
5 B 0 R N lK C E 5 K 05 LOVE N 5 K£ G E 0 G R A F~IC K £ ,5 POL E C N 05 T I 
Rol!nlk 1984 - Cislo 2- 5vazek 89 

FERDINAND SAMAI, SIMON VALOVIC, RUDOLF BRAzDIL 

ATMOSPHERIC PRECIPITATION VARIATION 
IN CENTRAL EUROPE IN PERIOD OF 1881-1980 

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. 

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 J. 

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 Vienna, Innsbruck, 
Ber Uri,Erftirt;-Hii nIiover ,Franl(fUttoiCMalti -and MunIch. 

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

five year and eleven year moving averages 
double and twentyfold smoothing of the series by 'binomial coeffi, 
cients 

harmonic analysis 
correlation and spectral analyses. 

These methods are to facilitate the analysis of the precipitation serie.s 
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 depresl?ed, 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 ~lightly 
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 during a sufficiently 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 Brtickner~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 (Saniaj, 
Valovic, Brazdil 1983, TopUjski 1981). There are cycles of various lengths. 
yet the persisting problem remains, 1. e.their physical explanation. Many 
of them create part of what is called "meteorological noise", 1. e. it is 
necessary to verify also their statistical· 'signlficance. The atmospherJc. 
precipitation periodicity ought to be the result of the 'processperiodici­
ty of the general circulation of atmosphere treated of in paper Savtna, 
Chmelevskaja (1977) . 

. 3. Atmospheric precipitation variation in Central Europe 

3.1 Pre c i pit a t ion C 0 U r s e inC e n t r a lEu r 0 p e i nth e per i 0 d ,. 
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 ):980. Conse-quently, 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 lower precipitation differs by size or by certain 
tempora.l 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
de'd in periods of a higher precipitation. In the western part of t.he 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, 

~,----------------------------------------------------------
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
na tion in text) . 
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averages, Munich also gives a similar course of precipitation, Fig 2 ). hi 
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, Austria) 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 
study temporal sections with higher Qr lower degree of agreement can 
be_ eliminated after mutual comparison of stations and regions. 

--- --"3.2 Per i 0 d i cit Y 0 f yea r pre c i pit a t ion tot a I s 
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
ponentsinthe tempm<al series fot' analysing the precipitation sertes. 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 complexity of the studied pro­
blem. 

4. Forecast of year precipitation totals in Central Europe 

Long-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-

3. Year precipitation total course in Central Europe: double smoothing by binomial 
coefficients, twenty times smoothed by binomial coefficients (heavy Jines). 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 

Station, region I Autocorrelation analysis 

Hannover 3~ 4 I 42 60 I 55 

Spectral analysis 

4,3; 5,0 

I_F_r_a_nk_f_u_rt ____ ~-8~--1-6-:I-____ 1----~1--__ 11----+_4-,3-;-8-7---9-4--------------1 

56 I 5 I Erfurt 51 4,3; 4,7; 60-63 

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

I-------t-----I·---I---- --~--------------I 
Bohemia 64 I 26 42 55 40 5,0; 8,3; 13,5 

I_M_u_n_i_ch ___ ---11--4_2 __ 1:. _25_~ __ , ____ ~--4,-3-; _13_,5_-_14_;_1_5_,5._-_1_6 ____ 
1 

lnnsbruck 4 2 60 21 2,1; 4,3; 20,0; 29-30, 57-60 

I_V_l_en_n_a ___ 1_70_:_1_5_ 49 __ I __ --1_2_,6_;_3_,5_;_5_,0 ________ 
1 

14 I 60 25 ~ 55 3,7; 5; 13,5 Hungary 

I-S-l-ov-a-k-ia---I--14-:-2-1- 25 ~I-.,.-, ,'1---1-3-,5-; -4-,3-; -4,-8;-1-2-,5-; -32----1 

Poland 67 48 4 55 I 58 51 3,7 

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 
[Hko, Samaj, Valovil: 1981, Samaj, Valovil: 1980, Samaj, Valovll:, Brazdll 
1981b). In finding out a relationship between the precipitatIon and the 
Wolf numbers, Samaj and Valovil: [1980) distinguished synchronic and 
asynchronic cycles [synchronic - maximum or minimum of solar spots 
-- corresponds to a period of higher or lower precipitation; asynchro­
nlc - 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, Valovil:, Br6Zdil1981b). 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 relationship 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, Valovii:, 
BrAzdil 1983). 

5. Conclusion 
~'. ' .. 

From rh.e 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 arear·- 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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Shrnut( 

KOLIsANI ATMOSFf:RICKYCH SRAZEK VE STREDNI EVROpE V OBDDBI 1881-1980 

Studlum koHsAn! atmosferickfch srallek pam v klimatologii mezi diHelllte 11koly, 
zejm6na s ohledem na do.sledky v nejro.zn~jil(ch oblastech ekonomlck~ aktlvlty l!lovAka. 
Velk6 pozornost byla dosud v literatul'e v1\novAna analfze ko!fs6ni srAfek ve stl'edo­
evropsk6 oblasti, kde se srAllkovf rellim formuje v interakci cirkulal!n!ch (vUvy Atlant­
sk6ho oce6nu a Stl'edozemnfho mol'e, vllvy eurasijsk6 pevniny) a geografickfch (zej­
m6na orografickfch) faktoro.. 

Pl'edl<Jllenf pl'fsp~vek vych6zl z analfzy rocn!ch 11brnfi sr6llek ve stl'ed·nf Evrop1\ 
v obdobl 1881-1980. Analfza se oplr6 jednak 0 tzv. prostorove prQm~ry srAllek vypol!­
ten6 .pro CSSR (Cechy a Siovensko), Madarsko a Polsko, jednak 0 11daje stanic Hanno­
ver, Berlin, Erfurt, Frankfurt nad Mohanem, Mnlchov. Innsbruck a V[deii. Ziskan6 srU­
kov6 l'ady jsou analyzovAny metodaml p1\tiletfch a jedenAct!letfch klouzavych prt'lm~rO:, 
dvojn6sobn6ho a dvacetlnAsobneho zhlazen[ l'ady pomocl binomickfcb koeficientt'l, 
harmouickou, korelal!nl a spektrAlnl analfzou. 

V prdbAhu ro1!n[ch11hrnQ srUek v obdob( 1881-1980 ve stl'edoevropsk6 oblasti 
lze nalt1zt spolel!n~ rysy, i kdyf obdobf vyilil[ch resp. nl!!(ch sr6!ek se v jednotU­
vfch pi'fpadech li§f velikosU. popi'. 1 jlstfm l!asovfm posunem tAchto extr~mo.. V nA­
kterfch pl'[padech se projevuj[ rozdny mezi z6padn( a vfcbodnl polovinou studovan6 ob-
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lasti (obr. 1, 2). Tyto rozdily jsou patrny i v trendech v9voje mno~stv! srUek, kdy 
k zapadni polovine stl'edoevropskil oblasti mA bUzko i jej! ji~n! Mst (obr. 3). 

Metodou harmonlcM anal9zy by I}" vydeleny pro stl'edoevropskou oblast nejv9znam­
nejs! periody v deIce 4,3; 2,1; 5,0; 3,2 a 90 rokfi, jejlch~ amplitudy ov!iem v .relativnlm 
vyjAdi'eni dosahujipouze 5-8' % hodnoty ·dlouhodoMho prfimeru dane l'ady. Z auto­
korela~nCa' spektralni anal9zy' vyc'hazt jako staUsUcky v9znamnil cykly v deIce 4,3 a 5 
let, dale pak 25-26, 13-16 let a cykly dels! ne~ 50 let (tab. 1, 2). ZaUmco nektere ze 
zji!iten9ch cyklfi Ize davat do souvislbsti se zinenami sll1nei:n! aktivity, j80u zl'ejme ji-
n~projevem autovariaci v systemu atmosfery a jej!Cirkulace. ' . , 

. Velmi kornplikovanou zale~itosH je dlouhodoM pl'edpoved roi:nich I1hrml sraZek. 
Znacna pozornost je venovana studiu vazby mezi Wolfov9mi relaUvnlmi I!isly a mnoZ­
stvlm sra~ek, kterl1, lak se ukazuje, ml1 ovsem omezen9 prognostlckf v9znam. Pro stl'e­
doevropskou oblast byla predpo\led sra~ek pro prist( leta pravedena s vyuZitim poznat­
kfi harmonickil anal9zy pro 6 harmonickych slo~ek. Ukazuje se, Ze tato predpovM' da­
va v teto oblasti teoreticky 0 22-31 % lepsl vysledky neZ pl.'edpoved hodnotou dlou­
hodoMho prfimeru roi:n!ch sraZek. Pri pouZiU zhlazen9ch 'hodnot teoreticka pl'es­
nost teto pi'edpovedi roste dvojnasobne aZ trojnasobne. 

{Acldress: Sloiiensky hydrometeorologlckY. ustav, Tes~nlova 17, B33 15 Bratislava.} 
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