
tisztikus termés-id6jards modellezést vé-
geznek. Gyakorlatban ugyan nem léttulk,
de az el6addsok sordn elhangzott néhény
olyan mikroklimatikus sugérzédsmeéreés,
amelyeket az intézet munkatérsai végeztek
kiillonb6z6é félia takardsokkal kapesolat-
ban, s ezeket igen hasznos lenne itthon is
megvalésitani.

A kirdnduldsok sordn nemcsak szakmai
létnivaldkban volt része a hallgatosagnalk,
hanem alkalmunk volt megtekinteni a
Szentfold szinte minden latnivaldjat, végig-
jartuk Izraelt Dant6l Ber-Shevaig.

Az izraeli szolgalat nem kis fdba vagta
a fejszéjét, amikor egy ilyen specidlis té-
médban hirdetett immar harmadszor poszt-
gradudlis képzést. Egy harminenapos tan-
folyamba sfiriteni ezt a gazdag témat és
megfelel6 mélységhen megismertetni a

hallgatékkal, szinte lehetetlen. Személyes
célkitilizésem a tanfolyam el6tt a szimuld-
ci6s modellekr6l sz616 ismereteim bévitése
volt. Ez végiil is elég kevéssé val6sult meg,
az elbaddk egyébként tiszteletre méltd
minden igyekezete ellenére. Taldn jobb lett
volna az egész tanfolyamot csak ennek a
szlikebb téménak szentelni. Mivel a hall-
gaték tobbsége viszont modellezéssel még
nem foglalkozott, ezért a gyakorlott szak-
ember szédméra kevés ] informdciét nyuj-
tott.

Megérte-e résztvenni a tanfolyamon, ve-
tédik fel ezutédn a kérdés. Igen, de nem a
modellezés terén szerzett ismeretek gyara-
pitdsa miatt, hanem a kisérleti agrometeo-
rolégia terén gy(ijtott informdeidkért, mi-
vel egy, a méréstechnikéban ndlunk jéval
el6bbre jér6 orszdg miiszerezettségérsl és
mérési szisztémdjardl kaptunk dttekintést.
A kivalé mérési Gtleteket, a megfeleld mii-
szerezettséget jo volna itthon is megvalé-
sftani, hisz eltekintve a klimatikus kii-
1onbségektol, lehet és érdemes azokat hasz-
nosftani a magyar meteorolégiai szolgdlat-
nak is.

Dunkel Z.

TALAJNEDVESSEG MEGFIGYELESI SZEMINARIUM

A Kozponti Meteorologiai Intézet, Agro-
meteorolégiai Féoszldilya és az OMSZ Nem-
zetkozi Kapesolatok Osztalya 1990. oktéber
9—11. kozott rendezte meg talajnedvesség
szemindriumdt WORKSHOP ON SOIL
MOISTURE MONITORING  cimmel,
Szarvason. A rendezvénynek kiilon aktu-
alitdst adott, hogy az 1990-es év az évszd-
zad legstlyosabb aszélyét hozta, s bdr nem
orvendetes modon, de ramutatott arra,
hogy az ilyen jelleg(i meteorolégiai (agro-
meteorolégiai) tevékenység sziikséges, még
akkor is, ha a gazdasdgi kériilmények nem
igazoljék azonnal annak hasznossdgdt. Ezt
igazolta — a szervezlket is megleps —
nagy érdeklédés az el6addsokra vald je-
lentkezésben és a rendezvényen vald rész-
vételben is. Annak ellenére, hogy a rendez-
vény el6készitéséhez csak az idei évben
kezdtiink hozzéd, mégis néhdny kulfoldi
résztvevét tudtunk megnyerni ligyiinknek.
A szemindriumon a kiilf6ldi szakemberek
mellett az OMSZ, a PATE, a DATE Féis-
kolai Kar Szarvas és Karcag, a GATE, az
OKI, a Laboratériumi Mfiszergyér Rt., az
MTA TAKI, a BME, a KEE és a VI-
TUKI munkatérsainak jelentkezésével

yiitt Osszesen 29 elGadds Gsszefoglaldjat
kildték be a szemindriumra.

A bekiildstt eléadédsokat téméjuk alap-
jén hérom csoportba soroltuk. Az elsd,
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a legnépesebb témalkor, a miiszerekkel és a
méréstechnikdaval foglalkozott INSTRU-
MENTS AND MEASURING METHODS
FOR DETERMINATION OF SOIL
MOISTURE cimmel.

Az ehhez kapesolt eléadédsok:

— Results of Improvement of a Multi-
purpose Soil Moisture Measuring Gauge
(S. Daréezi, I. Kocsis and J. Lelkes)

— Operative Experience of Neutron
Soil Moisture Probe (I. Posza and A. Wal-
kovszky)

— Experiences in Applying the RO—
810 Type Soil Moisture Recording Instru-
ment in Hungary (B. Csepinszky and B.
Csiszdr)

— Soil Moisture Recording with Tensio-
meter and Control of Irrigation at Sprink-
ling Water Supply (S. Daréczy, I. Kocsis
and F. Ligetvdrz)

— Technical Applicabilities of a Port-
able Soiltester (/. Kocsis, A. Darida and
J. Magyar)

— Comparison of some Soil Moisture
Measuring Apparatuses under Sprinkler
Irrigated Rice (Cs. Ipsits, T. Kovdcs and
I. Péterfi)

— The Reputation and Development of
Soil Moisture Measuring Methods and
Instruments in the Framework of the
USSR State Comission for Hydrometeoro-




logy (A. D. Pasechnyuk, I. A. Permyakov
and A. I. Gusev, Sovietunion)

— Soil Moisture Sensor ,,VIRIB” and
its Use in Agriculture (71'. Litschmann,
Czechoslovakia)

— The TAKI MOBILLABOR, an Ag-
roecological Field Laboratory (F. Csillag,
E. Molndr and L. Pdsztor)

— An Airborne Microwave Radiometer
System for Soil Moisture Mapping (G.
1jjas)

— Remote Sensing Soil Research in
Optical Range Waves and Estimation Soil
Moisture (V. Kazandjiev, Bulgaria)

— Cooled Soil Moisture Measuring (4.
Brandelik, Germany)

— Experience of Isotopic Soil Moisture
Measurements. Estimation of Measuring
made on Danube Island ,,Szigetkoz’’ (Z.
Vargay)

— Comparison of the High Frequency
Soil Moisture Measuring Device with Neut-
ron Probes (A. Walkovszky)

— Areal Distribution of Surface Soil
Moisture Content Determined by different
Measuring Methods (K. Rajkai)

A midsodik csoportba keriiltek a talaj-
nedvesség szdmitdssal és modellezésével
foglalkozé el6adésok. A mésodik rész cime:
METHODS AND MODELS FOR CAL-
CULATION OF SOIL MOISTURE.

— Simulation of Soil Moisture Dynamics
(G. Georgiev and V. Aleksandrov, Bulgaria)

— A Simple Method for Soil Moisture
Content Monitoring using only Standard
Meteorological Observation (A. Stollar,
COs. Tiringer, K. Lambert and Z. Dunkel)

— Determination of Water Balance Com-
ponents on the Basis of Climatic Data (Z.
Varga— Haszonits, K. Lambert, L. Tolgyesi
and A. Bussay)

— Advantages and Limitations in Soil
Moisture Measurement and in the Simula-
tion of the Water Balance in Agricultural
Water Management (Z. Gdspdr)

— The Study of the Moisture Dyna-
mism of different Soil Moisture Regulation
Treatments (7I'. T'6th and A. Karuczka)

— The Limiting Parameters and Re-
duction Coefficients for the Components
of the Equation of Soil Water Balance
(S. Galka)

— Water Balance for Irrigation Sched-
uling: Development. Test and Imple-
mentation in the Framework of a Regional
Agrometeorological Service (D. De Falcis,
V. Marletto and F. Zinoni, Italy)

— SOILWAT Computer Consultancy
Model for Irrigation (iS. Szaléky, L. Szbke-
Molndr and Z. Almdsi)

Az utols6 szekeibba tartoztak az egyéb
vizsgdlatok: METEOROLOGICAL STU-
DIES CONNECTED WITH THE SOIL
MOISTURE PROBLEM.

Az ide sorolt el6adésok :

— Verification of an Evapo-Transpira-
tion Model Using Neutron Probes (M.
Meron, M. Fuchs, R. Halel and R. Feuer,
1srael)

— Using of Microprocessor Systems in
Operational Agrometeorological Data As-
similation (G. Georgiev, Bulgaria)

— Influence of the Hilly Relief on the
Water Regime, the Water Consumption
and the Moisture of the Grape Vine (§.
Stoychev, Bulgaria)

— The Influence of Winter Snow
Cover’s Change on Start Soil Moisture Con-
tent of Vegetation Period in Hungary.
A Climatological Examination (L. T'ékei
and Zs. Flachner)

— Examination of Long Term Hypo-
thetic Soil Moil Content in Hungary (Z.
Dunkel and Cs. Tiringer)

— The Role of Soil Moisture in the
Plant Growth Models (M. Hunkar)

Az elbadésokat a szemindrium elsé két
napjén a DATE Féiskolai Kara tandcskozd
termében tartottuk meg. A harmadik na-
pon mfiszerbemutatéra keriilt sor a Szarva-
si Agrometeorolégiai Obszervatériumban.
A bemutatén megtekintettitk az MTA Ta-
lajtani és Agrokémiai Intézete , TAKI”
mozg6 mérblaboratériumét, ami a talaj-
nedvesség mérés mellett szdmos kémiai
és novénytani elemzés végrehajtédsét és ki-
értékelését teszi lehetévé a helyszinen. A
BME Mikrohulldémt Tanszéke az éltaluk
konstrudlt, s repiilégépr6l méré mikro-
hulldmu késziilékét mutatta be. I{ét kony-
ny{i hordozhat6é mfiszerrel ismertetett meg
a Laboratériumi Mfiszergydr Rt. Ezek a
miiszerek hamarosan kaphaték lesznek, s
mind a kezelésiik, mind az druk alkalmas-
sd teszi ¢ket akér a kisebb gazdasdgok-
ban val6 felhaszndldsra. Az Ontozési Ku-
tatd Intézet szdnt6foldi vizadagolot dlli-
tott ki. A XKeszthelyi Agrdartudoményi
Egyetem egy izraeli, mig az OMSZ egy
bolgér izotépos talajnedvesség-mérét mu-
tatott be. A bemutaté napjan a helyi in-
tézetek, Ontozési Kutaté Intézet, DATE
Féiskolai Kar, szép szdmu érdekl6d6 mun-
katérsa mellett a Bajai Viziigyi Féiskola
10 hallgatéja is megjelent. A megjelen-
tek és a rendezék nagy megelégedésére,
ragyog6 idében keriilt sor a miiszerbemu-
tatéra. Az eléaddsok anyagdt 1991 elején
kiilon kotetben kivédnjuk megjelentetni.

Dunkel Z
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EMLEKULES DR. SCHENZL GUTDO HALALANAK 100. EVFORDULGJA
ALKALMABOL

1990. oktéber 2-dikdn és 3-dikdn, dr.
Schenzl Guido halédlénak szdzadik évfor-
duléja alkalmébdl az Orszdgos Meteorold-
giai Szolgédlat, az Osztrdk Meteorolégiai
Intézet, valamint a Magyar ¢és Osztrék
Meteorolégiai Tarsasdgok kozos megem-
lékezést tartottak a Ferté t6 melletti Rust
vérosban, valamint a stdjerorszdgi Ad-
mondtban.

Dr. Schenzl Guido a Meteoroldgiai és
Folddelejességi Magyar Kirdlyi Kozponti
Intézetnek elsé igazgatéja volt. Idegen
foldon, a fels§-stajerorszagi Hauz kozség-
ben sziiletett 1823. szeptember 28-dikén.
Orvosnak késziilt, de mivel a grazi egye-

1854-ben egy ondll6é redliskola feldllité-
sdt tervezi a varos, igazgatéjdul Schenzlt
kérik fel, akit 1855-ben ki is neveznek. Jé
bardtségba keriilt Kruspér Istvannal es
kivdl6éan megtanult magyarul. Rovidesen
a Magyar Foldtani Téarsasdg levelez6 tag-
java valasztja. Mar az iskola épitésekor —
a Toldy Ferenc utcdban — gondolt egy
idgjardsi megfigyelésekre alkalmas helység
Kialakitdsdra, igy a redliskoldban mér
1861-t6l rendszeres meteorologiai és fold-
magnességi megfigyelések folytak és csak-
nem minden id§jardsi elemet megfigyeltek
és regisztraltak. Rovidesen e redliskola
obszervatériuma Akadémiai Eszleldévé fej-

1. abra. Az emlékiilés hallgatésdga Rustban a Seehofban

temnek nem volt orvosi kara, ezért a filo-
z6fiai fakultdsra jelentkezett, majd rovi-
desen az admonti bencés monostor noviei-
usa lett. Itt minden idejét a természettu-
domédnyok tanulményozasdnak szentelte.
Mivel a monostorban jél felszerelt meteo-
rolégiai dlloméds miikodott, médjaban &llt
rendszeres idojardasi megfigyeléseket is
végeznie, valamint éghajlati kutatdsokkal
foglalkoznia. 1846. oktéberében pappé
szentelték, do mivel a tandri pélya irént
érzett hivatdst, ezért az apat a grazi egye-
temre kiildte. 1850-ben matematika-fiziké-
b6l és boleseletb6l doktoralt, 1851-ben
Béesben dllamvizsgét tett, majd tandrként
Marburgba keriilt. A budai fégimnézium
megiiresedett természettudoményi tanszé-
két ajanlotték fel neki, amit 6 nehéz sziv-
vel, de elfogadott.

16dott, a megfigyelési adatokat azonban
a béesi K.u.K. Akademie der Wissenschaft,
majd a Zentralanstalt kapta meg és dolgoz-
ta fel. Ekkor még 6ndllé magyar meteoro-
légiai intézetrdl sz6 sem lehetett, mivel az
1848-as fellendiilést kovets abszolutizimus
derékba tort minden kezdeményezést, ami
az 0nallé magyar élet kibontakozdsat se-
gitette volna. Mindezek ellenére ez az Aka-
démiai Eszlelde volt a késébbi Magyar
Meteorolégiai Intézet bolesbje.

Schenzl a kiegyezés el6tt nehéz helyzetbe
keriilt. Az osztrék hivatalnokok szemére
vetették, hogy tul sokat tett a magyaro-
kért, mig a magyar szélséségesek nem tud-
tdkk megbocsdtani osztrék szédrmazdsdt.
Ekkor komolyan gondolta, hogy visszatér
hazéjdba, de bard Hotvos Jézsef kérésére,
akinek Schenzl nagy tisztel6je volt, végul
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s maradt. 1867. janudrjéban — ekkor 44
éves — a Magyar Tudomédnyos Akadémia
levelez6 tagja lett és bevélasztottak a Ter-
mészettudomédnyi Bizottsdgba.

Ekkor meriilt fel az 6néllé magyar me-
teorolégiai intézet feldllitdsdnak gondolata.
Eotvos Jézsef kultuszminiszter a Kkirdly
elé terjesztette az Alkadémia javaslatdt,
aki azt jévahagyta. Bar az elsé szervezeti
S/abalyzat 1869-ben elkészult, a megval6-
sftds még sok nehézségbe utkozott, mig
végre I. Ferenc Jozsef, 1870. julius 12-dikén
szentesitette a Magyar Meteorologiai és
Folddelejességi Intézet létesitését és igaz-
gatéjanak dr. Schenzl Guidot nevezte ki.
Az intézet szervezése sok nehézségbe titko-
zott. Csak 1870 végén sikeriilt a védrban,
az aun. Hoffhauser héz elsé emeletén hdrom
szobét bérelni. Schenzl egy nagyobb 1ét-

1886-ban megkapta a ITT. oszt. Vaskorona
rendet és Szentszéki tandesos lett. Levelezd
tagja volt az Osztrdk Meteorologiai Térsa-
sdgnak, a Magyar Foldrajzi Tarsasdgnak
és a Magyar Természettudoményi Térsa-
sédgnak.

1886-ban az admonti képtalan visszaren-
deli a sulyosan megbetegedett apét mellé
adminisztrdtornak. Nagyon nehéz szivvel
hagyta el hazénkat, amelyet igen megsze-
retett. Tédvozdsekor a magyar tudés korck
dszinte sajndlatuknak adtak hangot. 1890-
ben, még az apét életében, papai engedély-
lyel, admonti apéttd szentelték. Ezt a na-
gyon magas kitiintetést sajnos nem sokdig
élvezhette, mert még ugyanebben az évben,
1890. november 25-dikén Grazban meg-
halt. Az apéatsdagi fétemplom kriptédjaban
helyezték orok nyugalomra. Temetésén az

2. abra. A monostor temploma,

8z4mu — sajat épiiletben lev6 — intézetrol
4lmodott, ez azonban még sokdig varatott
magéra. Schenzl mér 1870-ben 42 észleld
allomést szervezett és 1871-ben kiadta
az els6 KEvkonyvet, amely két nyelven
(magyar es német) jelent meg. Az intézeti
1étszam ekkor mindéssze hdrom f6 volt;
az igazgato, egy obszervator és egy segéd.

Schenzl 16 évig vezette a Meteorologiai
és Folddelejességi Intézetnek az egész or-
szagra kiterjed6 munkéjat. Kozben étkol-
tozott a Lovas-tuton levé Noviék-féle villé-
ba. Szdmos kitiintetésben részesiilt; 1871-
ben a Société Impériale des Naturalistes de
Moscou, majd 1876-ban a Magyar Tudo-
ményos Akadémia rendes tagja lett.
Ugyanebben az évben az Akadémia Nagy-
dijdval tiintették ki. 1880-ban az Astrono-
mische Gesellschaft tagjavéd vélasztotta.

Orszégos Meteoroldgiai és Foldmédgnességi
Intézet is képviseltette magdt.

A magyaros érzelm{i, de monostoréhoz
mindig h{i tudés kivélé személyiség volt,
és a magyar iskolauigy és a természettu-
doményos kutatéds terén nemzetkozi elis-
merést és megbecsiilést szerzett hazénk-
nak. A magyar meteorolégusok intézetiik
elsé igazgatojat is tisztelhették benne.
Nem véletlen tehat, hogy haldlénak cen-
tendriumdt mind a magyar, mind az oszt-
rdk meteorolégusok méltéképpen kivantdk
megiinnepelni.

Az iinnepélyes megemlékezésre (1. dbra)
elészor Rust szabad kirdlyi vérosénak
egyik nagymulta épiiletében, a Seehofban
keriilt sor. Prof. v.f] Steinhauser, az Oszt-
rdk Meteorolégiai és Geodinamikai Inté-
zet igazgatéjanak bevezets szaval utdn
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dr. Neuwirth. az Osztrdk Meteorolégiai
Térsasdg nevében iidviézolte a jelenlévéket,
kibangsilyozva az osztrdk-magyar egytitt-
miikodés jelentéségét és azt, hogy az iinnepi
ulést egyiitt rendezhettiik meg. Ezt kovette
dr. Zdch Alfréd megemlékezése dr. Schenzl
Guidorél, a Magyar Meteorologiai Intézet
elss igazgatdjardl, a késébbi admonti apdt-
r6l. Eletrajzat és munkédssdgdt ismertetve
kitért a tudds, a nagyszerii szervez mind-
azon tevékenységére, amellyel elésegitette
hazénkban a természettudoményok o6ndllé
kibontakozdsdt. Megemlitette mindazon
nehézségeket, amelyekkel Schenzlnek szem-
be kellett néznie, hogy egy 6néllé meteoro-
légiai intézetet létesithessen, hiszen az
1870-es években ilyen csak Pdrizsban,
Londonban, Szentpétervarott és Béesben
létezett. Dr. Zdch befejezésiil idézte Schenzl
szavait, amelyek hiven tiikrozik jellemét és
a magyarokhoz vald viszonyét: ,,Mindezt
azért tettem, hogy a magyar nemzet irdnt
érzett hdldmnak és tiszteletemnek kife-
jezést adjak”.

Ezt kovetben beszamoldk hangzottak el
az osztrédk-magyar tudoményos és techni-
kai egytittm(ikodés eredményeirdl és ter-
veir6l. Dobesch-Kozma szerzépédros a Fertd
t6 klimatol6gidjdt ismertette, kiomelve
azokat a kiilonleges hatdsokat, amelyeket
a t0 okoz a kozvetlen kornyezetben. Nem
véletlen tehat az igen elterjedt szdlémii-
velés a t6 kornyékén. Vissy Kdroly és N.
Felkel a rovid- és kozéptiava elbrejelzés
mbdszereirl és az elért eredményekrol
szémoltak be, kitérve azokra az egyiittinf(i-
kodési teriiletekre, ahol még némi hidnyos-
sédgok mutatkoznak. Végil 0. Svabik és
E. Wirth a jégesGelharitdssal 6sszefiiggd
kozos vizsgdlatok eredményeirdl és nehéz-
ségeirdl szamoltak be.

Az el6adésok uténi hozzészbéldsok keretc-
ben a jelenlévik a technikai egytittmi{iko-
déssel kapesolatos kérdéseket vitattak meg,
kiilonos tekintettel az adateserére, a radar-
informéci6 cseréjére és a tdvkozlési rend-
szer jobb kihasznélhatésdgéara. Végul dr.
Newwirth a két orszdg jovobeni egytittmii-
kodésének tovébbi lehetéségeit ismertette,
megemlitve az osztrdk parlament dltal
nyujtott tdmogatést, osztondijakat a ke-
let-kozépeurdpai orszdgok részére, ahol
az atalakuldsok a meteorolégia és a hidro-
légia teriiletén is jelentkeznek. Emlitést
tett még a Magyar és az Osztrak Meteorolé-
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giai Tdrsasdgok tovdbbi kozos egyiittmfi-
kidésérél is.

Az tnnepélyes hangulatban lezajlott
iilés utdn a Seehof édon boltivei alatt
svédasztal vdrta a megjelenteket, igy al-
kalom nyilt a kotetlen, bardti megbeszé-
lésekre is. A résztvevlk egy része rovid
vérosnézés utdn visszatért Budapestre,
mig a mésik része utnak indult az Enns
volgyében fekvé Admontba.

Admontot mar 859-ben emliti az irds és
az 1074-ben alapitott monostor Ausztria
egyik logjelentésebb apédtsdga. A monos-
tor templomdban tartotta meg médsnap
reggel Benedikt Schlonicher admonti féapét
az innepélyes koncelebrélt szentmisét,
amelynek keretében Schenzl Guido volt
apatrdl is megemlékezett. Mivel Schenzl
a templom kriptdjdban nyugszik, az Or-
szdgos Meteoroldgiai Szolgdlat és a Magyar
Meteorologiai Téarsasédg, az ELTE Mete-
orolégiai Tanszék, valamint a Toldy Fe-
renc redliskola kiildéttei a sfrhely feletti
oltdron helyezték el a kegyolet koszoruit
(2. dbra). Az admonti perjel, P. Bruno
Hubl emlékezett meg Schenzl életutjérol,
majd dr. Zdach Alfréd mondott néhény sz6t
a 3b évig Magyarorszagon tevékenykedd
néhai admonti apétrél.

A szives vendéglatds utdn a perjel is-
mertette a monostor torténetét, amelyet
(Gebhard salzburgi érsek alapftott, majd az
itt talédlhatd, napjainkra igen modernné
fejl6dé iskoldban folyé oktatésrol szoélt
néhdny szét. Ezt kovetden a jelenlévik
Eurépa egyik legszebb barokk berendezésti
konyvtdrat tekinthetté¢k meg. A konyvtér
fresk6i Altomonte alkotdsai, szobrait és
dombormfiveit Th. Stammel készitette a
XVIII. szézad kozepén. Az 1865-ben pusz-
tité tlizvészben a konyvtar, amelyben
120 000 kotet konyvet, 800 O&snyomtat-
vényt és 1100 régi kéziratot &riztek, sze-
rencsére megmenekiilt. A konyvtéron kiviil
még megtekintették a természettudoményi
muzeumot is, amelynek egyediildllé érde-
kessége a 300 000 rovart tartalmazé gyfij-
temény.

Az emlékiilés mélté volt a Meteoroldgiai
Intézet elsé igazgatdja irédnti megbecsiilés
kifejezéséhez és j6 példdja volt annak az
egyuttmiikodésnek, amely a magyar és az
osztrdak meteorolbgiai szakemberek kozott
kialakult.

Hallamdné Lépp Ildiké

MAGYAR

AKADEMIA

KOMYVTARA



SZERZOINK FIGYELMEBE

Az IDOJARAS célja az elméleti és alkal-
mazott meteoroldgia térgykorébe tartozd
tanulmdnyok publikédldsa. A tanulményok
4j kutatdsi eredményeket tartalmazé be-
szédmolék, illetve adott szakteriilet idészer(
kérdéseit dsszefoglalé kritikai szemlecikkek
lehetnek. A kozlés nyelve: magyar vagy
angol. A kettes sortdvolsdggal gépelt
kéziratok két példényban kiildendék be
a kdvetkezb cfmre: Idgjaras SzerkesztGsége
1525 Budapest, Pf. 38.

A kéziratokat a szerkeszté bizottsdg lek-
tordltatja. A lektor nevét a szerzével nem
koézoljlik. A kéziratnak a kovetkezd formai
igényeket kell kielégitenie:

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

Osszefoglalis: Kiilon oldalakon, magyar
és angol nyelven, tartalmazza a kutatds
eéljit, mbdszerét és a kapott eredményeket.

Szovegrész: Alcimekkel értelemszer(ien
fejezetekre tagolandé.

Irodalmi hivatkozdsok: Szovegben a hi-
vatkozds tartalmazza a szerzé(k) nevét
alédhazva és a publikélds évét. Pl. egyetlen
szerzd esetén : Rona (1909), vagy ha a szerzé
neve a szovegbe nem illesztheté be: (K2éna,
1909); két szerzd esetén: Gamow és Cle-
veland (1973); tobb szerzd esetén: Bacsé
et al., (1953). Ha adott szerz6k ugyanazon
évben publikélt tobb cikkére hivatkozunk,
akkor az évszdamhoz a, b stb. betiiket frunk.
Az irodalom felsoroldsa a cikk végén a
szerz6(k) neve szerinti betfirendben tor-
ténik. Folydirat esetén: szerzi(k) neve,
évszdm, a cikk cfme, a folyéirat neve, ko-
tetszdm, kezdd és befejezé oldalszdm. Pl.:
Dési, F., 19565: A meteorolégiai kutatds
idészer(i kérdései. Idéjards 57, 65—70.
Koényv esetén: Szerzf(k) neve, évszdm,
kényvefm, kiad6, megjclenés helye. Pl
Junge, C. B.,1963: Air Chemistry and Ra-
dioactivity. Academic Press, New York
and London.

Abrak: A kézirat elsé példdnyédhoz az
dbrédkat pausz- vagy mm-papiron, a méso-
dikhoz az eredeti ébrék madsolatdat kell
csatolni. Az dbrdk aldirdsait kiilon lapon
kell mellékelni. Fényképek fekete-fehér
szfnben, fényes, kontrasztos minéségben
nytjthaték be.

Tabldzatok: A téblézatokat szdmozés-
sal, szovegiikkel egyiitt, kiilon lapon kell
mellékelni.

Matematikai formuldk és jelolések: A
nem latin bet(iket és kézzel frott jeleket
a margén ceruzdaval {rt magyardzattal kell
elldtni.

A szerz6k megjelent tanulményukért
tiszteletd{jat és téritésmentesen 30 db kii-
lénlenyomatot kapnak. Tébb kiilonlenyo-
mat a szerzb koltségére a kézirat elkiildé-
sével egyidej(ileg rendelhetd.

NOTES TO THE AUTHORS

The purpose of IDOJARAS is to publish
papersin the field of theoretical and applied
meteorology. These may be reports on
new results of scientific investigations or
critical review articles summarizing current
probiems in certain subject. Authors may
be of any nationality but papers are pub-
lished only in Hungarian or English. Two
copies of the manuscripts, typed with
double space, should be sent to the Editorial
Office of IdGjardas. Address: Budapest, P. O.
B. 38. H-1525, Hungary.

Papers will be subjected to constructive
criticism by unidentified referees.

The manuscript should meet the follo-
wing formal requirements:

Title: Should contain the title of the
paper, the name(s) of the author(s) with
indication of the name and address of em-
ployment.

Abstract: Should contain the aim, me-
thod and conclusions of the scientific in-
vestigation on a separate page.

References: The text citation should
contain the name(s) of the author(s) un-
derlined and the year of publication. In
case of one author: Réna (1909), or of the
name of the author cannot be fitted into
the text: (Réna, 1909); in case of two
authors: Gamow and Cleveland (1973);
there are more than two authors: Bacsé
et al. (1953). When referring to several
papers published in the same year by the
same author, the year of publication should
be followed by letters, a, b etc. At the end
of the paper the list of refences should be
arranged alphabetically. For an article:
the name(s) of author(s), year, title of artic-
le, name of journal, volume number, pa-
ges. E. g. Dési, F'. 1955: Current problems
of meteorological research, Idéjdrds 57,
66—70. For a book: the name(s) of aut-
hor(s), year, title of book, publisher, place
of publication. E. g. Junge, C. K., 1963:
Air Chemistry and Radioactivity. Academic
Press, New York and London.

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

Tables: Should be marked by Roman
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
the manuscript.
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