R FA 1Y

ACTA ‘UNIVERSITATIS SZEGEDIENSIS

PARS CLIMATOLOGICA SCIENTIARUM NATURALIUM

CURAT: G.KOPPANY

ACTA CLIMATOLOGICA

FASC. 1—4

" SZEGED (HUNGARIA)

1989.






ACTA UNIVERSITATIS SZEGEDIENSIS

"PARS CLIMATOLOGICA SCIENTIARUM NATURALIUM

CURAT: G.KOPPANY

ACTA CLIMATOLOGICA

TOMUS XXI-XXIII.

FASC. 1—4

SZEGED (HUNGARIA)

-1989.






THE VARIABILITY OF THE TEMPERATURE AND THE WIND DIRECTION
AT SZEGED IN VARIOUS LARGE SCALE PATTERN

by

G. Koppany and A. Kiss

A hovérséklet &s a szélirdny vdltozékonysdga Szegeden kQ1BnbB20 wakroszineptikus helyzetekben, @
szerzfk Sieged 20 évi adatsorat (1961-1900) felhaszndlva megvizspdltdk a napi hBmérsélieti anondlisk és a
napi maxindlis szellBhdsek irdnyinak eloszldsdt 8 Péczely-féle, valamint az Awbrozy-Bartholy-Gulyss-téle
(ABG) makroszinoptibus tipusok szerint rendezett részhalmazokban. Heghatdroztik a napi h8asrsékleti anond-
tidk szérdsde es Shannon-entrépiaidt a teljes populdcidra, tovabbi az emlitett Mpusek részhaleazaira. A
napi maxisdlis szélldkesek iranyainak Shannon-entrdpidjdt hasonlo mddon kiszdmitoitak. Valameonyi feldolgo-
2dst @ négy evszakra kllln végezték el; a kapott statiszbikai eredményeket az I-¥II[. tdblazatox fdglaljdk
ssze. Az ABG-tipusok szerint rendezett relativ gyakorisdgokat az 1-B. dbrdk mutatjdk be. Az eredmények
-szerint a tipusol: tdbbségében eindkét -osztdlynzds csbkkenti a napi adatok szdrdsdt ill. entrdpidjit. Az
entrdpia, cskkendse a Péczely-tipusok esetén valamivel kifejezettebb.

The authers in\;estlgated the frequency distributions of the daily temerature anomalies and of the
direction of the daily maximum qust in the subsets arranged according to. the large-scale circulation types
classified by Péczely, as well as Awbrézy-Barithely and Gulyds (ABG) using a 20-year daia series (1961-1980)
of Szeqed, The standard deviations and Shannon entropies of the daily temperature anomalies were calculated
for the total population and for the subsets of the above mentioned large .scale' types. The Shannon
entropies of the directions of the daily maximum gusts were determined in the sase way. All calculations
for the four seasons were made szparately, and the results obtained are auemarized in Tables I-VIII. The
relative frequencies of the temperature and the wind directions in different ABS types are shown in Figs.
1-8. It was found that in the majority of the types both classifications deminish the standarddeviations,
as well as Shannon entropies of the daily data. The decrease of entropy is a little more expressed in the
case of Péczely types. :

introduction

Attempts at classing circulation processes among types of a finite
number have been made in a number of countries. These classings have been
realised for diverse space scales, from the synoptic scale to the . hemi-
spheric scale. HALAB has. taken for this basis the current and pressure
conditions predominating above the British leles (GIRS and KONDRATOVICH, 1978,p.
294). P, HESS and H, BREZOWSKY's (1993) circulation classification is orientated
to Central Europe. B..L. DZERDZEJEWSKY has classified hemispheric circulation on
the basis of -the Arctic cold outbreaks (GIRS and KGHDRATGVICH, 1878, pp. 6&4-67).
Especially known has become 6.Y. VAMIGERHEIN s classification, which has classed
the circulation of the whole hemisphere among nme main types {GIRS, 1974;
GIRS and KONDRATOVICH, 1978, 99. &7-Bi).

Though these classifications defined the individual patterns as types
of finite number, the classifications have been realised on the basis of
subjective decisions. For that very reason, a number of researches have
‘striven to characterize circulation, producing ‘an infinity of transitions,
by numerical parameters. The various circulation 'indexes proved to be means
suitable for this. J. NAMIAS (1947) defined indexes for characterizing the
zonal circulation of the WNorthern Hemisphere, namely for 3 zones of
latitude separately, on the basis of the pressure data measured on sea
level and at an altitude of 3 km. It is also for measuring the intensity of
zonal circulation that E.K, BLINOVA has worked aut an index (GIRS and KOKDRATOVICH,
1978, pp. 87-88J), while it is Al. KATS who has combined the indexes of
meridional and zonal circulations (KDPPARY, 198B6. p.113). :



A classification ‘orientated to Hungary was done by 6. PECZELY (1956,
1957a, 1937b), and 13 types were differentiated by him. He extended the
catalogue of the types established for the individual days to the years
1881-1983 (PEC2ELY, 1983). As in the cases of similar classifications usu-
ally, the claim of the objective, that is numerical definition has come up
in relation to Péczely types, too. By the help of cluster analysis
P. AMBROZY, J. BARTHOLY and 0. GULYAS (1984) have worked out a classification
depending on the season. For the individual seasons they have defined types
of different numbers: for winter 17, for spring 19, for summer 8, and for
avtumn 15 types. While sea level pressure distribution that PECZELY’'s clas-—
sification takes for its basis, and it is a smaller area (about 35-65° N,
10°W-40=E) that he takes into consideration, the ABG classification uses
the field of the 500 mb level in a larger area (30-65°N, 40°W-S50=E), which
spreads over a part of the Atlantic Ocean, too.

One of the practical purposes of classifying circulation types is
creating the basis of the conditional climatological investigations, for it
is to be expected that the standard deviations of the subsets of weather
elements according to types decrease as compared to the standard deviation
~ of the total climatic population. The decrease of standard deviation gener-
ally aoes with the decrease of uncertainty, which we can measure by the
calculation of Shannon entropy. The aim of our investigation is to reveal,
by the use of the measured data of S:zeged in Southern Hungary, the decrease
of the standard deviations and entropies of the data, relating to the sub-
sets of two different classifications, Féczely and AEG types.

Data Base and Method

For the processing with 20-year length period (1961-1980) of the
daily measurements of the Srzeged meteorological station were used, namely
the déily mean values of the temperature, and the directions of the maximum
gusts. The latter departs, on the one hand, from.an earlier processing of
PECZELY's (1957h), in which he had taken into cansideration the wind
directions measured at 0600 GMT; on the other hand, from K TAR's (1983)
investigation, in which the author had used the hourly anemometries. As
J. S2AMRA (1977} has revealed, 90 %Z of the hourly wind speeds occurs in the
range 0-3 ms~*, and only 10 % of them exceeds the of 5 ms=* force. Weak air
motions, in turn, are more influenced by local factors, and in them the
baric situation of synoptic scale is less reflected. Stronger wind data, on
the contrary, conform to the large-scale pressure conditions somewhat bet-
ter. Therefare, it seems mare expedient to sort the divections of the maxi-
mum wind qusts according to the macrosynoptic types.

The catalogue of the ABG classification for the years 1949-1980
(AHBROZY, BARTHOLY and GULYAS, 1983), and the Péczely catalogue for the years
1881-1983 are available. In Szeged, instrumental observations, with
repeated transfers of the weather station, have been going on since 1871
(SINDELY, 1985)._ The station has been functioning an its present spot since
194613 therefore, far our investigation have been chosen the 20-years be-
tween 1961-~-1980. .

While processing the daily mean values of temperature, first we de-
termined the daily normal values concerning the period of the years 19561-
1980, then the daviations from these, that is the daily anomalies. We de~
termined the standard deviations of the daily temperature- anomalies, and
the relative frequencies of the latter ones calculated for classes of a
breadth of 1°C, and with the help of the relative frequencies we deter-
mined the Shannon entropy, on the one hand, for the whole population, and,
on the other hand, for the subsets arranged according to the Feczely and
ABG-types, 23 well as we also determined the averages of the temperature
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anomalies for the individual subsets. The above Lalculatxons were done for
the four seasons separately. The decreases in the standard deviation and
the Shannon entropies signify the becoming arranged of the data within the
macrasynoptic situations.

While processing the directions of the daily maximum wind qusts, we
determined their relative frequencies; furthermore, we calculated the
Shannon entropy, for the whole population (Ey), and for the subsets of the
individual types (E,}. ’

The. Shannon entropy, serves for the measuring of uncertaxnty, and for
its determination we used the following, generally accepted farmula:

E =22 p; leg 1/p;. * .- [hit)
5 - .

Here p, is the relative frequency of the i-th event.

In the case of the temperature we used one-deqree spaces between the
values, and we classed the directions of the maximum gusts among 16 cat—
egaries.

We compared the order of the data in the subsets of the Peczely and
the ABG types season by season by means of a computer.

. Results

In the course of the xnvestlgatlon we were looking for answers to the
followxng questions: :

1. Do the standard deviation and the entropy of the daily temperature
anomalies decrease in the partial populations of the individual macrosynop-
.tic situations in comparison with the total population; and if so, with
which types is this decrease the greatest? 2. Does the entropy of the di-
rections of the maximum wind gusts decrease in the partial populatxons in
comparison with the entropy of the totel population? 3. With which classi-
fication does the entropies’average weighted according to frequencies of
the types, decrease maore strongly, that is to say which of the two typry—
ings gives a greater information gain?

In their two previous papers the authors had examined the first two’
questions in detail (KOPPANY and KISS, 1985, 1987). In these two papers of
theirs, they had limited their investigations to the Féczely types only.
They had found that the entropies of the temperature and wind direction
data classified according to the Péczely types decreased in comparison with
that of the total papulation. In the case of the temperature, the decrease
" of entropy is the greatest in. the situations of northern and western direc—
tion, and in the central cyclonal situation; the arrangement of the tem-
perature data according te the Féczely types is the strongest in winter and
summer, and the weakest in spring. In the case of the wind directions, the
entropy mainly decreases in types =Cc, AB, CMc, Ae, Aw, AF and C, in the

" central anticyclonal situation (A}, however, it increases in comparison

with the total population. Of the seasons, it is in winter and autumn that
the entropy decreases the most strongly.

In the present investigation, the authors partly sum up a few of
their more important results got for the Péczely types, partly complete
them with their recent researches carried out for the ABG types. For. it is
doubtless that the comparison of the synoptic climatological valuatxons of
the two kinds of typifying can command interest.

Tables I to IV sum up for the four seasons the statistical results
gof for the order of the daily temperature anomalies. In spring, of the
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Péczely types, it is only in the situation An that the entropy does not de-
crease, and it is in the sltuatxons An and A that the standard deviation
increases in a small degree.-

In spring the entropy decreases in a largér or smaller degree in each
of the 19 ABG typesy the standard devxatzon. however, increases somewhat
with six types (Table D).

In summer the entropy decreases in each of the Péczely types; the
standard deviation, with the exception of the situation As, also decreases
in all situations. In summer the number of the ABG types is only 8; with 4
types of these the standard deviation of the temperature does nat decrease,
the decrease of the entropy is slight (Table II).

In autumn it is in three of the Péczely types that the standard devi-
ation does not decrease; the entropy, however, with the exception of Chu, '
decreases with all types. With 5 of the 15 ABG types the standard deviation
increases a littley with 3 of these;y the entropy also increases (Table
11D . ’ .

In winter it is in only one Péczely and four ABG types that the stan-
dard deviation of the temperature does not decrease; the entropy, however,
decreases in all types (Table IV). :

1t deserves attention that in.spring and winter, when the number of
the ABG types is the greatest (19 and 17 regpectively), the weighted aver-
age of the entropy decrease is the greatest: 0.209 and 0.297 bits respect-
ively; while in summer, when the number of the ABB typeg is only 8, the
weighted average of the entropy decrease is the smallest: 0.12 bit. The
number of the Péczely types is 13 in each season, the entropy decrease
changes less from one season to another: it oscillates between 0.261 and

- 0.338 bits.

The relative frequencies of the daxly temperature anaomalies classi-
fied according to the ABG types are illustrated by Figs. 1-4.

_ The entropies of the directions of the maximum wind gusts calculated
for the macrosynoptic types and the whole population, are summed up for the
four seasons by Tables V to VIII,

In spring, of the Péczely types, only in the sxtuations A does the
entropy not decrease, and of the 19 ABG types, in only dne is there no en-
tropy decrease (Table V).

In summer, of the Péczely types, agaxn only in the situatlon A does
the entropy not decrease, -and ones of the 8 ABG types, in two (Table VI).

In autuan there is a larger or smaller entrdpy decrease in each of
the 15 ABG types; of the Péczely types, there is none in the situation A
(Table VII). As the authors had pointed out in their previous papers, the
air current is weaker than the average in Péczely’'s situation Ay therefore,

. it 'is understandable that the wind dzrectxons do not become arranged in

the central anticyclonal situation.

In winter the entropy decreases in all Péczely -and ABG " types (Table
vIIID). :
) The weighted average of the entropy decrease isy in the case of the
ABG types, the greatest in winter and autumni 0.254 and 0.228B bits respect-
ively, and the smallest in summer (0.075 bits), when the number of the
types is alsa the smallest. In the case’ of the Pdczely types,the entropies
of the wind directions decrease the most coneiderably in winter and autumn:
by 0.426 and 0.416 bits respectively, while in spring and summer by only
0.291 and 0.311 bits respectively. The -seasonal differences in the de~
creases of the entropies of the wind directions, similarly to thqse of “the
temperaturas, ars consxderably greater with the ABG types than with the
Péczely types.

The relative freguencies of the dlrectxgns af the maximum wind QUSts
in the whale populaticns and in the populations arranged according to the
ABG types are 1llustrated, relgting tg: the four seagans, in qus 5-8. Of



the 19 spring types, the types {, 6, 8, 13 and 16 which, with a remarkable
frequency of the wind directions 8E and S, deserve attention; then, again,
types 3, 5, 11, 14 and 17, with the accumulation of the wind directions NN
and N (Fig o).

. In summer it is the frequency of the wind directions NN and N that
are characteristic of types 1, 2, 3, S, 6 and 8 of the 8 AEG types: the
high frequency of the wind directions coatrary to these, however, does not
oceur in any of the types (Fig. 6). '

In autumn, of the 15 ABG types, nos. 2, 5, 13 and 14 can be charac-
terized hy the prevalence of the wind directions NW and N, while types 3,
4, 6, 12 and 15 by that of the wind directions SE and SSE (Fig. 7). .

In winter, of the 17 types, nos. I, 5, 4, 8, 9 and 17 exce)l by the
high frequency of the wind directions SSE and SE, types 2, 7, 11, 12 aﬁd 13
by that of the wind directions NH and N (Fig. 9. -

Although, with the exception of the summer, a considerable part of
the ABG types determined for the individual seasons can be divided into two
qroups; characteristic of the one of which is the prevalence of the wind
directions SE and S, of the other one that of the wind directions NH and N,
in these types, the contours of the 500 mb level, are only in partial ac-
cordance with the most frequent wind directions received from the surface
anemometries. : ’

Conclustians

The investigation arranged the anamalies of the daily mean tempera-
tures, and the directions of the wmaximum wind gusts measured at Szeged,
for macrosynoptic types determined on the basis of two classifications dif-
ferent from sach other. Both classifications have advantages and disadvan~
tages.

" The advantages of Péczely's classification are as follows: 1. that it
is based on the analysis of the surface pressure field, which is in a
closer connection with the weather, and 2. that it is orientated to Hun-
gary. lts disadvantages are the following: 1. the determination of the
types iz carried out visually, 2. so it is not free from subjective mis~
takes, .

The advantage of the ABG classification is that for determining the
types it uses an objective method warked out well mathematically, the clus-
ter analysis.Its disadvantages are as. follows: 1. that it {s based on the
500 mb surface referring to a larger area, and 2. that thus its types can
less he brought into connection with the weather in Hungary. Despite the
disadvantages, the majority of the types obtained by the two claessifica-
tions decrease the entrapies of the temperature and wind data measured at
Szeqed.
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Table |

Standard deviations and entropies of the daily temperature
anomalles of the spring season atl Szeged (1961-1980) in the"
total population as well as In tne subsets arranged according
to the Peczely and the ABG macrosynoptic tvpes.

M = number of cases, S = standard deviation, “GC, §, = § of the
tstal  population, S, = §  of the subseéts, E = entropy, hit,
e =E of the total population, E, = E of the subsets
N S S, /5y E E¢ - E, Average,oC
Total
population 1840 3.71L  ~---- 3.821 ----- 0.00
Peczely typas
mnce 118 3.1B 0.852 3.570 O.351 . -1.71
AB 118 2.97 . 0.801  3.440  0.481 ~2.08
CMe 95 '3.18 a.857 3.6405 0.276 ~2.62
mCw 244 3.29 0.86(7 3.690 0.231 +2.02
Aea . . 208 3.12 06841 3.543 0.338 +2.57
CMw | 188 - 3.53 0.951 . 732 0.189 +0.63
z<o 98 3.44 C.927 3.718 0,205 +0.92
Aw 258 3.12 0.841 3.5685 0.336 -0.,85
Asg 52 Z.90 0,782 3.348 0.575 +2.06
An . 237 3.86  1.040 3.926 -0.008 -~0.73
AF B6 3.20 0.B53 3.608 0.316 . =2.00
A . : 101 3.76 1.013 3.814 0.107 -0.34
c 33 2.68 G.776 a.379 0,542 -1.4%
Average of the valuass (E; - E,) 0,303
Average weighted sccording
to frequency Peczely types 0.261
ABG typesd
1 103 3.458 0.568% 3.757  0.1864 +1.58
2 234 3.78-  1.019 3.895 0.026 -0.36
3 123 3.09 0.8533 ° 3.602 0.318 -Q. 45
4 76 3.089 1.049, 3.887 0.034 ~0.32
=) 106 3.568 0.280 3.733 0.188 +0.47
5 67  3.11 0.R38 3.580 " 0.341 +0.42
7 177 3.48 Q.838 3.707 0.214 ~0.37
a8 56 3.698 0.99% 3.708 0.213 +2.29
9 a8 2.35 0.633 2.156 1.765 +0.81
10 164 3.46 0.933 3.761 0.160 -0.31
11 68 2.78 0.749 3.279 0.642 " +0.78.
12 34 4,01 1.081 3.783 0.1568 +1.85
13 7€ 4.39 1.183 3.888 0.033 ~0.17
14 13€ 3.17 0.854 3.58€ 0.335 +0.87
15 97 3.47 0.935 3.663 0.258 -2.06
16 70 3.56 0.9660 3.762 0.159 +0. 81
17 5% 3.79 1.022  3.880 0.253 -2.51
18 79, 3.62 0.978 3.607 0,314 +1.34
19 111 4.01 1.081 3.782 0.139 -1.29 7
Avecage of the values (Er - E) 0.301
Average weighted according
to frequency ABG types . 0.209

14



Table 11

Standard ‘deviations and entfopies of the daily temperature

anomalies of the summer season’ at Szegwu  {1961-1980) in the
total population as well as in the subsets arranged according
to .the Peczely and the ABG macrosynoptic types. .
N = number of cases, S = standard deviation, °C, S; = S of the
total population, S, = S of the subsets, E = entropy, bit,
E+r = E of the total population, E, = E of the subsets

N 8 S /Sy E Eyr - E Average,°C
Total . 4 .
-population 1840 2.96 . ----- - 3.6847  ----- 0.00

Péczely types

wCe 154 2.47 0.834 . 3,353 0.294 -2.15%
AB 133 2.83 . 0.958 3.450 0.187 .  -1.62
CM¢ _ 53 2.70 0.812 . 3.200  0.447 -2.65
mCw - 156 2.26 0.764 3.181 0.466 +1.10
Ae . 147 2.05 0.693 3.073. 0.574 +2,.82
CMw : 74 2,82 0.953 3.362 0.285. - -0.54
zC © 89 2.53 0.855 3.237 0.410 -0.57
Aw . 419 . 2.75 0.929 3.447 0.200 ' -~0.92
As 29 3.02 1.020 3.411  0.236 +2.26
“An 261 2.46  0.831 3.342 0.308 ©4+1.40
AF o1 2.49 .- 0.841 3.213 0.434  ~0.74
A 207 2.41 0.814 3.251 0.396 “+i.14
c . 27 2.91  0.983 3.207 0.440 -1.03
Average of the values (Ey - E,;) 0.360
Average welghted according ) :
to frequency Peczely types o . 0.333
ABG types
1 - 260 2.76 0.932 -3.458 0.189 +0.52
2 136 2,68 0.909 - 3.421 0.226 +0.06
3 373 3.05 1.030 -3.638 0.009 . -0.09
4 210 © 2.82 0.986° 3.532 0.115 ~0.46
-5 277 3.06 1.034 3.545 0.102 = -0.76
6 105 3.11 1.051 3.550 0.087 -0.36
7 308 2.96 1.000. - 3.547 0.100 +0.57
8 174 2.66 0.899 3.394 0.253 +0:33
. Average of the values (Er - E() _ 0.301

Average weighted according 4
to frequency ABG types B 0.209



: Table 11

Standard deviations and entropies of the daily temperature
anomalies of the auvtumn season at Szeged (1961-1980) in the
total population as well as in the subsets arranged according
to the Peczely and the ABG macrosynoptic types. .
N = number of cases, S = standard deviation, eC, S+ = S of the
total poputation, S, = 5 of the subsets, E = entropy, bit,
E+r = E of the total population, E;, = E of the subsets

N’ S S, /Sy E Er - E; Average,°C
Total .
population 1820 3.7¢ ----- 3.806 ~---~- 0.00

" Peczely types

mCc 52 2.64 0.778 3.157 0.649 ~1.34
AB ’ 97 2.41 0.711 3.272 Q.885 -2.48
CMe 47. 3.03 0.892 3.252 . 0.633 -1.33
mCw ’ . 178 3.49 1.029 3.753 0.053 +2.414
Ae 313 2.78 0.818 3.449 0.357 +1.30
CMw 159 3.57 "1.053 - 3.806 0. 000 ‘. +1.49
zC - 87 2.79 0.822 3.319 . 0.487 - +1.514
Aw 281 2.74 0.808 3.456 0.350 -0.904
As 102 2.50 0.737 3.268 -0.538  +1.05
An : 211 3.25 0.859 3.632 0.174 ©~0.73
AF 38 4.06. 1.197 3.544 0.262 -2.36
A ) ) 263 3.27 0 965 3.691 0.115 -1.48
C 15 2.30 0.677 2.606 1.200 -0.65.
Average of the values (Ey - Ey) 0.408
Average welghted ‘according . o
to frequency Peczely types 0.282
ABG types
1 166 3.38 0.010 3.721 0.085 +0.37
2 .74 .3.85 1.047 3.548 0,258 +1.25
3 78 3.99 1.177 © 3.992 -0.186 = -0.87
4 118 3.30  0.973 3.634 0.172 -1.97
S - 68 2.90 0.855  3.3860 0.446 +1.78
6 86 4.17 1.230 3.812 -0.1068  --0.88
7 184 3.64 1.074 3.817 -0.011 -0.05
8 . 228 2.59 0.764 3.348 0.458 -0.82
9 . 142 3.12 0.920 3.610 0.196 = +0.42
10 " 113 3.37  0.994 ° 3.593 0.213 °  +0.32
11 149 " 3.14 0.926 3.624 ‘0.185 +0. 46
12 58 3.83 1.130 3.731 ©° 0.07S +0.91
13 . 131 -3.03 . 0.894 3.568 0.237 +0.58
14 107 2.65 0.782 3.398 0.408 +1.34
15 118 °  3.04 0.897 3.488 0.318 -1.10
Averdge of the.values (Ev - E;) 0.183
Average weighted according .
to frequency ABG typgs T 0.167

16



Table 1V

Standard deviations and entropies of' the daily temperature
anomalies .of the winter season- at Szeged (1961-1980) - in the
total population as well es in the subsets arranged according
to the Peczely and the ABG macrosynoptic types. '
N = number of cases, S = standard deviation, °C, S, = S of the
total  population, S, = S of the subsets, E = entropy, bit,
_Er = E of the total population, E,' = E of the subsets :

N S S, /Sy E Ey - E, Average,°C
Total . : . :
populatiaon 1840 4.39 mm—— 4.139  ----- 0.00

Peczely types

mCe . 87 . 3.65 0.831 3.692 .0.447 +0.60
AB . . 76 4.,08 0.929 3.733 0.405 -2.56 "
CMe . 66. ' 3.79 0.863 3.689 0.450 -1.76
nCw - . 187 3.74 0.852 3.823 0.315 +2.87
Ae 301 3.85 0.877 3.909 0.230 +0.20
CMu ! 164 3.88 0.884 3.948 0.190 +1.71
zC 93 2.79 0.636 3.430 0.708 +3.57
Aw : 233 3.42 0.779  3.685 0.453 +1.08
As ) 100 3.58 0.815 3.775 .0.363 +2.00
An o 265 3.72 0.847 3.857 0.281 . -2.79
AF 47 3.50. 0.797 3.450 0.689 -2.72
A 175 4.81 1.096 4.070 0.064 -3.23
c 18 2.58 0.587 2.483  0.440 +2.57
Average of the values (E: - E.) 0. 481
Average welghted according
to frequency Peczely types 0.338
P c ABG types
1 120 3.63 .0.827 3.793 0.346 +1.68
2. 133 4.06 0.925 3.888 0.251 . +1.02
-3 102 4.88 - 1.112 4,033 0.106 -2.47°
4 ‘114  3.94 0.897 3.80t - 0.338 +0,87
5 105 4,03 0.818 - 3.712 0.427 +2.04
6 107 4,82 1.008 4,073 0.066 = +1.97
7 133 4.70 1.071 4,103 0.036 -1.78
-8 115 2.97 0.677 . 3.557 0.582 +2.97
9 - . 45 3.53° 0.804 3.473 0.666  +1.88
10 * 83 4.75 1.082 4,109 0.030 -2.11
11 205 3.87 0.904 3.934 0.205 -1.60
12 83 3.30 0.752 3.625 0.514 +0.40
13 o 47 | 4,13 0.941 3.672 0. 467 ~3.28
14 ) 32 3.25 0.740 3.355 0.784 +0.57
15 - 89 3.38 0.770 3.653 0.488 -2.59
i6 75 3.67 0.836 3.587 0.552 -0.96
17 212 4,30 ~ 0.957 - 3.960 0.179 +1.52
-Average of the values (Ey - E) Q.355
Average weighted according ’
to frequency ABG types’ - 0.297



Table V

Entropies of the directions of daily maximum wind gusts of the
spring season at Szeged (1961-1980) 1n the total population as

well as fn the subsets arranged according to the Peczely and
the ABG macrosynoptic types. ’
N = number of cases, E = entropy, bit, E, = E of the total
poputation, E. = E of the subsets
N E Ev - E|
Total :
population 1840 3.788 - ----

Peczely types

mCc 118 3.116 0.672
AB 119 3.437 0.351
CMe s 3.380 0.408
mCw ' . 244 3.675 0.113
Ae . 208 3.331 0. 487
CHw - . 188 3.647 0.141
zC 98 3.480 0.308
Aw 256 3.280 ., 0.508
As 52 3.551 0.237 J
An ’ 237 3.743 0.045
AF ’ 86 3. 466 0.322
A : 101 3.814 -0.026
C : 38 3.296 0.492
Average of the values (Ey - E/ 0.310
Average weighted according
to frequency Peczely types ‘ 0.291
ABG types i
1 103 3.525 0.263
2 234 3.733 0.055
3 123 3.623 0.185
4 76 . 3.790 -0.002
5 106 3.728 . 0.060
) 67 3.654 0.134
? 177 3.760 G.028 .
e 56 3.430 0.358
9 8 3.000 0.788
10 164 3.727 0.061
11 ' 68 3.483 0.325 .
12 34 3.245 0.543
13 ) 76 3.658 0.129
14 136 . 3.655 0.133
19 97 3.615 0.173
16 70 3.510 0.278
17 . 85 3.394 0.394
18 79 3.582 0.206
19 ) 111 3.489 0.299
Average of the values (Er -~ E() 0.231
Average welghted according

to frequency ABG types ’ 0.158
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Table VI

. Entropies of the directions of daily maximum wind gusts of the
summer season at Szeged (1861-1880) in the total population as

~well as In the subsets arranged according to the Peczely and
the ABG macrosynoptic types. :
N = number of cases, E = entropy, bit, Er = E of the total
pepulation, E, = E of the subsets '
N . E Er - El
Total . : .
population ‘1840 3.735 -

Peczely types

mCc . - 154 . 3.172 .0.563
AB 133 . 3.229 0.506
CMc .. 83 . 3.033 0.702
' mCw 156 '3.825 0.210
Ae 147 3.470 0.265
- CMw ) .74 3.678 0.057
zC 89 3.517 0.218
Aw 419 3.212 0.523
As 29 3.388 0.347
An - 264 3.657 0.078
AF 91 - 3.476 - 0.259
A - 207 3.746 ~0.011
C 27 .. 3.176 0.5859
Average of the values (E, - E,) 0.329
Average weighted according
to frequency Peczely types ‘0.311
ABG types
1 260 3.724 0.0114
2 136 3.536 0.199
3 373 3.632 0.103
4 210- 3.752 -0.017
5 277 3.519 0.216
6 105 3.5835 ' 0.200
7 308 3.797 -0.062
8 171 3.665 0.070
Average of the values (E, - E,)- 0.080
Average weighted according

to frequency ABG types 0.075



Table VIl

Entropies of the directions of daily marimum wind gusts of the
autumn season st Szeged (1961-1980) in the total population ag
wall as In the subsets arranged according to the Peczely and
the ABG macrosynoptic types.

= number of cases, E = entropy, bit, €y = E of the tntal
population, E, = E of the subsaets

N E Er"El
Total
population 1820 3.7568 @ —e---
Peczely types
mCc 52 3.157 0.599
AB 87 3,020 0.7386
, CMe N 0y 3.294 0.462
mCw - 175 3.296 0.460
Ae o313 3.053 L0.703
CMu 189 3.540 0.216
zC 67 2.269 . 0,487
Aw 231 3.160 0.578
As 102 3.437 0.349 .
An =11 3,475 0.281 ) \
AF a8 3.083 “0.673
A 263 3.846 -0.090
C 15 3.057 0.699
Average of the valueg (E, - E,) 0.371
Average welghted accocding
to frequency Peczely types 0.416
ABG typges
v 166 3.518 0.238
rz 74 3.520 0,236
3 78 . 3.640 0.1186
4 118 2.865 - 0.871
s 68 3.690 0, 058
6 86 3.422 0. 334
7 184 3.472 . 284
8 228 3.752 0.004
9 : 142 3.727 0.029
10 . : 113 3.580 0.168
11 149 3.685 0.071
12 58 3.165 0.591
13 131 3.6414 0.115
14 . 107 3.301 0,455
15 ’ 118 - 3.520 0.236
Average of the values (Ey - E,) 0.254

Average weighted accarding
to frequency ABG types Q.228
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Table VIl

Entropies of the directions of dafly maximum wind gusts of the
winter season at Szeged (19861-1880) in the total population as

well as in the subsets arranged according to the Peczely and
the ABG macrosynoptic types.
N = number of cases, E = entropy, bit, Er = E of the total
population, E, = E of the subsets
N E Ev - E|
Total
population 1800 3.720 @ -----

Peczely types

mCc . 87 3.090 0.630
.AB : 76 3.350 0.370
CMe } 66 3.350 0.370
nCw 187 3.314 0. 406
Ae 301 2.880 0.730
CMw ~ : 154 3.422 0. 298
zC 23 3.462 . 0.258
Aw 233 3.322 0. 398
As 100 3.358 0.362
An 265 3.380 - 0.340
AF ) 47 2.776 - 0.944
A . 175 3.608 0.112
(o} . : 16 - 3.078 - 0.642
Average of the values (Ey - E;) 0.451
Average weighted according
to frequency Peczely types 0.426
ABG types
1 120 3.326 0.394
2 133. . 3.517 0.203
3 102 - 3.573 0.147
4 114 3.561 0.159
5" 105 . 3.554 0. 166
8 107 3.4886 0.234
7 133 3.482 0.238
8 115 3.362 0. 358
9 . i’ .45 3.030 0.690
10 83 3.469 0.251
11 205 3.534 0.166
12 83 3.401% 0.319
13 . 47 3.075 0.645
14 32 3.544 0.176
15 89 3.623 0.097
16 - 75 3.564 0.156
17 212 3.433 0.287
Average of the values (Er - E) 0.277

Average welghted according
to frequency ABG types 0.254

)
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DETERMINATION OF SEASONAL MACROSYNOPTIC 'ILYPES
USING CLUSTER ANALYSIS AND ROTATED EOF ANALYSIS

by
Judith Bartholy

CENTRAL WETEOROLOGICAL INSTITUTE, BUDAPEST, HUKGARY

Evszakos wakroszinoptikus tipusrendszerek weghatirozésa rot&lt emplrikus ortogondlis flggvényana~
anallzis és clusteranalfzis felhaszndlisdval. A tanuladny rdvid Osszefoglaldsst adja sgy sokéves
vizsgdlatsorozatnak, melyben kisérlet tBriént évszakos nakrocirkuldciés osztilyozisok 18trehozdsdra az
atlanti~eurépai szektorban, illetve az északi hemiszféra térségére. A kOlBnbBzd matematikai statisztikai
modszer médszerekkel létrehozott tlpusrendszerek Osszehasonlite ‘elemzésére is kitér a dolgozat.

A short summary is presented of a research carried out in the last few years. In this work an at-
teapt was made to establish seasonal macracirculational classifications for the Atlantic-Eurcpean region
and for the Northern Hemisphere. Comparative examinations of macrosynoptic systess produced by different
mathematical statistical methods are discussed too.

1. Introduction

As early as in the 1950s and 1960s climatological and macrosynoptical
classifications were made by several researchers for example DZERDZEJEVSKI)
(1946), VANGENGEJH (BOLOTINSKAJA - 1964}, HESS and BREIDNSKY (1949), LAMB (1972) etc., with
different aims and for different geographical regions. In each case differ-
ent criteria were taken as bases of classification (the geographical posi-
tion of cyclones and anticyclones, the direction of ridges, etc.). A common
feature of these early classifications was that both creating the classes
and arranging the phenomena were subjective processes and were carried out
with the help of the human eye and synoptical practice.

With the widerspread use of high-capacity computers more objective
methods have become possible. A new branch of mathematics, cluster analysis
deals with the praoblems of classification algorithms. Some good summaries
on this topic are given by ANDERBERG (1973), SPATH (1980). Several attempts have
been made in the recent past at meteorological application of clustering
procedures: SULOCHAHA (1980) made a precipitation classification for the region
of India, HARTHAW (1984) classified the tropical cloud configurations, and
PARAGIOTIS (1984) gave a classification of weather situations in Greece. KRUIZIKGA
(1979) and HARYON (1985) made typisation on the basis of 500 mb height fields.

In the last years we have also applied several kinds of clustering
technique in our researches, and created objective macrocirculation systems
for large regions. The aim of this work was to eliminate the subjectively
coded HESS-BREZOHSKY macrosynoptic system from the analogous forecasting model
used by the Central Forecasting Institute of the Meteorological Service of
Hungary. In our first work C(AHBROIY-BARTHOLY-GULYAS (1983)] we made a system for the
Atlantic-European region. With the increased validity period of the fore-
casts, however, it become necessary to make a hemispheric scale system. So,
later on, in our experiments we made attempts at hemispherical clustering
of the 500 and 700 mb height level by means of different classification
algorithms. Probably due to the high number of dimensions, these classes
were not esepareted from each other sufficiently. Therefore[ prior to the
use of the classification algorithms a procedure for feature extraction and
for data reduction was carried out on the entire data base: the rotated
empirical orthogonal function analysis.
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2. Attempts at clustering

Since the nmeteorological application of clustering is not yet much
used, I'm going to give a brief summary of the principles of the procedures
we used and their place among the methods of clustering. Cluster analysis,
as a rule, has a dual aim: first, to explore the structure of the set of
objects; second, to select the separate objects in such a way that the
similar ones get into the same group, while the differing ones are placed
in different classes.

The cluster analysis method can be divided into two main types: the
hierarchical and the non-hierarchical methods. The methods included in the
first group constitute a hierarchical system of clusters in such way that
any two clusters are either disjoint or one of them implies the other., The
hierarchical methods bhelong either to the agglomerative or the divisive
type, depending on whether they reach the hierarchical system of clusters
by unification or by division. Non-hierarchical methods can also be divided
into two parts, namely, the overlapping and the disjoint classifications,
depending on whether the grouping allows overlappings between the cluster
ar not.

Another important component of cluster analysis, the connection func-
tion, is also of two types: similarity function or non-uniformity function,
depending on whether they take their maximum values in case of similarity
or non-uniformity of the objects. In the past years in our researches hier-
archical agglomerative and non-hierarchical disjoint methods are used, and
in every case the classification was performed with the use of a connection
function of the similarity type.

3. Atlantic-European region

"In our first clustering attempt based on the daily S00 mb height
fields, we constructed a seasonal system for the Atlantic-European region.
Here the separate types represented the macrocirculational situations mast
characteristic of the season. For determining the classes the dynamical
"k-means” method worked out by McBUEEN (1967) was used which belongs to the
non—-hierarchical disjoint methods. In the algorithm the computation was
carried out with similarity connection functions according to EUCLIDEAK
metrics. In  the iteratively approxzimating version of method, the stability
of the system during the separate iterations was measured by the number of
objects regrouped in” a new type (non-identical with that of the previous
iteration). Figure I illustrates the pressure maps of ATzocu, RTswosi0ae and
of surface level of the 9*" spring type. The first one was obtained as a
result of clustering, and the latter two were computed on the basis of the
archive of the full time-series. The seasonal cluster system contains 19
spring, 8 summer, 15 autumn and 17 winter types. To measure the effective-
ness of the types we considered the external and internal distances of the
systems which, by definition, vrepresent the distances between the class
centers and the internal radius of the various classes respectively. Inter-
nal radius: the average distance of all the fields included in the given
type, from the cluster center.

With this classification we succeeded in reducing the internal dis-
tances by 42 per cent, and in increasing the external distances on average
by 40-70 per cent in comparison with the HESS-BREZOHSKY macrosynoptic system.
This means a better filling and spanning of the physically given BO dimen-
sional space (the Atlantic-European region is represented by 80 grid point
values). The g¢ood results of this systematization were confirmed by the
comparative verification results obtained after its insertion in to the
long-range forecasting model.
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4. The Nérthcrﬁ Hemisphere

In cur further experiments the investigated geographic reqgion  was
expendad to the Northern Hemisphere; for technical reasons we switched over
to the 700 mb level (on 590 mdb there was 2 significant lack nf data for
this reglon  in the data set at our dicposally and we chose a laraer time
scale: the fields of decade averages instead of daily fields. Like FOLLAND
(1983) and HARION (1285) in their classifications for the Atlantic-furepean
region, w2 also made our hamispherical cluster syastem for & natural zeasons
{Jan,-Fehr., March-Apr., etc.) The low seople sizs does not cause a prob-
lew: as  running means of decade fields were used {n oupr reseatches, there
wag o reducticns of  the data set compared to the deily field set; onlv a
smonthing was applied. The analysis was carried cub on the data series of a
35 yesr period  (1930-1984) of  the NIC  (Mational Heteorolugical Center),
Washington, D. C,

Two attempts were made at clustering the running duecade tields. In
one case the hierarchical ayglomerative, 1n  the other case the non~hier-
archical disjoint, non dynamica)l “k-meinz” methed was used, similarly to
the 1nvestigation of the Atlantic-European region., In both cases, Yor each
season there were determined 10 types. In the investigations cach hemi--
spharic running means of 700 mo cecad2 fiwld wss characterized by 358 grid
point values, each reprezenting appronimately equal -tarritories. The re-
sults sabisfird ws moderately: the types of the tlass systems did not
separate well, presumably due to the high disension numbers.

We weare confident that carcying out an empirical orthoyonal functicn
anatysis (LOF) prior to  the wmplementation of thae clustering procedurss,
the reduction in dimension nomber alloued by the concentration of the in-
formation will give better regsults. A comparative evaluatioar af the cluster
systems will he discussad later.

5. Jolnt application of the rotated emplrfcat prthmgonni
function analysis and the clustering

For reasuns described above we arpnlied a combined mathod, in which
clustering wae done after havinn carried out the EOF analysis of the fields
and varimax rotation of .the ampilitudes. The EOF analysis was first used by
LOREN? (19560  and GILMAN (1957). In CRADDECK's investigations (1%89) the hemispheirical
500 mh fields are represented vwith the ewpansion cnefficients of the fields
expanded by eigenvectors of the correlation matrix, and the coefficients of
the field are used as the daka base of analog forecasting procedure. Go the
pracedure is appli g as a feature extraction and data reduction nethod. The
EOF analysis '~ besides its several advantages described by WALLACE (1972),
BARNITON and LIVEZEY (1385), etc. - wae u=ed by us mainly in the (RADDCCKIAN sense.
In the procedure the eigenvalue equation of the correlation matrix of the
‘grandardized data set is solved. The obtained eigenvectors are urthogonal,
but their physical interpretation 1s difficult. Carrying out the varimax
rotation analysed in detai. among othars by HIRAL (1981) and HARNAY (17500, we
obtain results that can be interpreted better physically, at.a price of a
little deterioration of orthogunality. Inside the separate modes rotation
maximalizes varianze and elimifates smoothing caused by avaraging, and it
reprasents another feature extraction procedure.

fifter the EOF analysis 'l the robation avery field of every season
is characterized by 10 coefficiunts and, after carrying out owr iterative
clustering procedure on these data as the data hase, for =ach season thera
are obiained 10 types. (n the clustaring procedure there were made sevaral
attempts at selecting the initial cluster centers in order to accelerate
the convergency of the methad. Naturally, in order to obtain the final
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Fig. 2a 7*" class for winter season

of the northern hemispherical cluster system (the sethod use
rotated EOF analysis and dynawical cluster technics), 700 ab
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Fig. 2b 7** class for minter season of the northern hemispherical cluster system (the wethod used
rotared EOF analysis and dynamical cluster technics), 700 wb, anomalies



. {
class centers, the inverse transformation of the rotation and the restora-
tion of the 700 mb cluster centers have to be accomplished on the basis of
the EOF coefficients and the eigenvectors. As an example, Figure 2 illus-
trates the 700 mb height and anomaly fields of type Ho.7 of the winter
season {(January-February).

Comparative evaluation

During the I clustering experiments for the Northern Hemisphere and
for the Atlantic-European region the stability of classifications - was
checked separately for each method. The mathematical background of the
methods ensures: the convergence of the algorithms in  the classification
procedyres used. The invariance aof the procedures on the randomly chosen
initial cluster centers was checked.

In these methods each iteration sweeps through the whole data set
once and every field is placed in a class. So, counfing the fields placed
in a new class (differing from the previous inclusion) a good index can be
aobtained for the stability of the cluster system. In Table I the final sta-
bility indices are demonstrated (for each method uniformly 12 iterations
were made). It can be seen that, while in the case of the clustering after
the hemispherical rotated EOF analysis, in the last iteratiom only 0.7 per
cent of the fields were regrouped into a new class (altogether 7 fields),
in the other two case their number was almost S-10 times higher.

The external and internal distances of the three hemispherical clus-
ter systems (using hierarchical, dynamical, EOF + dynamical methods) were
compared. These results are shown in Table II. It can be seen that the pro-
cedure applying the EOF analysis compared to the hierarchical method;
1/ ensures a separation between the clusters about 30 per cent better
lincrease of the external distances); 2/ the different clusters are concen-
trated around the type centers 22 per cent better (reduction of the inter-
nal radius af the classes). These results are mean values, after averaging
for & seasons. )

The relatively little mean internal and great mean-external distances
can be evaluated positively if it is not accompanied by extreme frequency
distribution for each type. ‘But this condition is also fulfilled, because
the amount of data included in the separate types is not less than & and
not more than 17 per cent of the whole data set. The life-time of the sep-
arate types 1is on average two weeks, but naturally, it varies greatly
varies depending on the seasons and types.

' 1t was demonstrated that out of the 3 classification methods for the

Northern Hemisphere, the system with clustering after a rotated EDF analy-
- sigs is the best ane in all aspects, therefore we are going to use this in
our long-range forecasting analog wmethod. Insertation into the model and
the verification work is being done. : ’
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Table 1

Instability indices for the two dynamical and the coabined asthods (the recorded field nusbers
by the last iteration given in percentage)

Atl. - Eur, region . Northern Heoisphere

met hodsges

.

Dynamical ) Dynamical EGF + Dynamical

instability 251% 1.31 0.31%
indices -

Table II

Separation indices between the classes and concentration indices inside tha classes (changes of external
and internal distances in percentage), calculated for each pars of the 3 methods

s e t h o d s

Hierarch, - Dynamical Dynamical -~ E0F + Dynamical Hierarch. - EOF + Dynaaical
Increasing of the i S8y . B
external distances ) . .

Decreasing of the 81 R LR 21
internal distances ’
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ISOCHRONES OF THE WETTEST MONTHS IN CONTINENTAL AREAS
by

G. Koppany v .

A legcsapadékosabd honapok isochronjai kontxnentélxs tertiloteken. A dolgozat célja, hogy benutassa
az #v legesapadékosabb hdnapjdnak fdziseltoléddsdt -a kentinentdlis terileteken. Adathdzisként éghajlati
csapadékadatok- szolgdltak, sdgpedig Eurdpdbdl 122, a Szovjetunidhol 66, Eszak-Arerikabdl 70, Dél-Azsiabol
72, MNagyarorszdgrél 730 és kiegdszitd vizsgdlat céljdra Ausztrdlisbol 48 Sllondsrdl. MeglehetBsen szoros
korreldcio mutatkozik az év legrsapadéhosabb honepidnak fézisa és a fBldrajzi szélesség kBzdtt Eurdpdban, 2
Szovjetunidhan ds Eszak-Amerikiban. A legcsapadéknsabb hénap isocheonjai tdbbe-kevéshé bonyolult képet mu-
tatnak Del-Azsidban és Ausztdlisban, masrészt joval nagychb 4llomds srllsdy haszndlatival mezoklimatikus
hatdsok mutathatdk ki Magyarorszigon,

The purpose of this paper is te denonstrate the displacement in phases of maximum precipitation in
continental areas. Climatic data are used of Europe (122 skations), Soviet Union (66 stations), North
fmerica (70 stations), South Asia (72 stations), Hungary (730 stations) and for additional invastigation 48
stations of fustralia. Rather close corvelations exist betweon the phases of the wattest months and lati-
tude in continental areas of Europe, Soviet Union ond North America. The isachrones of the webtest months

«hibit more or. less complicated distribution in South Asia, Australia, while using much greatLr density of
stations the effect of aesoclinatic factors is demonstrated in Hungary.

Introduction

The mean annual variation of precipitafion, in a geographical region,
igs determined by two basic factorst seasonal features of the general atmos-—
pheric circulation and annual variation of the temperature in the same re-~
gion. The foraer factor produces e.q. dry summers in Mediterranean climate
due to meridional shift of the subtropical high pressure belt, and rainy
winters, when extratropical cyclones dominate in this arga. Tha double
maximum of annual variation in the eguatorial zone is subject to the an-
nual course of sun’'s declination, or the meridional shift of ITC. In this
region the annual variation of temperature is negligible. Between 15-25<
latitudes a single appearance of ITC results in one short rainy season.

The second factor is effoctive, if the annual amplitude of tempera-
ture is significant, i.e. in moderate and high latitudes and far from tem-
pering influence of the sea. It is evident{ that in these areas the maximum
af the rain occurs during the warmer half-year. Its simpliest explanation
is that the air may contain much more water vapor in the warm season, hence
the precipitable water is generally greater, %than in the cold season. E.q.
the specific humidity of satureted air is as much as 20 g/k at +25=C, 3,7
g/kg at 0=C, and 1,6 g/kg at -10v, raespectively. The unstable sratification
.0f the lower traposphere and the caonvective activity also contribute to
formation of the summer rain.

The annual amplitude of temperature exceeds 20°C in most part of
Europe, it varies between 23-460°C in the territory of Soviet Union, it
reaches 20-40°C avar a. great part of North America. The purpose of this pa-
per is to invaestigate the isochrones of the wettest months in these areas
and to search regularities in their geographic distribution. This investi-
gations includes only the territory of Europe, North America, Saviet Union,
and South Asia; the formation of precipitation over the other part af Asia
is strongly depending an the mountains resulting in complicated distribu-
tion of isochrones. The extratropical regions of Seuth America, Africa, and
Australia are too small for large scale analysis.
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Amounts of  annual precipitarinon, the uettest and driest months iR
Furope, Asia and America were tahulated hy ALISOY (1950), Havwevar, the nupbers
of stations in these tables are insufficient for a comprehensive analysisg
over these continents., Similar survey was given far various climatie re-
gions by KHROAOV (1968), but the avialable data in this wort are alen insﬁf

~ficient. Hore detailed view is comprised in Horld Survey of Clipatulngy,
Val,7 about the wettest months in the Soviet Union in form maps and tahles
(LYDOLPR, 1977). BASRY and CHORLEY (19821 gqive a supvey of anpual precipitation
variation in North fmerica. At the Departenent of Climatulogy in Szegoi
Intvarsity tHungary) G, KRISTOF (1987) is engaged in analysing irsochrones gf the
wattest manths in co-operation with the author, Her pesearch is lipited far
the continantal territory of Eurnpe,

.It is notewarthy that the mean wettest manth may change more or lpss
fram ane decade tn another due ' to long lasting variations in the geroral
circutation. E.q. in Dudapest, according to chservations fram 1041 (RETHLY,
1471 the wettest wmopth in decadal average varies fram May to  Mavemher,
though most frequently it appears in May or June, In this prespect there are
differences in data taken from many European stations, comparing the
wettest months in different series (Linkes Heteorplugisches TasLheﬁbuch,
1.8Bapd, 1%62; Climatic Normals, HNQ, Ho 117, T,P. 52, 1762} PECZELY, 1994,
Nevertheless, these differences do not influence siynificantly the gep-
graphical distribution of relevant isachrones in  territories as large as
cantinents, ’

Eurqpa

"The precipitation regime of Eurape is determined hy three climabic
atfects: ’

L. Atlantic ocean with its smogth annual distribution of precipita-
tian, and relatively small annual vapriation,

2. Hediterpanean clipate, here the manimum rain occure in colder
half-yesar, and the annual variation is rather varying,

Y, Cantipental «limate with maximum precipitation in warmer half-
year, and the annual variatigns are geneprally greater, than in the Atlantic
climate,

In this research (13 Euraopean and 9 Turkish stations were used,* The
wettest month of the year was established for each station, as well as ‘the
apnual amount of precipitatipn, and the annual variations (v) in per cent
of the annual amount: ,

maik. monthly precip. (mm) - min, menthly precip. (mm}
annual amount (mm)
The 123 stations were classified, as follaws:

1, Atlaptic climate (Al, Majimum monthly precipitation may accur in any
season, the annual ampuRt ranges generally batwaen 7060 and 1400 mm, the
annual variations are as much as 4-0 per cent. 30 stations belopg to this
class,

2. Hediterranean clinate (#). Mawimum monthly precipitation accurs in
colder season, the annual amount is generally 490—900 mm, the annual vari-
ations range hetween & and 17 per cent. 24 European, and 4 Turkish statians
helong to this regian, '

¥ See in APFENDIX, Table I



3. Continental climate (C). The wettest month occurs in warmer half-year
the annual amount is generally 400~1100 mm, the annual variations rangé
between & and 12 per cent. 60 European and S Turkish stations belong to
this area. .

The maximum precipitation appears in colder half~year (October-March)
in 72,4 per cent of the stations belonging to the Atlantic climate, in 93
per cent of the stations belonging to the Hediterranean climate, however it
appears in warmer half-year (April-September) in 97 per cent of the
stations belonging to the continental climate.
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In Fig 1 thick'line denotes boundary between three climatic regions.
In continental area thin lines denote the isochrones of the wettest months.
The isochrones’ are denoted by dotted lines in European part of Soviet
Union, because the Soviet stations will be discussed in the next .chapter of
this paper. In Fig 1 it is evident that the maximum is lagging from one
month to another towards the higher latitudess over.a part of Balkan Penin-
sula, Turkey and Hungary the wettest month is May, in .northermost region it
is September, . o '

Marking the months of the year from Jynuary to December with numbers
1-12, a linear regression was defined expressing the relationship between
the wettest months and the latitude. If Y denotes the wettest month (1-12)
and X the latitude (in degrees), the linear regression can be written:

Y = 1.714 + 0.1004 X. ‘ /17 !



The correlation between X an Y: r = = 0.648.

It follows from eguation ./1/ that maximum rain is delaying by one
month with increasing latitude by ten degrees.

KRISTOF  (1987) using 140 European stations including the European part of
Soviet Union obtained similar regression:

Y = 2,778 + 0.0803 X,

and the correlation between X and ¥ : r = 0,5¢9. According to this equatfon
the maximum precipitation is delaying one month northwards in every 12.45
degrees (= 1/0.0803) latitude.

The interpretation of these results will be discussed later.

Soviet Union.

In this analysis precipitation data of &4 stations both over the
European and Asian territory of Soviet Union were used (World Survey of
Climatology, Vol.7, 1977).% The maximun precipitation occurs in 97 per cent
of stations in warmer half-year (April-September). This ratio correspondes
to that obtained for continental area of Europe (see in previous chapter).
The annual amounts range between 120 and 900 mm, the amplitude of annual
variation is generally 6-20 per cent. Taken into account the total exten-
sion of this area (22 million square km), and the meridional extension from
25 to 79°N, the differences in annual amounts and in amplitudes of annual
variations are not surprising.
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! Fig. 2 shows the isochrones of the wettest months over the territory
of Soviet Union. South of 40°N there can be found a small area having
Mediterranean character with maximum precipitation in March and November,
respectively. North of this latitude the wettest month is delaying north-
wards: southernmost region it is May or June, in northernmost it is August
or September. The relationship between wettest month and the latitudes can
be expressed by a linear regression, as follows:

Y = 3,487 + 0.0668 X 2/

# See in AFPPENDIX, Table 11
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Arcarding ta  equation /2/  the wanimum  rain is deldying by one month with
{ntresginyg latitude ih every 15 degrees (170.'0668 = i5). The correlation
betwesh X and ¥ 1 ¢ = 0,422, THede fesults resembie tHose, which have been
obbalned for cohbinenbtal area of Europe, therefore their interpretation
will be didcussed iater.

North Amerliea

From territory of North America (Alagka, Catada; U.8.8.) 70 stations
weby Lised (PECIELY, 1964) .% Ad ih tdse of Europe, thiee climatic regibng weira

" definedt

f. Cohtinental regfon (43 stations). all atatiohs of this area has a
manlmum precipltation  in warmer balf-year (April-September). The anhual
ambunt vairles generally Betwsen 100 and 800 miny,  the amplitude of annual
variation pabges from 5 to 23 per cent. The differehces can be uhderstood
baking intd actount that the locations bfthe stations vary from I3 to 74",

C 2. Pacifre pegfon (12 dbations). The maildui precipitation occuirs in
§1.7 per cent of stations {n the colder half-year (October-Mareh). The an-
Hual amount ranges 300-1900 mi; the ahhual variationg vary mostly froh 6 to
10 per cent Morkh of d4i=N, and 16 to 22 per cent Bouth of 4ie iatitude; rae-
gpettivaly, ‘ ' ) .

3, Atlantie=Gulf region (15 dtationg) is lotated along the coast of
Ablantic Geean and Bulf of Mewico. The Wettest mohth appeairs in 83 per twent
af stationg during the warigr half-yedhy in bther words there ie no thabrat-
teristit arnual course ih precipitation: ' co
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Fry, 3 detonstrates the isochrones of makimum precipihaticn in
eohtinental region. Ih the sbutherimost zone; near I0°N lapltudeithé ’
wettest morbth is May, ih Alaska and in great part of Canada, it is August.

% Hee i AFPENDIX, Table Lt



The relationship between the annual phase of maximum rain and latitude is
expressed by linear regression, as follows:

Y = 2.981 + 0.0749 X. /3/

According to equation /3/ the maximum precipitation is delaying by one
month northwards approximately in every 13 degrees (1/0.0749). The value of
correlation (r) between X and Y is rather high:t r = 0,829.

Additional investigations

The analysis of isochrones of maximum precipitation was performed for
South Asian territory extending from Afghanistan to Vietnam, as well as for
fustralia. From South Asia 73%, from Australia 48 stations were used.

The precipitation regime of South Asia is rather complicated. In
Afghanistan and in some stations of Pakistan the maximum precipitation oc-
curs during the colder half-year, the annual variation ranges between 20
and 46 per cent, so it is rather significant. Approximately south of 10°N

" the annual variation is characterized by double wave with maximum in spring
and autumn, respectively. Those correspond to the vernal and autumnal equi-
noxes. In some areas of monsoon rains the annual variation is characterized
also by double maximum, but in rather irregular distribution. €.g. in North
Fakistan the maximum rain occurs in March and August, in South Fakistan in
January and July, in Bangladesh in June and Auqust, in Burma in May. and
September. Nevertheless the isochrones of saximum monsoon rains shows sig-
nificant regularity, the maximum is delaying northwards in great part of

' Fakistan and In--

?OE %DE - ’q0€ dia, but east of

) ) ?0°E it is delay-
HAWinter ] ° ing eastwards.
<N ma x While in south-

30N

ern India the
" maximum rain is
observed .in June,
towards north-
east it appears
in  July and
August. Near
Bay of Bengal
maximum rain oc-
curs in June or
July, eastwards
a phase display-
ment can be re-
cognized,and the
max imum rain
= shifts to Sep-
Eo .tember or October

20N
A
20N

10N

10N

oN

(Fig., 4).

It is sug-
. ) gested that the
! distribution of
60= 100E the wettest
months in South Asia differs more or less from that in three areas dis-
cussed above. While west of Bay of Bengal the maximum rain delays towards

» See in APPENDIX, Table III and 1V, respectively.



north, on the other hand east of Bay of Bengal the maximum delays eastwavds
and it appears in Octaober over eastern part of Vietnam.

The precipitation regime of Australia can be devided essentially into
two types: approximately between 10 and 305 the wettest months are Jan-
uary, February or March. South of this zone the amuimum precipitation oc-
curs in  June or July, i.e. in winter. The isochrones of summer maximum ex-
hib;t more or less regularity, but their interpretation is outside of our
goal.

Finally, in order to explore mesoclimatic effects, it seems to be
reasonable to examine the precipitation regime of Hungary using data of 750
statiaps (HAJOSY, 1992, Figures characterizing the density of stations in
this area are: 124 square km/station and 11 km/station. Though all the

“wettest months appear in warmer half-year, from west to east one can recog-
nize an . interesting dichotony. From the eastern slopes of Alps ta the
Transdanubian Hills the maximum rain slides from July to August, while east
of lake Balaton it alternates from May to June (Fig. 5).
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This picture suggest that even by using a sufficiently high density of ob-
servations the isochrones of the wettest months provide regularity, and at
the same time the mesoclimatic effects contribute in formation of precipi-
tation regime.

Interpretations of results

The investigation of large scale precipitation regime in Europe, So-
viet Union and North America proves convincingly that far enough from the
aceans the wettest months. are delaying northwards. The correlation coeffi-
rients between the phases of wettest months and latitudes are significant
at 1 per cent level,

This property of the precipitation climate may be explained by the
fact that the principal sources of atmospheric water vapor are provided by
seas or oceans lying south of continents. Dver a great part of Europe the
primary source of moisture is Mediteifranean- and Black-sea, respectively.
For instance for observations in Hungary it has been pointed out that the
largest amount of precipitation occurs at winds from SH, WSH, S5H and SE,
while driest weather is expected at winds from NE and ENE (KOPPARY, 1982}. In
late spring or early summer abundant rain is falling in regions lying close



to the primary source of moisture. After that the soaked soil serves as
secondary source of moisture. It is prabable that increasing transpiration
of growing vegetation in late sping and in summer contributes to formation
of secondary source of atmospheric moisture. The phenological phases of
plants are delayinq towards the higher latitudes during the warm season,
and this fact, at least partly, may explain the delay of wettest months in
higher latitudes over continental ‘areas. Naturally other factors may be im-
portant too in formation of isochrones of the wettest months, e.g. the sea-
sonal change of circulation, however the analysis pf possible factors is
beyond our goal. :

In Boviet Union numerous investigations have been made dealing with
methodology of rain prediction. PED'(1966) assumed that the prediction of the
next decade or month is derived from two sources: fram external one, i.e.
from advection of moisture, and from local source, i.e. from evaporation of
soaked soil or evapotranspiration. According to several researches (IVEREV,
19605 YESAKOVA, 1963; FEDULOYA, 19¢4) the advection of moisture depends on.the inten-—
sity of meridional ‘or zaral circulation. ZVEREY (19¢0) after having analysed
the circulation at 830 hPa level concluded that abundant rain is expected
when 5 wind is blowing. It is noteworthy that south of Soviet Union there
are only two limited primary sources of moisture: Black-sea and Caspian-
sea, at least in western partof the country, butin eastern part of its
Asian territory the primary source of moisture is Pacific acean. After all
the effect of secondary source is evident over whole territory of Soviet
Union.’ ’

In North America #.H. KLEIN (1965} made a profound research relating to
the synoptic climatology of precipitation. He pointed out that different
regians of the U.S.A. obtain the largest amount of moisture from different
directions. The principal source of moisture is Facific ocean on western
coast, that of the largest central region is Gulf of Mexico, in eastern
coast it is Atlantic ocean. The main portion of precipitation falling over
North America originates prabably from evaparation of ocean in low lati-
tudes. Therefore it is very plausible assumption that at the beginning of
warmer half-year the southernmost region obtain abundant rain, then the
soaked soil serves as secondary source of moisture, and the maximum pre-
cipitation shifts gradually northwards as it has been described above.



APPENDIX
Table 1.

l.ist of stations used in Fig 1

Europe
Stations : : ® A Max. v (X)) Class.
1. Vardo 70=23°'N 31°04°E X 6.7 C
- 2. Tromso 69°39 N 16957 'E X 6.7 A
3. Bodo &67°17°N . 14925°E X 7.5 A
4. Trondheim &3°25'N 10027 'E X 5.8 A
S. Bergen 60°24°N 5°19°E X 7.8 A
6. Dslo 5956 ‘N 10244 E VIII © 9.4 c
7. Haparanda . &68°50'N S 24°09E VIII 12.4 c
8. Dstersund . 63°10'N . 14740°E VIII 14.0 C
. 9. Hirnbsand 62°28°'N 15°57°E X1 7.9 A
10. Karlstad 59°22'N . 13°28°E’ VIII 8.9 (
11. Stockholm 59°21°N - 18°04°E . VIII 9.0 c
12. Jénk#ping 57244 N 14=11°E 3 8.8 c
13. G8teborg - 57242 °N- 11°58°E V111 8.5, C
14. Sodenkyl4 67°22'N 26°34'E VIl 10.6 c
- 15. Kajaani 64°17'N 27°41'E Vi1l 9.4 (»
16. Vaasa . -~ 63=03°N 21946 E X 9.1 c
17. Luonetjdrvi 62°24'N 2540 'E VITI 2.5 c
18. ‘Turku _ . 60231°N 22°16°E VIII 9.2 c
19. Helsinki 60212°N 24°55°E VIII 5.2 c
20. Thorshavn 62203 °'N 6745 W X1l 6.5 A
21. Kobenhavn 55°41°'N . 12°33'E 2 ¢1 6.5 c
22. terwick . &0°08'N 1211°W X11 6.6 A
23. SBtornoway G8°13'N "’ 6°20°W - X 6.3 A
24. Aberdeen 57=12°'N 2e12'W X1 4.9 A
25. Aldergrove 54939 N’ 6°13°W VIIgXII 5.4 A
26.. Manchester 53921°N 2°16'W VIII 4,5 A
27. London . 51928°'N 0=19W X1 4.4 A
28. Plymouth 50=21'N 4°07"W X1-X11 6.0 A
29. Gorleston 52°35°'N - 1°43'W X1 . 5.3 A
30. Belmullet 54°14°N 10°00° W XI1 6.7 A
31. Dublin T OE3e22°N 6°21°W Ix 3.7 A
32. Valencia 51°56°N _10°15°W XI1 6.2 A
33. De Bilt 52=06'N S=11°‘E VIII 5.6 A
34. Bruxelles 50°48°N 4=21°E X 5.9 A
35. Le Havre 49231 'N 0°04'E  XI 5.9 A
36. Brest ) 48227 N 4=25°'W XII 8.3 A
37. Paris 48°58°N 2027'E VIII 5.1 A
38. Nantes 47°10°N 1°37°W XI1 5.8 A
39. Bordeaux 44°50'N 0°42°'E X1l 6.7 A
40, Lyon ’ 45=43"N 4957°E -~ IX 5.9 A
41. Toulouse v 43=37'N 1222°E v 4.7 A
42. Nice 43240 °N 7°12°E X1 12.6 M



Table 1

Europe
Stations @ . A Max.’ v (4}  Class.
43. Bastia 42=33'N 9°29°E X 13.6 M
44, Ajaccio 41=35'N 8=48"'E XI1 13.1 M
45. La Coruna 43°22°N 8=22'W X1 11.3 A
44. larago:za 41°39°'N 0=33'W X 5.3 M
47. Madrid . 40°25°N I=41°W X 9.6 M
48. Barcelona 41°24°N 2°09°E ix 8.2 M
49. Mallorca 39°36°N 2°42°E X 15.4 M
S50. Sevilla 37°24°N 500" 111 15.9 A-M
51. Gibraltar 36°09 N S5°21°W 1 18.8 A
52. Lisboa 38°46°N ° 9°08°W If 15.2 A
53. Lilbeck 5354 °N 10°42'E VII-VIII - 4.6 c
54. Hamburg . 53=38°N 10=00°E VIII 6.4 [»
95. Marburg S50°49°'N 82456 E V11l 5.6 c
Sé. Karlsruhe . 49=00'N 823 VIII 4,9 c
57. Augsburg 48°22°'N 10°54°'E 128 8.8 c
58. Partenkirchen 47°30°N 11206 °'E VII 9.4 . c
59. Greifswald . 94=04°N 12=07'E VIl 6.5 c
60, Potsdam C 952°23°N 13°04°E VII b6 [»
61. Dresden -51°07°N 13°41°E - VII 11.3 [od
62. Zdrich . A47°23°'N - B°34°E VII 6.9 [»
63, Genéve 46°12°N 4=09°E Ix S.6 A
&4. Wien 48°15°N 16°22°E VII 6.5 C
&65. Salzburg 47°48°N 13=00°E VII 9.5 [»
66. Graz . 46°59°'N 15°27'E VI 11.3 C
67. Mar. Lazne 49°58°N 12°42°E VIl 5.4 Cc
&48. Praha 50°05°'N 14=25°E 281 11.6 C
&49. Brno . 49°12°N 16=34°'E V1 11,3 C
. 70. Oravsky Podzamok 49015°'N 1°020'E . VII 8.3 [»
71. Presov . 49=00°N 21=15'E VIl 10.1 c
72. Gdynia 54°31°N 18°33°E VIII 8.5 C
73. Poznan 52°25°N 16=50°E VIl 8.3 c
74. Warszava 32°09°N 20°59°E V11 11,2 [»
75. Wroclaw " 51°08°N 16°59°E VIl 8.9 c
76. Kielce 50°51 N 20237 °E VII 9.8 C
77. Krakow 50°05'N 20°01°E vIE 9.5 c
78. Szombathely 47<15°'N 16=36°'E | VII 7.8 c
79. Pécs 46°05°'N 18=13°E v 4.4 c
80. Budapest 47°31°N {9=02'E Y 4.9 [
81. Szeged 46=15°N 2009 °E Vi 6.3 [
82. Nyiregyhaza 47°58"'N 21°43'e VI 7.0 c
83. Baia Mare 47°40°N 23°35°'E VI 5.0 [»
84. Timisoara 45°45°N 21=15°'E VI - 4.5 c
85. Cluj 46°456°N 23°36°E VI 11.9 c
B86. Sibiu 45°48°N 24°09°E "3 ¢ 13,0 [»



114,

115.
116.
117.
118,
119.
120.
121,
122,
12§.

lasi

. Braila

Bucuresti

» Canstanta

Pleven

. Varna

Sofia

'-Sanuanski

Ud:ne
Mxlano
Ancona
+ Rapa
Napagli
Palermn
Caglzari

Thessalonikl
Larxsa ’
+ Athens

L.jubljana
Zagreb
Beograd
.Saralevo
le
T1tugrad
Skopje
Dubrovnik

Luga (Malta)
Tirana

Istambul
Sinop
Samsun
Trabzon
Ankara
Kars
Sivas
Kastamonu
Erzurum

t

47=10°N
45217\
4425\
41N

43=44"N
43=12°N
42942°N

41°34°N '

“ aae02°N
45°28°N -

43237'N
4i=54'N
40°91"N
38“07 N
39°13'N

" 40°34°N
139237 N
37°58°N

46°04°N

4549 °N
448" N
43252 N
43220°N

42"26 N.

42200'N

" 42239°N

35°51°N
41=18°N

40°58'N

.42°02 N

41=17'N
41200°'N
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40°34'N
39245 N
41222°N

I9egEN

Table [
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2
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15758 E
20027 'E
18°26°E
| 21=45°'E
19=16"E
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18°06'E

14929°E
19=48°'E

29°05'E
35°10°E
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39943 'E
32253 'E
43°05°E
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Stations

44

t.
2.
3.
4.
S.
6.
7.
8.
9.

10,

1.
12,
13,
14,
135.
14,
17.
18.
19.

20,

21.
22.
23.
24,
23.
26.
27.
28.
29.
30.

-31.

32.
33.
34.
33.
36.
37.
38.
39.
49,
41.
42,
43.
44.
45.
45,

47.

48.
49.
50.

Aldan’
Alma Ata
Anadyr
Apuka

Archangel

Ashkhabad
Astrakhan |
Baku
Balkhash
Barpaul
Batumi

Blagoveshchensk

Chita,
Chokurdakh
Dudinka
Yerbogachen
Fergana
Shevchenko .
Gur-yev
Ilirney
Irkutsk

Kaliningrad

Karaganda
Kaunas
Kazan

Kem
Kemeraovo
Kharkov
Khatanga
Kiew
{irensk
Kirav
Kishinev
Klyuchu
Kolpashevo
{rasnodar
Krasnoyarsk
Leningrad
Loukhy
Lvov

Novaya Zemlya.

Minsk
Minusinsk
Moscaw
Murmansk

Mis Chelyuskin

Mig Smidta
Nar ‘yan Mar
Novgorad
Novorossiysk

Table I1

List of stations used in Fig 2

Soviet Union

14

5837 N
43=12'N
64°47 N
60°26°N
64°30 "N
37458°N
46°16°N
40°21 "N
46°54"N
$3°20°N
41°45°N
50°16°N
§2°01 N
70°37 N
69°24°N

&1°16°N

40°23°N
44°33°N

47°01'N

67°20°N
52=16°N
- 54°42°N
49°48°N
. 94553 N
55247 ‘N
55200 °N

95°23°N
49=56°N

71=50°N
S0°24°N
37°46°N
S58=39°N
47=01°N
96°19°N

58=18°N .
45°02°N .

56°00°N
59°88°'N

6603 N

49°49°N
72°23°N
. 93°32°N
©93=42°'N

S59°45°N |

6858 N
77=43°N
68=5G5'N
67239 °N
58°21 N
44=42°'N

A

125°22°E
76°56 '€
"177°34 €
169°40E
40°30'E
58°20°E
48°02'E
49°50 'E
75°00°E
83°48°'E
41°40°E
127°30°E
113°20°E
147°53'E
86°10°E
108=01'E
71245'E
50°17'E
51°51'E
168=11°E
104=19°E
20°37'E
73°08B'E
25953 'E
49=11'E

34=48'E

86°04 'E
36°17°E
102°28°E
30°27'E
108207 E
49937°E
28°52°E
160°50°E
82°54 °E
39209 '€
92°53'E
30°18°E
32°59°E
23°54 '€
52044 °E
27°32°E
91°42°E
37°34°E
33°03°E
10417 °'E
179°28°E
53°01°E
31°15°E
37°48°E

Max.

vII
v
VI1I
VIII
IX
111
v
VIII
VI
VII
1X
Vi1
Vi1
VIII
VIIl-

 VII

111
Vi
vII
VIl
VIl
VII
VIl
vII
VIl
VIII
VIi
vII
VIII
VII
ViI

VIIL

vl
XI1
VIII.
V1
VIl
VIII
VIII
VII
IX
VIl
VII

VII-VIII
VIl

VIII
VIII
VIII
VIII

XI1

v (%)

13.25
12.56
14,23
10.21

7.05"

20,48

6.84
10.92
13.04
13.15

?.30
19.66
26.53
11.72
14,98
16.10

14.79

7.69

7.32° -

20,39
20.52

?.02
11.72

7.10

10.80
%.88
17.05
8.28
12.16
5.69
15.75
8.92

12.76 -

6.58
14,10
4,38
17.66
9.30
10.27
10.08
7.25
9.40
18.04
8.00
11,70
4.76
8.44
11.90
10.67

&6£.54 -

Class.
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Table II

Baviet Union ¢
Stations ¢ ) A Max. v ) Class
S51. Odessa 46=29°N 30=38°E VI 6.43 'C
92. Okhotsk 59°22°N 143=12°E . Vi1 15.61 c
53. Olenek 48=30°'N 112=346°€ VI 17.45 c
94. Omsk. 54=86°N . 73°24°'E VI1 20.31 c
83. 0. Dickson . 73°30°N 80~14°E VIII 13.91 €
856. Petrozavodsk 61=49°'N 34=14'E VII 10.73 c
57. Podk. Tunquska 61°36°N - 90°00°E VIII - 10,62 c
98. Pyatigoksk 44=03'N . 43°02°E VI 13.28 C
59. Rostav-n.Donu 47=19"'N 39=49E 12 3.38 c
0. Simferopol 43=01°N - 33°89 'E vI ) 8.33 c
é1. Surgqut 61245'N ° 73°30'E VIl 9.96 C
462. Gverdlovek - B&°44°N 61°04°E VII-VIII 14,07 C
63. Syktyvkar 61°40°'N 50°31'E VIIgIX ?.96 C
&4. Thilisi 41°=41'N 44°57°E v : 10.92 c
&5. Uzhgorad 48°38°'N  22°16'E - VI 9.50 C
b4, Volgograd 48=42°'N 44=31'E VI 4.92 C
Table III
List of stations used in Fig 3 -
North America
Stations . @ A Max. v (%) Claes.
1. Barrow : 71°18°N | 156=47°W VIII 18.2 C
2. Barter (Is.) 70=08"N . 143°38°W VIII 14.4 [
3. Kotzebue 66°52'N 160°38°'W . VIII 23.1 c
4. Fort Yukon - 66°33°'N - 145°18'W VIII 10.9 C
S. Fairbanks 54=49'N -147°37 ‘W VIII 17.4 [
6. Nome 64°30°N 163°20°W VIII 17.4 C
7. Kodiak - 57=30°N 152=45'W X1 9.6 - P
8. Anchorage 61210°'N. - 149°59°W VIII 14.4 c
9. Juneau 58=22'N 134°35°W X 10.0 P
10. Anette (Is.) 53=02'N 131=34°W X 9.5 P
11. Alert 82°30°N 62°20°W IX 16.2 c
12. Isachsen - T 78°47°'N° 103°32°W VII 20.3 c
13. Resolute ) 74°43'N 94e59°W - VIII - 23.46 c
14. Arctic Bay 73=00'N 85°18°'W - VIII 13.8 c
15. Coppermine 67=49'N - 115=05'W VIII 14.4 C
16. Coral Harbour 64=12°N 83°22°W VIIl 11.7 c
17. Forth Smith 60=01°N 111°58°W VIl 10.9 C
18. Churchill ) 58=45°N 94°04 "W VIII 9.7 c
19. Trout Lake 93°50°N - 89°52'W VIl 13.6 C
20, Winnipeg 49=54°'N 97°15°'W VI 11.46 c
2t. Vancouver 49=11 ‘N 123°10'W XI1 10.3 P
22. North Bay 46°22°N 79°25°W IX S.4 A-B
23. Montreal 45°30°N 73°35'W - VII 2.5 C-A
24, Halifax 44=39°N 63°64"Y XI 3.5 A-G
2§. Tatoosh (Is.) 48°=23°N 124=44°W XI1 12.0 P



Table Il

. Narth America

Stations [/ A Max. v (%) Class.
26. Fortland 45°32°N 122240 W X1l 16.5 P
27. Eureka 40=38"N 124°10 W 1-X11 16.7 P
28. San Francisco 37°47'N 122°45'W 1 21.9 P
29. Los Angeles 34°03°N 118=14 W 1 21.2 P
30. Salt Lake City 40244 N 111°58°W v 9.0 P
31. Denver 39°44°N 104°53 "W Y 15.0 c
32. Rena - 29°30°N 119247 W 1 14.4 P
33. Phoenix 3I3026°N 112°01°W _ VIII J18.1 A-G
34, E) Paso 31°48°N 106°24°W Vi 12.9 A-G
35. Duluth ~ 46550 N 92°11°W VI 11.4 c
36. Bismarck v 45=46°N 100°45 W VI 20.0 C
37. Kansas City 39207 ‘N 94°35 W Vi 9.7 c
38. Havre 48°34°N 109°40°W VI © 19,2 C
3%. Amarillo ' 3I5°14°N 101°42 "W v 13.9 c
40. Buffalo - T A2°S4°N 768244 W XI 2.9 A-G
41. Detroit 42024°'N 83°00'W v 4.8 c
42, Chicago 41247 "N 87°47°'W v1 7.4 c
43. Indianopolis 39244 N B4°17'W vI 5.0 . C
44, St. Louis 38=48'N 92°12'W VI 7.7 C
45. Caribou 46°52°N 68=01"W VIl 5.6 c
46. Mt. Washington 44=16°N 71°18'W X ‘2.4 A-G
47. Farkersburg 39°16°N 81=34°W VI 5.7 C
48. Nashville 36°07°N 86°41°W 1 7.0 A-G
49. Atlanta : 3I3°39°N 84=25°W 111 ‘6.2 A-G
50. Boston 42=13°N L 71°07°W XI 2.6 A-G
51. New York _ 40°47°N ) 75°58°W VIIL 3.8 A-6
52. Washington 3831 N 77°03°'W VIII 5.9 A-B
53. Memphis 35203 N 89°58"'W 1 5.7 A-G
54. Little Rock 34244 N 92°14°W v 5.0 C
5S. Dallas 32°51°N 96°51 ‘W v 8.4 c
S&. New Orleans 29257 °N 90°04 W VIl 5.4 A-G
57. Houston 29°46°N 95°22°W VIl 6.1 A-G
58. Miami 25=48'N 80°16°W X 10.9 a-6
59. Clyde 70°27°N 48°33°W IX 18.4 C
60, Cambridge . 69°07°N  105°01°W VIII 14.8 c
61. Frobisher &3°45°N 68°33°W V11 10.7 c
42. The Pas " 53°58°N 101°06 "W VIl 11.2 C
63. Edmonton 53°34°N 1132314 VIl 13.7 C
64. Saskatoon - 52=08°N 106°38°W VIl 12.8 c
&5. Goose 53°12°N 70°54°'W VIII 4.2 C
b6. Nitchequan 51°16°N 80°39 W VII-VIII 10.2 c
67. F. Chimo .. 50°06°N 60°26'W VIII 10.5 c
48. Dawson 64204 ‘N 139=26W vit ! 13.0 c
69. Boise 43°34°N 116°13°W 1 10.3 P
70. Lander 42°49°N 108°44 ‘W Y 16.2 c



Stations

1.
2.

20.

26.
27.
28.
29.
30.

31,
32.
33.
32,

35..

3b.
37.
38.
39.
40.
a1.
42,
43,
44,
45,
46.
47.
48.
49.
50.

Salang
Kabul
Herat -

-Kandahar

Ravalpindi
Quetta
Dalbandin
Peshawar
Lahore
Multan
Jacobabad
Hyderabad
Pasni
Karachi .
Gilgit
Leh
Simla -
Darjeeling’

. New Delhi

Jaipur
Jadhpur

; Bhuj -

Ahmadabad
Veraval
Patna
Allahabad
Calcutta
Bombay -
Mangalore

Kozhikode (Calicut)

Indore
Nagpur .
Jagdalpur
Hyderabad
Belgaum
Bangalore
Cuttack

Vishakhapatnam
-Madras

Trivandrum
Dibrugarh
Gauhati -

Cherrapunji-

Port Blair
Minicay -
Trincomalee
Colombo
Bagra

Dacca
Chittagong

Table IV

South Asia.

N’

35=21°N

.34°33°N
34°20°N
31°30°N
33°35'N
30°11°N
28°53°'N
34201 °'N
31e33°N
30°12°N
28=18°N
25923'N
. 25°16°N

. 24°48°'N
-35248°N
34009 N

T 31206 N

27503 °N

- 28°35°N
26°55'N
| 26°18°N
. 23=15°N
23°04°N
20=54 N
25°37°N
25227 °N

. 22°32°N
18=54 'N

- 12°54°N

“11et5°N

22°43°N
- 21206°N
19°05°N
17°27°N
13°51°'N
12°58°N

20247 N’

17=42°N
13°00°'N
8°29°'N

- 27°29°N
26°05'N

' 25°15'N
11=40°N
8=18'N
8°35'N

- &°54°'N
" 24°51°N
23=46'N

22°21°N

* i
List of stations used in Fig 4

‘A
&9°07 'E
§59°12°E
&2°10°E
65°45°'E

"73°03°E

&7=00°E
64°34°E

71°35°€E -

74°20°E
71=26°E
68=28°E
68=25'E
63°29°E
66°39°E

74=00°E - -

77°34°E
77=10"E
88=10'E

C77°12°E

75°52'E
73=01°E

69°40°E

72=38°E
70=22°E
85°10°E
81°44°E

88=20'E -

72°49°E
74=31°E

. 75°47'E.

75°48°E
79°03'E
82202 'E
79°28°E

, 74=37°E

77°35'E
85°G6'E
83=18°E
80°=11'E
76°57'E
95°01°E
91°43°E
91°44°E

.93°43°E
C73°00°E .

81°15°E
79°52°E
89°23'E

90°23°'E
91°50°E

v
IIt
IIt

TVIIT
11

VII

VII

VIl
VIIL
VII
VIII
VIl

VI

vIil
VIII

VII

28!
VII
VIII

VIIL

VIl
VIIT °
VII -
VII |

Class.

3333.,3333333'333332333333333338838222

a
-
x - .
1]

= 4K -

mixed
mixed

= g = =

double
" double

N

47



Table IV

South Asia

Stati?ns 17 . A Max. Class
S51. Bhamo . 24=16'N 97°12°E VII-VIII M
52. Mandalay 21°59'N 96°06°'E V-1X M
53. Akyab . 20=08°'N 92°53°E VIl M
S54. Rangoon 16°446°N 96°10°E VIl M
55. Tavoy ; 14=06"N 98=13'E VI M
56. Mergui 12926°N 98°346°'E VIl M
57. Chiang Mai 18247°'N . 98°59°'E 1X M
58. Phitsanulok 16°50°N 100°16°E IX M
59. Nakhan Rathchasima 14458 N 102°07‘E IX M
&40. Bangkok 13245°N 100=30"E IX M
61. Chumphon 10°27°N 99°15°'E XI mixed
62. Songkhla 7°11°N 100°37'E X1 mixed
63. Kuala Trengganu ’ S°20°N 103=08°'E ITI-XI mixed.
64, Pinang ) i 5°18°N 100=16°E v-X mixed
&5. Ipoh 4=34 N 101°06°E IV-X1 mixed
‘66, Battambang . 13°06°N 103=12°E IX M
&47. Phnom Fenh 11°33°N - 104°S1°'E © X M
&8. Lao Kay 22°30°N 103=57°E 1X M
49. Hanoi : 21°02°N 105°50°E VIII M
70. Dong Hoi 17°29°N 106°56'E X M
.71. Patl-lsles : 16°33°N " 111°37'E X M
72. Guang Ngai ’ 15=08"N 108°30°'E X1 i}

48

73.

Ho-si-Minh . 10249 N 106°42°E VI-X double

Legend: W = Winter max.
M = Monsoon
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CYCLES AND QUAS.I-PERIODICITIES' IN THE GLOBAL DISTRIBUTION
OF SEA-LEVEL PRESSURE

by

L. MAKRA

Ciklusok és kvdziperiodicitdsok a tengerszinti légnyomds f8ldglmbi eloszlasaban. A dolgozat azt -
lemzi, hogy a légnyomiseloszlds meridiondlis fBldgbmbi profiljdt hiny harmonikus Bsszetevd hullde frja le
megbizhatoan, tovibbd, hogy kimutathatdak-e ciklusok, illetve kvaziperiodicitdsok a tengerszinti légnyomas
iddbeli menetében a Fdldin. A redlis periodicitdsokat statisztikai szignifikencia-vizsgdlat sepitségével
hataroztuk meg. Az évi és félévi ciklusokat vektoridlis forodban kbz81tuk.

Megdllapitotiuk, hogy a légnyomdseloszlds ameridiondlis f8ldgbmbi profiljdnak 1. és 2. harmonikusa
jol tlkebzi a tengerszinti légnyomas egyenetlen eloszldsdt a két félteke kdaBtt. A harmadik harmonikus
- nely a globdlis légnyomdsi mezd dllandé vondsait sutatia - kisebb stlyd tényerdl. Az Bsszes tovdbbi harao-
nikus jelentektelen a profil kialakitisdban. A tengerszinti légnyomds évi és félévi ciklusainak vizspdlata
- eltérd adatbAzison - lényegében ugyanazokra a kbvetkeztetésekre vezetett, melyekre HANN és SURING (1939),
illetve HSU és MALLACE (1976) jutottak. R tengerszinti légnyomds idBsorok harmonikus analizisével kapott
periadikus 8sszetevd hulldmok statisztikai szignifikancia-vizsgdlata alapjdn leszdgezhetjlik, hogy a tenger—
szinti légnyosds iddbeli menetében a Fildbn csak kétféle ciklus létezik: a jellegzetes 12 havi 6s a kevés-
bé markdns 6 havi. Szdmos szerzB altal mindezidaig megdllapitott nagy szamd és jgen ki)8nbbz8, statisztika-
ilag szignifikdnsnak tekintett egyeb periddusok adatainkban nem tapasztalhateak. A leggyakrabban kutatott
periodicitdsok - a 11 éves napfoltciklus, a troposzférikus kvazikétéves (leginkdbb 26 hénapos) oszcilldcid,
s a Deli Oszcilldcid - a tengerszinti légnyomds iddbeli menetdben nem tlkrdzddnek. .

The study analyses how many harmonic component waves describe the meridicnal global profile of
sea-level pressure distribution reliably; in addition, it analyses whether cycles or quasi-periodicities
can be ‘found on the Earth, in the temporal course of sea-level pressure. The real periodicities are deter-
ained by a statistical significance test. The yearly and half-yearly cycles are presented in vectorial
form.
' It has been established that the 1** and 2" harmonics of the meridional global profile of air
pressure distribution well reflect the uneven distribution of sea-level pressure betwcen the two hemi-
spheres, The 379 harmonic, shich shows the steady features of global air pressure field, is a factor of
lesser importance. All the further harmonics are unisportant in the formation of this profile. The investi-
gation of the yearly and half-yearly cycles of sea-level pressure has essentially led - on a differcnt data
basis - to the same conclusions to which Hann and Slring (1939), as well as Hsu and Hallace (1976) had
came, On the basis of the statistical significance test of the periodical component waves obtained by a
harponic analysis of the sea-level pressure time series it can be found that on the Earth; in the teoporal
course of sea~level pressure, there exist only two kinds of cyclest the characteristic 12-gonth and the
less sharp é-manth one. Consequently, the great number of, and very different, periodicities pointed cut in
the tesporal course of sea-level pressure and considered to be statistically significant by numcrovs
authors, are probably not real ones. The most frequently investigated periodicities - the tl-year sunspat
cycle, the tropuspheric quasi-biennial (mostly 2b-sonth) oscillation, and the Southern Oscillation - are
not reflected in the temparal course of sea-level pressure.

1. Object

The following questions arise: how many harmonic  component waves do
describe the meridional global profile of sea-level pressure distribution
-reliably, and what are the monthly and yearly courses of thelindwidual
component waves like? The first of the questions can be put with other
words: how great a proportion of the full variance of the zonal monthly and
yearly means of sea—level pressure can be explained by the firgt few har-
monics? 1f this proportion 1s considerable, then producing further
harmonics is unnecessary.



It will be examined, moreover, how the data base reflects the cycles
and quasi-periodicities of sea-level pressure, which - in case of their
reality - are of great importance from the point of view of long-range
forecasts. The real periodicities will be determined by a statistical sig-
nificance test. The yearly and half-yearly cycles will be presented in
vectorial form.

2. Introduction

Besides the evident daily and yearly cycles, in sea-level pressure
time series an astonishingly wide range of other periodicities have also
been established. In the North Atlantic area, in surface and sea-level
pressure time series periods of 2, 3.5-4.0, 5-6 and 11-12 months (ANELUNG,
1962; LANDSBERG et al., 1966; BERKES, 1968; LOGINGY and SHUKHOWOZOVA, 1972), furthermore periods
of 4-5 years (LANDSBERG et al., 1966; SCHONHIESE, 1949, 1971), as well as of 5-§ years
(HAGNER, 1971; MICHELCHER, 1981) and of 21 years (WAGNER, 1971) have been discovered. In
the Southern Hemisphere, in the time series of the air pressure differences
between January and July, cycles of 3, 5, Il and I8-years can be found
(KHAMINOV, 1966). By the harmonic analysis of the Southern Oscillation Index
TRENBERTH (1976) obtained a period of 3-¢ years. The semi-annual mean zonal
index af given temperate-belt latitudes (35-55~), derived from monthly mean
500-hPa charts, shows 5,5- and I10-year periods (WA, 19643). In the intensity
of the meridional circulation over the tropical Facific Ocean FU (1979) found
a fluctuation of 32-48-month periods, PECIELY (1978) determined the same period
in the time series of pressure anomalies over the subtropical zone of the
South Facific, and over the equatorial zone of the Facific Ocean. ANGELL and .
KORSHOVER (1968) suppose that between latitudes 30°N and 305 the periodicities
of the two hemispheres are fundamentally in phase; in addition, they estab-
lish that in winter and spring there is a period of about 16 years at the
300)-hPa geopotential level over the Narthern Hemisphere in the changes of
meridional cutrrent, heat flux, zonal wind and temperature. By the harmonic
analysis of the aridity index series over certain areas of India, BHALME and
JADHAV (1983} discovered statistically significant quasi-periodicities of 1.3-
6.6, 10 and 20 years, Of these periods, the first two are close to the
modal peaks of the Southern Oscillation, suggesting that the oscillation of
the aridity indexes can be brought into connection with the large-scale
changes in dir pressure over the Indo-Pacific. The other two periods (the
10~ and the 20-year ones) are close to the ll-year sunspot cycle and the
22~year double sunspot cycle.

3. Data

The data basis of the study consists of the monthly mean sea-level
pressure values of 247 stations referring to the 30 years between %5/ and
1980 (Fig. 1). : '

From 17 stations - since they have incomplete data - we have uniform—
ly taken into consideration the monthly mean values of the 23 years between
1958 and 1980 into. Among the stations there are weather ships (39., 65.,
66., B5., 91. and 10R.), 'buoys (166. and 184), and there are interpolated
data (84., 150., 198., 203., 208., 215., 236., 237., 245. and 247.) as
well. We have collected the pressure data series on the basis of the data
of the volumes “World Heather Record”, as well as the mean sea-level
pressure charts of monthly publications “Monthly Climatic Data for the
Horld” and “Die Hitterung in Ubersee”.

The global distribution of the stations is relatively equal, but it
is to be mentioned that, e.q., there are no data from China'at all, and the
number of stations is small in Siberia, as well as over the Pacific Ocean,
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furthermore, in the temperate-belt and polar regions of the Southern Hemi-
sphere, too. The zonal distribution of the stations is included in Table 1.

Table 1

Zonal numbers of stations

?0-80= N 2 0-10= § 17
80-70° N 14 10-20° § 13
70-60= N 17 ! 20-30° § i9
&60-50= N 24 30-40° § 14
S0-40°= N 27 40-50° § 7
40-30° N 24 50-60° § 7
30-20° N 18 60~70= § S5
20-10= N 22 )
10- 0° N 17

. Northern Southern

Hemisphere 165 Hemisphere 82

‘Earth 247

The distribution of the stations accofding to height above sea level
. is also determined (Table 2).

Table 2

Percentage of stations found lower
than a given height above sea level (m)

S0 m < 66.40 %
100 < 79.76
200 £ 88.26
300 < 89.88
400 < 93.52
S00 < 96.35

1000 < 99.18
1300 < 100,00

Results

The first five harmonic components of the samples, and their sums,
consisting of the morthly and yearly means of sea-level pressure, by 10°
latitudes have been determined. 0f them, those of the central months of
each season, and those of the year are presented (figs. 2a, b, ¢, d, e).
Investigations with similar purposes have already been performed by KAUFELD
(1972) as well. The monthly mean sea-level pressure values, oy 10" latitudes,
forming the basis of his investigations, had come from the data of the
International Geophysical Year (IGY) - i.e. from the sea-level pressure
values of ‘globally 1,452 grid points measured at 1200 GMT daily between
July 1, 1957 and December 31, 1958. In this way KAUFELD (1972} produces and
analyses the first 4 harmonics af the meridional profile of global sea-
level pressure by 10° latitudes.

According our computations it is sufficient to produce the first five:
harmonics of each sample, (the 5%~ one will not be graphically published
now) for these five components explain 87-90 per cent of the total variance
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Fig. 2a The first four haraonics (1, 2, 3, 4) and thejr sum (1-4) of mean sea-level pressure,
counted froa the averages of mean monthly values at each 10*” degree of latitude, January

of the original samples (Table 3). The statistical significance of the
amplitudes for the harmonics of the individual samples is indicated by the
ratio A/E, where A is the amplitude and E is the mean value of the ampli-
~ tudes. (A,./E measures the statistical reality of the amplitudes of the
firet harmonic components for each I8-element samplej A. /£ shows the stat-
istical reality of the amplitudes of the second harmonic céompaonents for the
same samples mentioned above, etc..) The 4¢*» and S5$*” harmonics, e.g.
contribute to the total variance of the individual samples (Table 3) in
approximately the same and already an extraordinarily slight degree; conse-
quently, "they have little role in the modification af the meridional
profiles of the monthly and yearly global mean sea-level pressure - as it
is reflected by the graphic picture of the 4¢" harmonic as well (Figs. 2a,
b, ¢, d, e). ’ : .

" Table 3

Cumulative variance and statistical significance
of harmonic- components

explained Are/E Ay /E  AJ/E  As/E Ay /E
 ¢var}ance
January 0.904 2.389  1.448  1.533 0.3 0.301
April - 0.878 1.819  2.086 1.477 0,292 0.359
‘July |  5.878 1.880 2.302 1.0S51 0.106 0.330
October 0.874 2,161  1.854  1.308. 0.172 0,410
Year 0.886 ° 2,068 1.971 1.348 _ 0.261  0.31%9 .

/
The italicized values are significant at the 93 per cent level

4]

RN

w



hPa
1020+

1015+
.1010—
1005+
1000

9954

990~

1 T 1] T ¥ T T T T T T T T T T l. L1 T I'
0N 60N 30°NV o 30°S 60°S - 90s
'Fig..2b The first four harsonics (1, 2, 3, 4) and their sur (1-4) of Bean sea-level p}essure,

counted from averages of mean monthly values at each 10" degree of latitude, April

The sum - of the first four harmonics clearly shows. the most marked
characteristic of the global distribution of sea~level pressure, i.e. the
extraordinarily powerful decrease of °air pressure in the southern hemi-
spheric westerlies, in the subantarctic pressure trough. The subtropical
high-pressure belt in the Southern Hemisphere is similarly characteristic,
especially in the summer and autumn of the Northern Hemisphere. Its north-
ern hemispheric counterpart is more characteristic only in winter, but in
summer it disappears, and is, also in yearly average, less developed than
the southern hemispheric one. The equatorial depression is the weakest in
the summer of the Northern Hemisphere; in the other seasons of the year, as
well as in the yearly average it definitely deepens. In spring and summar,
in the polar region of the Northern Hemisphere, high pressure is more char-
acteristic than in the subtropical belt. Air pressures are about equivalent
over the two regions even in the yearly average, and the subtropical area

-has a higher pressures only in autumn and winter. In the temperate belt of
the Northern Hemisphere, sea-level pressure huas a local minimum, which
exists during the whole year, but is the most characteristic in spring. The
reason for this is that under the influence of increasing radiation the
contrast of temperature between oceanic and continental surfaces, as well
as between the regions of the lower and the higher latitudes increases
greatly. That increases the pressure-gradient, so the intensity of the
westeriies grows in this areaj which brings about a more powerful decrease
of pressure in the temperate belt.

The first harmonic shows the fact that air pressure is higher in the
Northern Hemisphere than in the Southern Hemisphere. In summer the maximum
is between the latitudes 10“N and 20°N, in the other seasons and in the
yearly average it is between the -latitudes 20“N and-30°N. On the other
hand, according to KAFFELD's calculations (1972) the maximum in the annual mean
can be found near the latitude I[I°N, i.e. in the vicinity of the thermal
equator. In the KAUFELD's study (1972) the first harmonic indicates the fact
that in lower latitudes air pressure is higher than over higher latitudes.

The second harmonic mostly shows the disproportions between the
Northern and the Southern Hemisphere. Its maximums are not symmetrical to
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Fig. 2c The first four harsonics (1, 2, 3, 4} and their sun (1-4) of mean searlevel pressure,
counted from averages of mean wonthly values at each 10*” degree of latitude, July
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Fig, 2d The first four harwonics (1, 2, 3, 4) and their sus (1-4) of mean sea-level pressure,
counted fron averages of sean monthly values at each 10*" degree of latitude, October
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the equater, but seasenally and in the yearly average alike they shify
nerthwards approvimately by 20 degrees., In the ysarly average, KWFELD (1972)
came te the same conelusien. In epring and summer the amplitude of the
secand harmenic is bigger than that ef tha first harmonigy in autumn and
winter iV is emallery and it ie amaller in the yearly average, too, where
KAUFELD (1972) qat.a cantrary result. The amplitude and the phase of the third
harfienie are the meet evable both spasenally and in the yearly avarage, It
is almost eymmetrie te the equater, and shows the parmanent glebal air
pregeure distributions an equaterial low=pressure btreugh, subtrepical high=
pressure zenes in the area of the latitudes J0¢, subpelar lew=prassure
belts in the neighbourheed ot the labtitudes 40°, and pelar high=pressure
areas. A8 regards the yearly avaraga, KAUFELD (1972) came to the same
ganclusion,

The rele af the 4¢” (and of eaeh further) harmenic (and that of the
4th compenent accarding to KAMFELD'e caleulations (I972) as well) in the
ferming of the meridienal profiles ef the monthly and yearly sea=level
pressure {8 =in aceordance with the earlier results = net wsignificant
(Figs, 28, b, ¢, d, a) Table 3),

Bummarizing the facts mentioned abhove, the tirst and escend harmenie
components well reflect the uneven distributien of sea=level pressure be-
tween the two hamispheres. The third harmenic component, which shews the
" parmanany features of glaebal pressure field, is a fagtor carrying lees
waight, .
: Yon HAKN and SURING (1939) summarized the main results of the earlier werks
dealing with the annual ceurse of surface pressure, as follews, Over the
equaterial areas, the annual chenge is very elight. 1n the higher lati-
tuden, the ennual ehanpe can ba put into three main hypaal 1+ eontinental
type, which is eharacterized by a pressure maximum in winter and a pressure
minimum in summari 2. with the veeanic type, the mawimum is in. eummer, the
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Fig, 3a Awplitude and phase of the annual cycle of sea-level pressure, Northern Hemisphere

minimim is late in the autumny 3. and with the arctic and subarctic types,
the maximum occurs in April or May, the minimum in January or February,
with a secondary maximum in November. K The HAWK and SORING's classification
. system, which was mainly based on the data of northern hemispheric sta-
tions, has essentially been verified by the latest descr‘ip?iuns, too, .
Comparing the middle-latitude regions of the oceans, as well as the
polar areas of the Southern Hemisphere with the zone between the latitude
50¢S and the Antarctic coastal district, the semi-annual cycle shows an op-
posite phase in the annual course of air pressure. This phenomenon, which
is well reflected in our data as well (Figs. 2a, b), has already been de-
scribed by several authore (e.qg. VOMINCKEL, 1955a, 1955by SCHHERDTFEGER and PROHASKA,
19563 HSU and WALLACE, 1976). In monthly mean sea level-pressure time series
interpolated to qrid points, HSU and WALLACE (1976) have analysed the glabal
distribution of the annual and semi-annual cycles, and published them in a
vectorial form, :
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Fig. 3b Asplitude and phase of the annual cycle of sea-level pressure, Southern Hemisphere

After removing the linear trends, sea-level pressure time series of
each station have been subjected to a harmonic analysis. The method has
- already been described by a number of authors.Among them HANED et al. (i986) of-
fer a very clear and concise survey of the harmonic apalysis. For deciding
the reality of an amplitude belonging to a definite 'length of perind, the
same authors (HANED et al., 1987) give such limits - by the aid of the Monte
Carlo method - that the probability of amplitudes greater than these limits
is already very. little: 10, 5, or I %Z. In our procedure of decision the
significance of the amplitudes haves been found on the basis of these
limits. :

The amplitudes and phases have been plotted in a vectorial form
(Figs. 3-4), where the length of the arrows indicates the amplitude of the
yearly cycle, and the direction shows the phase. When plotting, the mid-
point of the amplitude length belonging to the given station (or rather to
its pressure time series) gets onto the geaographical coordinates af the
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Fig. 4a Awplitude and phase of the semi-annual cycle of sea-tevel pressure, Hortherd Henisphare
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station., The interpretation of thz phase is as follows. If an arrow points
from the north towards the south, it indicates maximum in the annual cycle
on 1 January; if it points from the east towards the west, it indicates
maximum on 1 April, etc.. Thus the arrows revolve clockwise, about I°
daily. It must be remarked that with this phase interpretation an arrow
which points from the north towards the south indicates in the Northern
Hemisphere a winter maximum, at the same time it shows in the Southern
Hemisphere a summer maximum, etc.. The interpretation of the phase is the
same for the semi-annual cycle, with the limitation that in the extreme
paints of the vectors there are no arrows. If, in this way, a vector shows
in north-south direction, this indicates a semi-annual cycle the maximums
of which are on 1 January and on 1 July; if it shows in east-west direc-

tion, then maximums occur on 1 April and on 1 October, etc.. ThlS interpre- .

“tation has been applied after HSU and WALLACE (1976).

The amplitudes and phases of the annual cycle can be seen in Fig. 3,
while those of the semi-annual cycle are shown in Fig. 4. (Supplements.
Figs. 3a, b: the amplitudes smaller than 0.5 hPa are denoted by empty
circles. fig. 3c: the amplitudes smaller than 0.2 hPa are denoted by empty
circles. Figs. 4a, b, c: the amplitudes smaller than 0.1 hPa are denoted by
empty circles. The stations at which the second harmonic of the annual
cycle is greater than the first harmonic, are shown by thick circles.)

On the basis of these Figs. 3-4.the establishments are as follows:

~ The continental type described by HAN and SHRING (193?) is characteris-—
tic over all the contxnents, in subtropical and temperate latitudes of both
hemispheres, ) o .

- HAWK and SORING's c)lzeanic type can be shown only for the oceans of
subtropical and temperate latitudes of the Northern Hemisphere. A tendency
from the maximum of late autumn to that of the winter can be observed over
the subtropical oceans of the Southern Hemisphere, where the amplitudes of
the annual cycle are considerably smaller than over the neighbouring conti-
nents.

- Over the polar argas of the Northern Hemisphere it is the tendency
of a maximum late in summer that. can be seen in the annual cycle, in con-
tradiction to the HAWM and SURING's conclusion, as well as to the conclusiom of
HSU and WALLACE (1976), who have established here a tendency to a spring maximum.

~ Over the Southern Hemisphere’'s oceans of temperate latitudes as

- well as oaver the -Antarctic coastal region a characteristic semi-annual

oscillation can be observed, Between the latitudes 40 and 50°3, at. the

time of the equinoxes a tendency. referring to a maximum can be found, while
south of the latitude &0°S maximums occur in the periods near the sol-
stices. This semi-annual oscillation of different phases, taking place

between the temperate and higher latitudes of the Southern Hemisphere had.

already been pointed out by a number of researchers previously, as we have
already referred to this in what has gone before. (Although the network of

stations is extraordinarily sparse in this area, .yet it is sufficient for

us to point out this phenomenon over most of the Southern Hemxsphere s area
mentioned above.)}

OQur results - apart from the third establlshment - show good agree-

ment with the HAHN and SURING's results(!ﬂ?h as well as with the HSU and WALLACE's
conclusions (1976).

The statistical significances of bath the annual and the semi-annual
cycles of sea-level pressure, as well as those of all the ather periodic
\component waves have been investigated station by station. The investiga-
tion referred to n/2-1 component waves at each stations -~ from the 2nd to
the (n/2)rd periodic comporient - where n is the number of the ‘elements in
the sample. (The number of the monthly mean sea-level pressure values in
the perxod taken 1nto consideration.) .

s
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Fig. Sa The 12 monthly cycle of.sea-level pressure, by stations;
® = significant, O = pot significant .

Fig. 5b The & monthly cycle of sea-level pressure, by stations;
® = significant, O = not significant
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The annual eyele was nat eharactorintie anly with 13.4 % of the ata-
tiona, The areas of these are in tho nouthern basin ef the Pacifie Ueaan,
in the regiens eof Indonpsia and Gontrol Ameriea, an well as in Western
Burepe and the Daltic eeuntrimes (Fig, Sa). Tha demi-apnual eyele is net to
ho feund in J0.1 % of the statiens. It in neat shewn at all im the whola
basin af the Facifie Osean, iR Eurepn, tho palar rogions et the Northern
Hemisphare, Auatralia, the Indian subeARtiAORE, and in a cansiderabla part
af Bouth Ameriea (Fig., 5b), figniticant poriedicities of 11 and 13 mantho
havo hoon faund in 19,4 % ef all gtationd, Thaoe are parts of the anAual
eyelo, and 2o thay cannet be eencidorod to be complately indopondont.af
that, The ld4-month peried was statistically nignificant 1A 2 cnson, the
4=meAth ene in 6, the 2-month one in 4 canaoy ethear perieds were statistie
cally renl on | eecoeion eaeh, altogothor in 7 cases, that 16 tho porieds
montioned abeve ware only signifiecant altogather in 6,5 %X ef tho ntatipne
eraminod, On the basis af thase reoults it ean generally be ootoblichod
that in the temporal eourne of glebal non~leval prossure thera oxiat only
twe kindn ef eyeless. tho charaetoriatie I2=nonth, and theo leoo marked
é=nonth ene. There is ne othar paeriedicity. Cenpoguontly, tho groat Aumbor
ef, ond rather different, perieds peiatod eut in tho tomperal eoursn of
sea=lavel preasura, and considered te bho atatintienlly oignificant by
Aumereus authera, are prebably net’ roal onan. Tho most fregquontly aonrched
perieds = the Il-year oungpet cyela, tho strepoopherle  quaut-hicanial
{moatly 2é6=menth) esecillatien, and tho fouthern Oneillatien « a0 nog
roflacted in tha tampoarsl coursa ot ann=laval proonura,.
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" SOLAR ENERGY MAPPING
by
I. Tsta and L. Pelle

Napenergia térképezés. A dolgozat a direkt sugdrzés tenyész id#szakban érkezd hdenergidja eloszld-
sdnak szdmitisdval foglalkozik, Az érkezd hdenergia eloszldsa adott f8ldrajzi s2élességd hegyi terepen a
lejtd sz8getd]l és dBlésirdnyatdl fdgg. Ennek az eloszldsnak térképes 4brazoldsa eldseglthetz a mdvelési
rendszerek tervezését Magyarorszdg hegyvidéki sez8gazdasigi terdletein,

This paper is a brief information on computing heat from direct solar radiation during the grawing
season. The distribution of incidenting heat depends on’ the inclination and exposure of slopes in a hill
region of a given latitude. A map showing this distribution can contribute to the re-designing of cropland
pattern of hill agricultural areas in Hungary.

Agiogeographical research is one of the recently developed branches
of landscape study in Hungary. It surveys and assesses the effects of
‘physical geographical factors on crop cultivation, Its aim is to produce
some kind of a cropland pattern map showing the order of preference of dif-
ferent plants on the basis of physical environmental endowments. These
cropland pattern maps could be then directly applxed by state farms. and
agricultural cooperatxves.

Unlike the quantity of solar radiation in the growing season,
unfavourable soil, precipitation and even topographic endowments can be
at least theoretically - improved over large areas (consider amelior-
ation, irrigation, reclamation and strip cultivation, etc). Consequently,
wedecided to construct a method for mapping solar radiation heat to enable
agricultural farms on hilly terrains to adjust their field boundaries to
the amount of heat received complying with the requirements of plants.

The basic idea we used is extremely simple. We superposed the slope
exposure (Fig. 1) and slope angle (Fig. 2) maps of the same area. The re-
sulting mosaic map shows an areal distribution of heat (fig. 3). The slope
exposure has 8 categqories (N,W,S,E,NW,5H,SE,NE). The slope. category map
- as usual in Hungarian agericultural application - has the followtng clas—
ses: S-iiv, 12-17», 17-25<, 25 and the flat surface 5°5. Thus, besides
constructing slope exposuﬁe'and angle maps we need a table showing radi-
ation heat for each of the 8 x 4 + I topographic conditions. Using the so
called "cloud filter" factor we can compare the heat requirement of a plant
during the growing season and the mosaic map showxng the areal distribution
of heat.

The mountain we chosn as an example is found in West Transdanubiag
Hount Somlé is 432 metres high, built up of basaltic rocks and famous for
its vineyards and grape vine plantations. The algorithm for computing the
heat distribution table is described below.

" Solar constant: J, = 1354 W.m? at a mean Sun-Earth distance

actual Sun—Earth distance
1 = = given for each day
“mean Sun-Earth distance ’

complex transmissivity coefficient of the atmosphere (g = 0.93)

z = opacity factor of the atmosphere (eg. A = 3.5)
h = Sun’'s elevation angle
= latitude
t = Sun’s hour-angle
t, = Sun’s hour-angle at sunset ( -t, = sun hour-angle at sunrise)
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Fig. 1. Slope exposure map of Nt.Somld

Knowing the Sun’s elevation angle in hour-angle function is:
sin h = sin ¢ .sin d + cos ¢ .cos d .cos t
Hence the hour-angle of sunset (h = 0):
cos t, = ~tg P .tg d
a = Sun’'s azimuth
The relationship between azimuth and hour-angle:

sin® .cos t - tgd .cos ¢

ctg a =
sin t
sin P .cos t - tgd .cos ¢
& = SF0 QL) S-ESvrmaRaReE SR S
sin t
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Fig. 2. Slope categories of Mt.Sowld

a, = slope azimuth (exposure)
i = slope angle (inclination)
z = path of solar radiation in the atmosphere

39.7 exp (-0.315 h) i¥ 00 < h n{ ¢
Frefa A< 6§6:8 hr1-%e if < h'=sC" 8
z= A
J-oin b - 161.8 h~3-93 if O <N =C..95°

]=%zn A

if h > 35°
~ Direct radiation onto a horizontal flat surface (J,) in a particular case:

v ® ifys1°2.9 *%. #Tn+h /5/

Let us transfer the value of the solar constant from s into radian:

C = (86400/2 ).1354 W.m? = 18618836 W.m"? = 18.62 MW.m* /&/
Direct radiation received by a sloping surface (J,) at a given moment:

1, = I,.1"2.9** . [sin h.cos I + cos h.sin i.cos (a-a; )] 17/
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Fig. 3 Heat distribution map of Wt. Somld

S = sum of daily radiation

Sum of daily radiation can be obtained by the integration of the function
describing radiation in a particular case from sunrise to sunset:

S=C,I1? q** [sin h.cos i + cos h.sin i.cos (a-a;)].dt /8/

the variables are expressed by (z, m, a)j it can be solved by /1/, 73/,
/4/.

- integration limits can be calculated from /2/.
- value of C constant is given in /&/.

- value of is given for each day and may be regarded as a constant for
each day. =
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These formulas of the above algorithm allow the automated computation
of direct solar radiation heat received by 33 types of terrain (with vary-
ing exposure and angle) for each day of the growning season (183 days on

" the average in Hungary). ) . ) .
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COMPARING THE ANNUAL COURSE OF THUNDERSTORM FREQUENCY
IN HUNGARY WITH DATA OBTAINED A HUNDRED YEARS AGO

by
Maria Szentpeteri
JUHAS2 GYULA TANARKEPZO FOISKOLA, S2EGED
To the memory‘of Professor Peczely

A wagyarorszigi zivatargyakorisdg évi eloszldsinak 100 évvel ezeldtt nyert adatokkal trténd
bsszehasonlitdsa. Az 1968-77-es évek adatai szerint mutatkozt magyarorszdgi zivatargyakorisdg évi senete és
"a kBzel 100 évvel ezelStt kapott, Héjas E. 4ltal kBzBIt eredeények k8a0tt fibb vondsaiban nincs nagy
kOldnbség (ldsd az 1., 2., és J. dbrakat!). Ugy tdnik, hogy az dltalam készitett statisztikdhoz haszndlt
adatok taldn megbizhatébbak, vagyis a jelenkori “zivatarmérés® szubjektiv hibdja mintha kisebb lenne, mint
a 100 évvel ezeldttié, Taldn ez lehet az egyik oka annak, hogy a 33. dekdd kBrtll egy kis lokdlis saximumot
taldltan, Héjas E. azon kbvetkeztetése, eiszerint "a zivatargyakorisdg maximuma megel8zi a h8nérseéklet
juliusra esb maxisusdt”, az 1968-77-es adatok t6krében nea teljestl. s

In the main features there is not auch difference between the annual course of the thunderstors
frequency in Hungary cbtained from the data of the years 1968-77 and the results published by E. Héjas
nearly a hundred years aga (see Figs. I, 2 and J). It seems that the recent data are more relidble, as if
the subjective error of present-day "thunderstors teasurement” is less than the earlier one taken 100 years
ago. Perhaps this may be the reason for the fact that [ found a seall local maximum about the 33 decade.
E. Héjas's conclusion that "the saxious of thunderstors frequency precedes the masisus of teaperature in
July" is not proved in the light of the 1948-77 data.

‘During the past hundred years, the intensive studying of the annual
course of the phenomena of atmospheric electricity has, for certain rea-
sons, fallen into the background. Frobably these circumstances explain that
relating to the above problem one can only find approaching reports at
most, even in the university text-books. In connection with the annual
courge of the thunderstorm freguency in Hungary - nearly one hundred years
ago - ENDRE HEJAS reparted rather reliable data. In his book, published in
1898 (1), he precisely examined the atmaspheric pressure, the wind, the tem-
perature, the vapour pressure and the relative humidity, the cloudiness,
the evaporation, the ozone and finally the precipitation on storay days.

" In his examinations he took into consideration what kind of correla-
tion is between storminess and weather situation, and which are those types
of weather that lead to the intense developing of thunderstorms. After the
satisfactory critical elaboration of data the collected from the territory
of the country of that time ‘£. Héjas drew several conclusions which are
warth reviving and comparing with the data of today.

During statistical examinations it often occurs that the figures of
the elements of the samples selected for the evaluation are not the same.
In such cases, frequency distributions cannot be directly comparedy this is
why some sort of mathematical method must be applied to be able to directly
compare the distributions. Since the number of the stations examined by me,
and that of E. Héjas’'s stations differ, I transformed E. Héias’'s monthly
frequency values to the percentage of the annual frequency; so the obtained
values (as relative freguencies) are independent from the number of the
stations; so there is a possibility of direct comparison. [ compared the
obtained results to the data counted from the data of the years 1968-77
[21. This is demonstrated by Fig. 1. E. Héjas’s results are taken from the
" tables of pages 108 and 109 of his book. However, I should like to remark
that the title writing of the tables is not correct. It is probable that
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~-e=-e-- from the data of E. Héjas
—o—o— from the data of 1968-77
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Fig. 1 Annual course of thunderstoras in Hungary in monthly frequencies

E. Héjas mixed the numbers of the thunderstorms with the numbers of the
stormy days. For in his table .he does not give the monthly and annual sums
of the stormy days - as he writes in the title of his table - but the
monthly and annual sums of the detected thunderstorms.

. E. Hejas also offers further possibility for comparison by having
studied the annual course of thunderstorm frequency in taking them to pen-
tads. Among his conclusions, I should like to emphasize that he experienced
a decline about the 35¢” pentad. He brought this into connection with the
fact that in the 25-year annual course of temperature there is a well rec-
_ognizable decline about the 35*" pentad. Recognizing of such caincidences
is very important, but we have to consider the fact that the mere coinci-
dence is not a reason for us to conclude with absolute certainty that there
is a relation of cause and effect between the two variables. For in such
cases it often came to light that the two variables depend on the changing
of a third (possibly several other) variable(s).

It evidently means that it would be unwise to speak about the fact
that the cause of the changing of one variable is the changing of the other
ane. The above-mentioned decline can be shown on the basis of the 1968-~77
data [2]. Since the frequency fluctuations are relatively great in the dis-
tribution of pentadic breaking down, so 1 converted E. Héias's data into
units of ten days (decades), and compared to the decadal distribution
caounted from the data of the years 1948-77. In order to demonstrate the
course of the two distributions, I drew the two distribution “curves" as
equally high (by dividing them with the maximum values). It can be seen in

.
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=~-e-- from the data of E.HEJAS
—o—o— from the data of 1968-77
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Fig. 2 Annual course of thunderstoras in decadal frequencies (unit = saxisal decadal frequency)

the figure that the courses of the two "curves" are almost the same. The
above-mentioned decline at the 35¢~ pentad or 17-18°¢” decade, which still
exists in the case aof I15-day intervals but is no longer so expressed, is
recognizable at both distributions, and in the case of a monthly course, it
disappears already. In connection with the 27< figure, I should like to
draw the attention to the fact as well that on the basis of the data of the
years 1968-77, at the time of the minor (5-, 10~,or I5-day) course demon-
stration toward the end of November (at about the 3377 pentad) a little
local maximum is also recognizable [2].

Further examinations can be done also because there are a couple of
stations among those of £. Héjas which occur among the stations examined by
me, as well. These data are summarized in Table I. It can be seen that, on
the one hand, the average number of the thunderstorms is 22.4 for the sta-
tions listed by E. Héias; on the other hand, in my statistic the number is
25.02. The question emerges whether the two data series of Table I, more
precisely the two mean values, can be considered significantly different or
not. The answer is NO. On fulfilling the two-model t-proof, it is obtained
that the difference between the two values cannot be considered significant
even in the case of 10 % confidency:  level. This means that the values of
22.4 and 25.02 are practically equal. It is immediately understandable from
the fact that in Hungary the standard deviation of thunderstorm fregquencies
is roughly 3 for ane station (2). For the stations in Table I, so for Buda-
pest, Eger, MNyiregyhédza, Kalocsa and Szeged, E£. Héjas gave, besice the
annual number of the thunderstorms, even the average monthly thunderstorm

7
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Table t

The annual suss of thunderstors frequencies for 12 stations
on the basis of the data of £. Héjas and of the years 1968-77

Stations E. Héias’'s data
Budapest 19.2
Eger 23.3
Kalocsa 21.0
Keszthely 23.9
Komdrom 19.2
Mako 23.0
Mezdhegyes 20.8

" Nyiregyhd:za 24.¢
Sopron 20.9
Szeged 21.6
Szolnok 24.4
lalaegerszeg 27.2
Sum total 269.1
Average for
one station 22.4

Data of the years
1968-77

BN NN R = )N = ) =

CWNNCND_DNNDOE
. e & e e e s e e .
BNNOOoSTrHUOUODWU O

302.3

25.2

The italicized values are arithmetical means of two data

publ ished by £.

Héjas

Table 2

Annual course of thunderstore distribution with aonthly frequencies
for 5 stations. Among the data-pairs the first one is ‘always of £, Héjas,
the second is of 1968-77

1
Budapest 0,00
(Szabadsdg- 0.00

hegy}

Eger 0.05
0.00
" Nylregyhdza 0.00
0,00
Kalocsa™ » 0,00
0,00
-Szeged - :'0.09
- 0.00
fiverage : 0.03
for one 0,00
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frequencies. The data used for the annual periocd are summarised in Table 2.
The difference between the two distributions can be seen in Fig. 3. Here
the most apparent thing is that the distribution counted from E. Héjas's
data is sharper to the left than the distribution obtained from the data of
the years 1948-77. This fact can be chserved in Fig. 1,. and even in fFig. 2.
From this shift to the left E, Héjas concluded - wrongly in my opinion -
that "The majority of our thunderstorms come in early summer, and so the
maxiaum of thunderstorm frequency precedes the maximum of temperature
coming in July". According to £. Héjas's statistics, the number of thunder-
storms far one station in Hungary is 22.2. He himself considered this value
only a lower approaching because at several stations only the strongest
thunderstarms could be recorded, the farther ones were not taken into con-
sideration. He chose 1.5 as tolerance in the number of thunderstorms (he
did not give any reason for his choice). In the chapter "Thunderstorm Stat-
istics", it was average values as about 25 and 26 average value - instead
of the above-mentioned number of thunderstarms ~ which he considered to be
the most probable estimated values. These latter values correspond very
well with the average values obtained on the basis of the 1968-77 data (21].
E. Héjazx gives 19.2 thunderstorms annually for the northern slope of
Vdrhegy in Budapest, and this is almost equal to the mean value of 18.9 of
station on Séabadséghegy obtained on the basis of the data of the years
1968-77. In (3,41 1 have dealt in greater detail with the identities and
differences relating to the spatial distribution of the thunderstorm
frequency in Hungary, a swell as to the annual courses of the fulguration
and hail frequencies. In the main features there is not a great difference

—-e-=e—= from the data of E. HEJAS
—o—o— from the data of 1968-77

monthly frequencies in the °,
's frequency
NN

of year

—Months —

' Fig. 3 Annual distribution of thunderstoras on the basis of the data fron the tomns of Budapest,
£ger, Myiregyhdza, Kalocsa and Szeged in monthly frequencies
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between the annual course of thunderstorm frequency in Hungary obtained
from the data of the years 1968-77 and the results obtained by E. Héjias
nearly 100 years ago (see figs. 1, 2 and 3).

1t seems that the data used for my statistics are perhaps more reli-
able; that is, it seems as if the subjective mistake was smaller in present
day "thunderstorm measuring” than in the one 100 years ago. Ferhaps this
may be one of the reasons for the fact that I found a small local maximum
around the 3377 decade. £. Héjas’'s conclusion that “"the maximum of thunder-
storm freguency precedes the maximum of temperature, falling in July" is
not confirmed by the data from 1968-77.
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THE FIRST TWO YEARS OF HAIL—PREVENTIONiIN BACS-KISKUN COUNTY
by i
Peter Peter

A Bacs-Kiskun wegyei jdgesbelhiritds elss két éve. A tanuledny a dél-baranyai kfsérleti jellegd
jégesbelhdrité rendszer tapasztalatainak felhaszndliséval létesftett, 1984 ota mikBA® *Bics—Kiskun eegyei
Rakétds Jégesbelhdrité Eqység® elsd két évének tapasztalatairdl szdaol be. Foglalkozik a védett terdlet
kivdlasztasdnak szeepontjaival, a védett terdlet éghajlati viszonyaival, a jégestk gyakorisdgaval és terd-
leti eloszldsdval, a Jégesbelhdritd Egység felépitésével, a jégesBelhdritds mddszerével és az Eqységben
folytatott gyakorlatdval.

The study reports on the experience of the first two years of the "Bacs—Kiskun County Hail-
preventing Unit with Rockets®, established making use of the experience of south Baranya hail-preventing
systes of experimental character and operating since 1984, It deals with the aspects of the selection of
the protected area’s clisatic conditions, the frequency and regional distribution of hails, the structure
of the Hail-preventing Unit, the nethod of hail-supression, and its practice in the Unit.

Introduction

Hail is one of the most. dangerous atmospherﬂ: phenemena. Year by year
it causes considerable damage in agriculture, Agridultuval production, by
the transformation of its structure, and by its becoming more intensive, is
growing more and more sensitive to hail.

Hail-prevention endeavours to bring about changes artificially in the
internal microphysical processes of a cloud or a system of clouds, and in
the microstructure of the cloud. That essentially means letting artificial
ice-nucleis (silver or lead iodide) in large quantities into what is called
the thundercloud’'s (cumulonimbus) accumulation zone (SULAKVELIDZE, 1963), which
is of large water concentration and where water is to be found in a super-
cooled state. . T

So the -number of the ice-nucleis is increased at least a hundredfold,
and by that, the water drops, which have grown supercooled, are forced to
freeze away from the natural ice-nucleis. As a result of the intervention,
the increase of the natural hailstones is limited; whereby many more but
much smaller hailstones come into being. These, while falling, partly or
entirely melt in the air-space of positive temperature before dropping onto
the surface.

In Hungary it was in 1773 that a government decision was born for the
introduction of the protection against hail (RIRTH, 1989). Frior to that, as
early as 1961, the research team of cloud physics was formed which got, as
a task, the theoretical preparation and foundation of this practical activ-
ity. . .
In this country the first hail-preventing unit was developed in
Baranya County, where in 1276 the protection began.

The structure of the "Bacs—Kiskun megyef Rakétas Jéqesbelharitoé Egyseq”
or Bics RJE (BAcs-Kiskun County Hail-preventing Unit with Rockets)

After the successful trials of intervention in Baranya, a decision
was born for the extension of hail-prevention. The choice fell, as gquasi
the continuation of the Baranya protected area, on the southern part of
Bidcs-Kiskun County, where grapes, fruits and vegetables - which are sen-
sitive to hail ~ amount to an important part of agricultural produce (Hosz-
szuhegy, Baia and Bacsalmés Agricultural Combinates, the district of
Kalocsa, etc.).
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Subsequently to the planning and effectuation, in 1985 began the
defence in the Bdcs-Kiskun County Hail- preventing Unit with Rockets (Bics
RIE).

The protected area (PA) of the Bdcs RJE is bordered in the west by
the Danube, in the south by the Hungarian-Jugoslav national boundary, in
the east approximately by the line Csikéria~Kiskunhalas, and in the north
by the line Kiskunhalas-Csdszart8ltés—Faisz. 1ts area is approximately
5,000 km2., The direction centre (DC) of the system settled in Dusnok, in
the north-western tip of the protected area.

qu. 1 Situation of the protected area of the Bics-Kiskun County Hail-preventig Unit mith Rockets
(*Bics-Kiskun megyei Rakitds Jégesfelharftd Egység” or Bacs RJE) in Hungary

The determination of the protected area cannot be considered to be
exact for several reasons:

- because of safety requlations the major settlements and their im-
mediate environments cannot be defined;

~ there are no reliable data relating to how long the nucleation
makes its influence felt in the clouds, and in what way this manifests
itself in the space.

FPlacing the direction centre into the north-western corner of the
pratected area carries several advantages. For example:

- the thunderstorm activity or haily processes, apptoaching mostly
from the west, can be observed well in advance, and thus in the system,
preparedness can be ordered in time;

- the area called “dead ground”, which is in the immediate vicinity
of the radar and has a radius af about 10 km, is confined to the smallest
one possible;

- for scanning the air-space of the protected area, you have to move
the aerial of the radar in sector only, which means a considerable time-
‘saving.

In the area of the Bdcs RJE, the protection is effected from 18
rocket launching bases. Corresponding with the parameters of the method
applied and of the rockets used for the intervention, these bases have been
settled so that the regions with a radius of & &a considered to be useful
should partly overlap each other (Fig. 2). This, in principle, makes it
possible for us to send reagents over any point of the protected area.
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Climatic Conditions

Concerning the Bdcs RJE’s area, we only possess informations about
the protection season (1= April - 31=¢ QOctober) and about as few as 2-3
years. For that very reason, the analysis and judgement of the data partly
deviate from the usual points of view. Instead of averageings, the numbers
and percentage distributions of cases have been scrutinized. In addition,
the practicable aspects of hail-prevention require, too, for the protected
area to be considered as a unit (abstractly punctiform).

The Bdcs RJE's protected area belongs to this country’s districts of
secondary maximum- thunderstorm frequency (BACSO, 1933). According to the
obervations of many years, the number of the stormy days can be put at
20 - 30 yearly. By contrast, in I?85 in the area of the Bacs RJE there were
37, while in I1¥3¢ there were 54 days on which it was at at least one sta-
tion of the system that thunderstorm was reported. The numbers of the

' thunderstorms were something greater than that; in 1985 the number was 42,
while in 986 it was 58. The points of time of the outbreaks of the
thunderstaorms, according to the ones known from literature, can mainly be
dated to the afternoon hours, between 12 and 1% hours (1000-1700 GMT). In
addition, the percentage of the late evening and night thunderstorms, too,
is considerable, more than 20 % (Table 1).

Also the distribution of hails in space and t1me is asystematic. Lit-
erature (BACSD, 1953, G0TZ and MESZAROS, 1968) keeps in mind I[~3 hails a year
averagely‘ at every measuring point in this country. On the basis of the
Bacs RJE's measurements by hail indicators in 1784-1986, all that is veri-
fied (Fig. 3). In the three years analysed, the number of. the points at
which 4, possibly even 5 hails occured was inconsiderable (Fig. 3, 178é).
From the measurements carriead out so far it seems that it is the western
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Fig. 3 Numbers of dawaged ha{l indicators in each »easuring point

edge-of the protected area - first of all, the range of Baja, Hohacs and
Sdkfisd - as well as its south-eastern part which are most frequently
reached by hailstorms. At the same time, in each of the three years id did
not hail at all in a considerable part of the protected area.

The observations at the single points do not truly reflect the hail-~
frequency of an area. Just therefore, it is advisable to extend the inves-
tigation of hail-frequency aver a major area (1,000 km?). According to the
Hungarian researches relating to this (GOTZ and MESZARDS, 1968), in this area of
the Great Hungarian Plain, where also the protected area of the Bacs RJE is
to be found, it hails 6-8 times yearly., If,. again, the protected area is
considered as a unit, and .the practicable aspects of hail-prevention are
made primary, then the number of hails will be even considerably greater
than that. Seo for instance, in 1934 there were 25, in 1985 there were 22,
while in [986 there were 27 days on which it hailed at at least one point
of the Bdcs RJE’'s protected area (Table 2).

Observing the monthly distribution of the hails, it turns out that
most haily days occur in Hay, in 28.4 % of the cases. This is followed by
June and July (23.0 7 and 21.6 7 respectively), then by April (14.9 %) and
August (8.1 %) - (Table 2). Otherwise, this distribution does nat differ
.essentially from the distribution known from literature (B£2S0, 1951).

- The day-time distribution of the beginnings of the hails has been
calculated on the basis .of the voluntary observers’ reports. During three
years - 1984, (%85 and 1986 -~ from the protected area arrived 205 reports
of bhail altogether (Table 3). In 144 cases (70.0 %), the hails began
between 14 and 19 hours (12-17 GMT). Within that, in most cases (17.2 %)
between 18 and 19 hours (16-17 BMT). At night and in the morning, between
22 and 13 hours, hails only occur exceptionally (Table 4). The day-time
distribution made known considerably deviates from those known from litera-

ture.
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The lengths of time of the hails, too, have been calculated from the
voluntary observers’ reports. Accordingly, hailing only rarely holds on for
more than 5-10 minutes (Table 5). Of the 205 reports already mentioned, in
168 cases the duration of hailing, could also be determined; 71 times of
these (42.2 %), the hailings did not last longer than § minutes; however,
in as many as 77.9 % of the cases they were of a stretch of time shorter
than 15 minutes. it is noticeable that in April, May and June the hails are
not only more frequent but they last longer as well.

Hail generally comes into being under specific aerosynoptic condi-
tions, to which alse contribute the physical and geographical characteris-
tics of the area. In the evolution of these processes, the thermal strat-
ification of the air-space, and the altitudes of the isothermal levels of
0°C, -5°C and -10°C determining the condition of hail-formation are of
decisive importance. The shaping of the thundery and haily processes as
well as of the altitudes of the isothermal levels of 0°C and -10¢C in the
first four months (April-July) of the defence season of the year 1985 are
shown by Fig. 4. (There was an intervention or there were interventions on
days emphasized by dotting.) : :
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Fig. 4 Changes of the heights of the isotheras of 0°C and -10°C measured at Szeged by radio sondes
) (at 0000 and 1200 GHT), as well as the distributions of thunderstorns, hails and inter-
ventions between 1 April, 1985 and 31 July, 1985

It is generally accepted that the majority of hails are attached to
frontal ﬁrocesses; in most cases they occur in a deepenining cyclone, or in
the foreside of the trough. A condition of hail danger may also develop
differently from that as, and more than once even in a small area. In
Fig. 5 the wether situation of 15" June 1986 and the tunderstorm and hails
attaching to that can be seen. Under the influence of a weakening pressure
field in the basin of the Mediterranean, there emerged though thunderstorms
in Hungary all over the country; hail, however, was reported by not more
than two Transdanubian stations (SUmeg and Mohacs). The only meteorclogical
station (the one in Bajia) to be found in the protected area, also, was
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Fig. 5 Heather situation of I5 June, 1986, as well as the dzstrxbut:on of the thunderstorss and
hails attaching to it

missed by hail. Nevertheless, almost one-third of the B4cs RJE's area was
destrayed by hailj .and in 1286 the greatest damage done by hail occurred on
this day, in an area of some 7,000 hectares.

The method and practice of hail-prevention in the Bacs RJE

Hail-prevention applies several methods and technologies in. these
days. In our country - and thus alsc in the Bics RJE - defence goes on by
the procedure based on the principle of what is called the “"competing
embryo~hypothesis"”, and which has been warked cut in the Soviet Union. Yo
send artificial ice nuclei (silver iodide) into the clouds, rockets are
used. The major parameters of both the single- and the two-stage type
ALAZAN Soviet rockets are contained by Table ¢.

As conditions of the rise and growth of hail, the following things
must be realized in the cloud:

—- the velocity of maximum updraught should exceed the value of 10 s+,

- the maximum velocity of updraught should be in the neqative
temperature range,

- the temperature of the upper level of convection should be

below -25-C,

- the moisture content of the accumulation zone should be able to
ensure the moist growth of hailstones.

Under given circumstances, the water supply of the cloud is deter-
mined by the velocity of updraught.

The final size of hailstones depends on:

~ the velocity of updraught,
~ the thickness of the accumulation zone,
- the water supply of the accumulation zone.




The radius of hailstones is given by the relation below:

- -3 ' N
Rm = R3 d Nm ~

where R; = the mean radius of natural hailstones,
N = the concentration of natural ice-formations,
N, = the concentration of artificial ice-formations.

Thus consequently, if the concentration of natural ice nuclei is ar-
tificially increased a hundredfold, then the mean radius of hailstones will
decrease to its one-fifth. In Baranya County, according to the investiga-
tions done in relation to the unidimensional cloud model (MOLNAR, 1985), the
maximum speeds of updraught reached or exceeded 15 »s—* in all cases on the
days when hails developed within the air mass. In 80 % of the cases, the
maximum speeds of updraught reached or exceeded 20 m s~7; while in 70 %
they fell between 20 and 30 ms—*, At the same time, on the ‘not icy ' days
they were less than I5 ms—* in one-third of the cases . )

The preparation of defence begins by analysing the synoptic situ-
ation, and the thermodynamic state of the air-space. For this, thunderstorm
forecasts are made twice daily. As auxiliary materials, the following
things come into use: surface and contour charts, TEMF telegram (depending
on the general circulation, the ascents in Budapest, Szeged, Belgrade or
Zagreb), GRID + a 12 hours’ forecast, as well as the unidimensional cloud
model derived from the TEMF. The frequency of radar observations (whether
they are made every three hours, or every hour, or continuously) is deter-
mined by the information content of the forecast (Fig. 7).

By the help of the cloud model, the profile of the speed of vertical
updraught expectable 'in the thounderstorm cloud, the ice and water contents
of the cloud, the temperature profile in the cloud, as well as the growth
of the hailstonzs during their rise can be determined. It is in this manner
that the range of the thunderstorm cloud between -5¢ and -10°C, which must
be nucleated during the intervention can be marked out (Fig. 6).
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Fig. 6 The (shaded) area to be nucleated of the hail-dangerous thunderstors cell

s the first step of the intervention (nucleation) procedure, the de-
tection of the air-space is carried out by a Soviet made MRL-S meteorologi-
cal radar, deposited in the direction centre, and operating at wave—-lengths
of 3.2 c» and 10 <m. When'the intensity of the reflected sign exceeds the
threshold of sensitivity of the radio locator, then the radio echo of the
sounded object appears, in the form of a bright spot, on the screen of the
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of the radar. (This is called the reflection zone of the meteorological
target.) The intensity of the signal released by the locator and reflected
off a cloud, depends on the sizes, physical conditions and shapes of the
cloud particals. It is the sizes of a precipitation particle that are the
most 1mportant factor, for the intensities of the reflections are propor-
tional to the si:ith paower of the diameters of the particles. This means
that if the diameter of the cloud particles increase by an order, then the
reflected signals will be a million times intenser.

When the parameters got from the radio locator measurings reach the
criterions of the danger of icing determined in the method, the nucleation
of the cloud starts (Fig. 7).

Weather forecast

/tational Heteorological Service-Central Institute
of Forecasts Bics HJE/
|
Y
n Can either thunderstorm or nail oe es
expected?

[Observations every 3 hours] [Observations every hour]
- ]

M
no Is there any thunderstorm es
R cloud within 100 km? e

. *
[Continuous measurements with radar p———m—

'y Do the parameters measured with radar not
reach the critlical values?

]
+

Requesting permission of the tlight
airection service
Ordering of readiness stage

Ie there a launching permission?
Is the system in readiness stage?

not
{ Do _the parameters refer to hail-danger? »—uf

yes
not

¢ Is an intervention possiple? D—e-—e—nl

yes

[ﬁteminlng of the launching parameters|]

[Giving order to fire]

not

< Carryng out of order to fire Jree—————— 4|
yes

[petermining of further tasksp————4

Fig, 7°Process-figure of the intervention procedure

1f the nucleation starts too early, there exists a danger that we
intervene needlessly, already before the cloud becomes hail-dangerous. If,
again, the intervention:is late, and the development of hail has already
taken place in the cloud; the intervention will be ineffective. .

For nucleating the hail-dangerous cells, the direction centre gives,
at V.H.F., the rocket launching base most suitable for the intervention an
order to fire. The trajectories of the rockets launched in the directions
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