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1. Introduction

Atmospheric precipitation is characterized-by a great temporal and.
spatial variability. Since their origin physical processes have been main-
ly influenced by circular and geographical factors instable in time and
space. A
In Central Europe, within the frame of circular factors, oceanic in-
fluences (e. g. mainly of the Atlantic ocean and the Mediterranean sea)
as well as continental influence (e. g. of the Eurasian continent) become
outstandingly evident. The location of the area under study including the
exposition conditions is most important among the geographical condi-
tions. Since the geographical factors can be considered practically cons-
tant in time, the main causes of the precipitation variation may be found
in the temporal variability of circular factors.

In climatological literature much attention has been paid to the stu-
dy of precipitation variations because they often have serious consequen-
ces on various spheres of human economic activity. The purpose of the-
se studies is a through analysis of this variation with the aim of obtaining
results helpful in long-term forecasts. Similarly, a number of papers deal
with precipitation variations in Central Europe, where the carried out
analyses refer as a rule to individual precipitation stations or territorial

“units (see list of literature).

The aim of the present paper is to analyse the year total of preci-
pitation variations in the area of Central Europe in the period of 1881—
1980.

2. Applied material and methods of compilation

The analysis of precipitation variations in Central Europe is partly
based on the year precipitation totals obtained from the precipitation
stations, partly on what is called spatial year precipitation mean in the
period of 1881—1980. The advantage of spatial means in comparison with
the data from the stations is presented by supressing local influences
on the precipitation regime (orographical conditions, convection effect),
which allows to state the main and determining characteristics of the pre-
cipitation regime. In this paper the calculated spatial means have been
used for the territory of Czechoslovakia (Bohemia and Slovakia), Poland
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and Hungary together with the data from stations in Vlenna Innsbruck
Berlin, Erfurt, Haniiover, Frankfurt ofi ' Main and Munich." .

For analyses of the precipitation series many various statistical
methods have been applied (see 11te1atule] The present paper descri-
bes the following ones:

— five year and eleven year movmg aver ages : ' ’
— double and twentyfold smoothmg of the series by biriomial coeffi-
cients
— harmonic analysis
— correlation and spectral analyses. -
These methods are to facilitate the analysis of the precipitation series
created by periodic and aperiodic components. From the point of view
of forecasting the value of a series, periodic components in the precipi-
tation series which' are not expressive or are depressed, are the most.
important. Therefore the study of the analyses of precipitation variations
of what is called quasi periodic fluctuations is of great significance. Ac-
cording to Drozdov, Grigorjeva (1971) these fluctuations differ slightly
from periodic fluctuations in relatively short time, but their amplitude
changes gradually together with the mean length of period, e. g. one
periodic fluctuation gradually changes in another. Quasi periodic compo-
nents change into aperiodic components durlng a suff1c1ently long pe-.
riod.

The whole cycle of fluctuations from quasi periodic to nearly aperio-
dic ones is specified as a cyclic variation. In climatology the Briickner's
cycle of temperature and precipitation variations has -been known for
over 20—50 years. Apart from the papers mentioned above, many other
authors have dealt with the study of the precipitation periodicity (Samaj,
Valovié&, Brazdil 1983, Toplijski 1981). There are cycles of various lengths.
yet the persisting problem remains, i. e. their physical explanation. Many
of them create part of what is called ,meteorological noise®, i. e. it is
necessary to verify also their statistical--significance.r The atmospheric
precipitation periodicity ought to be the résult of the process periodici-
ty of the general circulation of atmosphere treated of in paper Savina,
Chmelevskaja (1977).

3. Atmospheric preéipitation variatimi_ in Central Europe

‘31 Precipitation course in Cen'tr'al'Europe in the period -
- of 1881—1980

As it follows from Fig 1, the year precipitation totals can fluctuate
over a wide range in individual regions in Central Europe. Smoothing
the real values by the five and eleven year moving averages allows the
comparing and finding out of the main characteristics of the precipita-
tion course in-the period between 1881 -and 1980. Consequently, it can be
stated that in a year precipitation total course an analogical characteris.-
tics can be found throughout Central Europe, although the period of
a higher or Ilower precipitation differs by size or by certain
temporal shifts of these extremes in individual cases: 'On
the basis of the  course of values smoothed by = the
five year moving averages (Fig 1) the last decade of last century, the
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second decade of our century in the eastern part of Central Europe,
and the end of the Thirties and the middle of the Sixties may be inclu-
ded in periods of a higher precipitation. In the western part of the area
under study the most significant increase was also noticed in the Fifties.
As regards the period of the lowest year precipitation totals, it is neces-
sary to mention especially Frankfurt and Berlin where practically the
first forty years of the studied period were significant by a low below-
-average precipitation (in case of values smoothed by eleven year moving
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2. Year precipitation total course in Central Europe smoothed by eleven year moving
averages. Period 1881—1980.
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1. Course of year precipitation totals in Central Europe (column chart). Smoothed by
five year moving averages (broken line). Horizontal line — value of long-term mean.
Period 1881—1980. Macroprocess circulation marked in lower part of graph (expla-
nation in text].
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averages, Munich also gives a similar course of precipitation, Fig 2). It
other parts of Central Europe periods of lower precipitation alternate with
those of maximum precipitation. A more significant decrease was noti-
ced at the beginning of the Thirties and in the second half of the Forties
(in Poland at the beginning of the Fifties). The above-described characte-
ristics of the year precipitation total is projected in the precipitation
course illustrated by eleven year moving averages (Fig 2). Meanwhile
in Bohemia, Vienna, Hungary and Slovakia the precipitation maximum
in about 1940 was followed by below-average year precipitation totals,
German stations (as well as Innsbruck Austrla) give above average
totals. -

The smoothing of the analysed series by double binomial coeffi-
cients makes the above-described characteristics of precipitation during
the last 100 years more expressive. The twentyfold smoothing expresses
the development trend of the year totals (Fig 3). It is remarkable that
while the majority of German stations, Vienna and Hungary, show
a decrease in the year totals over the last 30—40 years, an increasing
tendency has been noticed in other analysed locations and territories
since the beginning of the Fifties Fig 3 shows that in the century under

be elxminated after mutual comparison of stations and regions.

732 Pel‘lOdlClty of year precipitation totals
in Central Europe

Fig 1 shows that the long-term course of the year precipitation
totals in Central Europe is partly conditioned by aperiodic components.
The method of harmonic analysis was applied in selecting periodic com-
ponents ini the temporal series for analysing the precipitation series. Tab-
le 1 shows a survey of the most important periods, i.e. of 4,3; 2,1; 5,0;
3,2; and 90 year length. At the same time, however, the greatest ampli-
tude of the periods mostly reaches only 5—8 % of the average values
in the given series. In a number of cases the statistically significant
cycles ascertained by methods of autocorrelation and spectral analyses,
mentioned in Tab 2, correspond to the stated periods. Among these cycles
the 4,3 year and 5 year cycles occur most often being of a similar length
(4 or 4,8 year). It is important to say that there exist 25—26 year
cycles, 13—16 year cycles and cycles lasting longer than 50 years. A wi-
de spectrum of found cycles proves the complex1ty of the studied pro-
blem.

4. Forecast of year precipitation totals in Central Europe

Lorig-term forecasts of the year atmospheric precipitation totals
represent a very tough problem to be solved. Worded forecasts are of
a rather hypothetic character and regularly describe the particular de-

N
>

3. Year precipitation total course in Central Europe: double smoothing by binomial
coefficients, twenty times smoothed by binomial coefficients (heavy lines). Course
of Wolf relative numbers (W}: 1 — twenty times smoothed .by binomial coefficients,
2 — double smoothing. Period 1881—1980.
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Tab 2

Lenght of statistically important cycles of year precipitation totals in Central Europe
according to autocorrelation and spectral analysis

Statipn, region Autocorrelation analysis Spectral analysis
Hahnover 39 4 42 60 55 4,3; 5,0

Frankfurt 8 168 4,3; 87—94

Erfurt 51 56 5 4,3; 4,7; 60—63

Berlin 59 25 39 4,0; 4,3; 4,8

Bohemia ‘ 64 | 26 42 55 40 5,0; 8,3; 13,5

Munich 42 25 13 4,3; 13,5—14; 15,5—16
I~nnsbruck 4 2 60 21 2,1; 4,3; 20,0; 29—30, 57A——60
Vienna 70 15 49 2,6; 3,5; 5,0

Hungary 14 60 25 4 69 55 | 3,7; 5; 13,5

Slovakia 14 21 25 67 3,5; 4,3; 4,8; 12,5; 32
Poland 87 48 4 55 58 51 |37

velopment trend for a definite time period, often in relation to some extra-
terrestrial influence. Most frequently it is the case of the changes of solar
activity expressed by the Wolf relative numbers of solar spot frequencies
(Itko, Samaj, Valovi¢ 1981, Samaj, Valovi¢ 1980, Samaj, Valovi&, Brézdil
1981b). In finding out a relationship between the precipitation and the
Wolf numbers, Samaj and Valovi& (1980) distinguished synchronic and
asynchronic cycles (synchronic — maximum or minimum of solar spots
— corresponds to a period of higher or lower precipitation; asynchro-
nic — vice versa). For instance, in Slovakia the synchronic cycle began
in the last years, demonstrated by a higher precipitation at the beginning
of the Eighties, and by a minimum precipitation in about the middle of
the Eighties (Samaj, Valovi&, Brézdil 1981b). But such relationships
may be found only thanks to the adaptation of the original temporal se-
ries by smoothing. That is why such a forecast indicates only the preci-
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pitation trend, yet cannot be used for a concrete year. An example of
comparison -of the precipitation course and Wolf relative numbers is
shown in Fig 3.

. Many studies have shown that the relatlonshlp between solar acti-
vity and the processes going on in the earth atmosphere is very compli-
cated. The study of the relationship of solar activity and precipi-
tation cannot give fully satisfactory results unless sufficient attention
is paid to the explanation of the physical substance in the above-men-
tioned relationship including the influence of atmospheric circulation.
Chapter 3.2 shows that precipitation cycles of a similar lenght as the So-
lar activity are not very expressive.

In- this situation, apart from.other methods of long-term forecast
(which has not brought any satisfactory results so far), a traditional
climatological method of forecasting presents values of corresponding
long-term mean totals of the year precipitation. It shows, however, that
a more qualitative. forecast can be achieved by equalizing the temporal
series.on.the basis of the main harmonic components and their extrapo-
lation to future. For instance, using 6 harmonic components, theoreti-
cal accuracy of the year precipitation total forecast for the next years
is by 22 % (Erfurt)- and by 31 % (Hungary) higher than- forecast by
value of long-term mean at the mean quadratic error of 9,3 % (Poland)
to 15,9 % (Frankfurt). The accuracy of this forecast increases by using
smoothed values. For instance, in Slovakia, the mean quadratic error
of forecast is-only 3,2 % -and the theoretical accuracy of forecast is by
about 66,8 %. higher by using five year moving averages (Samaj, Valovig,
Bréazdil 1983).

5. Conclusion

From the analyses of year precipitation total variations in the area
of Central Europe in the period of 1881—1980, it becomes evident that
the precipitation course has approximately the same character all over
the whole area..Differences. also show in the comparison of data from
individual stations and spatial means. If we exclude this fact, the main
characteristics of the precipitation regime could be explained by a va-
rious-extent and precipitation demonstration of particular groups of me--
teorological situations.
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Shrnutf
KOLISAN! ATMOSFERICKYCH SRAZEK VE STREDNI EVROPE V OBDOB! 1881—1980

Studium kolfsdni atmosférick§ch sraZek patfi v klimatologii mezi dileZité dkoly,
zejména s ohledem na dfsledky v nejrlizn&j§ich oblastech ekonomické aktivity Zlovka.
Velkd pozornost byla dosud v literatufe vé&novdna anal§ze kolfsdni srédZek ve st¥edo-
evropské oblasti, kde se srdZkovy reZim formuje v interakci cirkula&nich (vlivy Atlant-
ského ocednu a StFedozemnfho mofe, vlivy eurasijské pevniny) a geografickych (zej-
ména orografickych) faktord.

PredloZeny pfisp&vek vychéz{ z anal§zy rofnich dhrnd srdZek ve stfedni Evropé&
v obdobf 1881—1980. Analyza se opird jednak o tzv. prostorové priméry srdZek vypot&-
tené pro CSSR (Cechy a Slovensko), Madarsko a Polsko, jednak o tidaje stanic Hanno-
ver, Berlin, Erfurt, Frankfurt nad Mohanem, Mnichov, Innsbruck a Videfi. Zfskané sra%-
kové Fady jsou analyzovdny metodami p&tilet§ch a jedenéctiletych klouzavgch pramérd,
dvojndsobného a dvacetindsobného zhlazeni Fady pomoci binomick§ch koeficientd,
harmonickou, korela&ni a spektrdlni anal§zou.

V prbshu ro&nich dhrnd srd%ek v obdobf 1881—1980 ve stfedoevropské oblasti
1ze nalézt spoletné rysy, i kdyZ obdobf{ vy38ich resp. niZ¥ich srdZek se v jednotli-
vich p¥fpadech 1i3f velikostf, popf. i jistfm Zasovfm posunem t&chto extréml. V ng&-
ktergch p¥ipadech se projevuji rozdfly mezi zdpadnf a v§chodni polovinou studované ob-
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lasti (obr. 1, 2). Tyto rozdily jsou patrny i v tréndech v¢voje mnoZstvi srdZek, kdy
k z4padni polovin® stfedoevropské oblasti m& blizko i jeji jiZni &&st (obr.:3).

Metodou harmonické analyzy byly vydéleny pro st¥edoevropskou oblast nejvyznam-
n&j¥i periody v délce 4,3; 2,1; 5,0; 3,2 a 90 rokd, jejichZ amplitudy ovSem v relativnim
vyjédd¥eni dosahuji. pouze 5—8 % hodnoty .dlouhodobého primdru dané Fady. Z auto-
korela®ni “a’ spektrdlni analyzy vychaz! jako statisticky v§znamné cykly v délce 4,3 a 5
let, ddle pak 25—26, 13—16-let a cykly del3f neZ 50 let (tab. 1, 2). Zatimco n&které ze
z]1§tén9ch cyklid 1ze d4vat do souvislosti se zm&nami slune&nf akthty, jsou zfejmé ji-
né pro;evem autovariacl v-systému atmosféry a jeji cirkulace.

Velmi komplikovanou zéleZitost! je dlouhodobd predpoviéd roénich ﬁhrnﬁ sréZek
Znafn4 pozornost je vénovédna studiu vazby mezi Wolfovymi relativnimi &isly a mno2-
stvim’ sréZek, kter4, fak se ukazuje, ma oviem omezeny prognosticky v§znam. Pro Stie-
doevropskou oblast byla p¥edpov&d srdZek pro pFsti léta provedena s vyuZitim poznat-
ki harmonické analyzy pro 8 harmonickych sloZek. Ukazuje se, Ze tato pfedpovdd da-
vd v této oblasti teoreticky o 22—31 % lep3f vysledky ne¥ predpovéd hodnotou dlou-
hodobého praim&ru ro¢nich sréZek. P¥i -pouZiti zhlazenych hodnot teoreticka ptes-
nost této pi‘edpovédx roste dvojnasobné aZ trojndsobné.

[Address Slovensky hydrometeorologickg astau, Jeséniova 17 833 15 Bratislava }
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