COENQSES 12{1%:33-4], 1997
O CETA, Gorizia, [uly

33

SPATIAL AND TEMPORAL CHANGES IN THE FREQUENCY
OF CLIMATIC YEAR TYPES IN THE CARPATHIAN BASIN

B. Zélyomi' , M. Kéri’ & F. Horvath’

1 Geographical Research Institute Hungarian Academy of Sciences, Andrdssy it 62, H-1062 Budapest.
2 Hungarian Metearological Service, Kitaibel P. u. 1, H-1024 Budapest.
3 Ecological and Botanical Research Institute, Hungarian Academy of Sciences, Vacratot, H-2163 Hungary (address
for reprint requests).

Keywords: Aridification, Climatic regions, Eco-climate, Europe, Képpen's climatic classification, Pontic, Submediterrancan,

class C climate indicates amelioration.

Abstract. The climatic description of the Carpathian Basin’s typically transitional climate is approached through the concept
of "climatic year types” for the years 1891-1990. With the help of the frequency of annual precipitation curve types, charac-
teristic of the individual climates. major climate fluctuations are detected. An undoubted trend is the increasing frequency of
"steppe years”, i.e. definite aridification. European-Continental and Pontic-Mediterranean precipitation curve types spread
at the cxpense of the Atlantic-Submediterranean types in the second half of this century. The growing frequency of Koppen's

Climate of the Carpathian Basin

The Carpathian Basin has a rather great variability of the
climate. Over the long term this climate is cxpressly transi-
tional, and as correctly defined by Bacs6 (1959, 1961), also
of a mixed character. The region is where three climatic in-
fluences of different quality collide which cannot average
out: Atlantic, Submediterranean and Continental. From an
ccological viewpoint of view, in this temperate basin of low
altitude annual rhythm, the inclination to reduced precipita-
tion has overwhelming significance.

It is well known that there lies a zone of transition bet-
ween the Mediterranean winter precipitation maximum and
the continental summer precipitation maximum, the so-
called equinoctial zone. In this zone therc are predominantly
double, autumn and spring maxima of precipitation. The
main peak is usually in autumn. Only on the Spanish Meseta,
in parts of southern France and of the Po Plain and in
Transdanubia, Hungary, it shifts to late spring (May). The
precipitation map of Europe after Bliithgen (1958, Fig. 1)
shows the southern and western boundaries of an expressed

summer precipitation maximum and the northern limit of

mid-summer Mediterranean aridity. Enclosed by these lines
one can find the region of the transitional Submediterrancan
climatic influence and the Atlantic region to the west,

Jakucs (1961) published a map of the northern limit of

European Submediterranean mixed forests (Orno-Coti-
netalia). The coincidence with Bliithgen’s climatic boundary
is clear. Vegetation indicators further specify the limits of the

Submediterrancan climate, namely, to the Orsova and
Visegrad gorges of the Danube. the Thermal Alpen relict is-
land near Vienna, and the wine-growing areas of the Upper
Rhine). It is known that the Submediterranean floristic ele-
ments advance more to the north in the Atlantic area than in
the castern Pontic region. As an example. the distribution of
an Atlantic-Submediterranean floristic element, Primula
vulgaris, is cited here (after Mcusel, Jiger, Rauschert and
Weinert 1978, Fig. 2). The core species has distribution in-
cluding the environs of the Carpathian Basin, while to the
east, its vicarious species occur. The similarity between the
map of its geographic distribution and the climate map is im-
pressive.

Precipitation curve types

The usual manipulations with long-term data series tend
to obscure extreme fluctuations and other real cvents. This
has to be considered particularly important when vegetation-
climate relationships are studied. Novel approaches are
necded. With this intention, Zolyomi (1958) identified types
of the annual precipitation curve. In this he relied upon
Koppen's (1918, 1931) modified climate classification, his
definition of typical and transitional climates, and the
climatic year concept of Russel (1934) which Berényi (1943)
supported. It was unfortunate that this line of inquiry was not
pursued, but rather as in Borhidi (1961), the Walter-Lieth
climatic diagrams received main attention. We return in this
paper to the Russel-Zdlyomi line of inquiry and show the

* Editor’s note: The sad news of the death of Academician Balint Zélyomi reached us at Coenoses as the editing of this
manuscript entered the final phase. We deeply mourn his passing and feel the void that he left in the scientific com-
munity. We bid farewell to a good friend and a deeply respected colleague. (L. Orléci.)
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Figure 1. Precipitation map of Europe (Bliithgen 1958). Dashed line: N limit of Submediterranean mid-summer aridity;
dotted line: S limit of mid-summer precipitation maximum.
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Figure 2. Map of Europe with the distribution of Primula vuigaris.



logic in the preference for the annual precipitation curve in
characterisations of the local climate. As for the modus ope-
randi, each year of a station is individually assessed and
typified. The climate of a particular locality is then charac-
terised by the frequency of an averaged precipitation curve
type.

The climatic regions of the Hungarian portion of the Car-
pathian Basin are shown in Fig. 3 along with the stations
representing them. It does not pose any difficulty to identify
general climatic year types, since there are limit values fixed
by K&ppen. In contrast, the annual precipitation curve type
can only be identified after careful consideration and through
the analyses of reference stations (Figs 4-5). The station of
reference shows the most common curve in the core area of
the climate in question. Each year a stations’ precipitation
curve is compared to those of the reference stations. The
local annual climate is typed such as that at the most similar
reference station. The patterns so derived are not an artifact,
but they occur regularly in nature.

Case example

In order to present an example, one of the stations in the
Carpathian Basin with the least rainfall, Tiszafiired has been
selected. The records indicate that the various climatic in-
fluences are not only peripheral to the region but may cover
the whole basin.

l. The Atlantic-Submediterranean influence. Its
precipitation curve type, x", was described by Koppen. (This
type occurs with 29 per cent relative frequency in Budapest.)
Our reference stations for x" are Toulouse and Bologna.
‘When the monthly average precipitation values for these two
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Figure 3. The climatic
regions of the Hungarian
portion of the Carpathian
Basin and their represen-
tative stations. Pre-Alps:
SZG: Szentgotthird,
SOP: Sopron; SW-Trans-
danubia: PCS: Pécs,
KAP: Kaposvir, NAK:
Nagykanizsa, KEH:
Keszthely, BAF: Balaton-
fired, ZIR: Zirc; Danube
Plain: FVA:  Székes-
fehérvir, BUP: Budapest,
KME: Kecskemét, SZE:
Szeged, PKS: Paks; Tisza
Plain: BCS: Békéscsaba,

TUK: Tirkeve, TIF:

Tiszafiired, KOM: Kom-

polt, DEB: Debrecen;

4 pre-Alps Ca;z;{athl;c‘t;: l";F're-sga:

. athian Mountains: :

” Sw-Tramd»anulma FS’algétarjén, EGE: Eger,

®  Danube plain PUT: Putnok, SPA:

*  Tisza plain Sarospatak, VNA: Va-
v

sarosnamény (cf. Figure
6).

Carpathian foreland

stations are compared to x", no month shows a significant
difference (cf. Zélyomi, Kéri and Horvith 1992a,b). In addi-
tion to precipitation maximum in May, characteristic
primary or secondary Mediterranean maxima in autumn
(mostly October) are present (Figs 4-5).

2. Pontic-Mediterranean influence. The curve type is
xx". It can equally be regarded continental and Submediter-
ranean in character with Varna as the reference station. The
precipitation maximum in June is marked, the drought period
shifts into late summer and September and there is a secon-
dary maximum in November.

3. European continental influence. The summer
precipitation maximum (climate f) is characteristic. The sta-
tion of reference here is Kiev or rather Warsaw if January
mean temperatures are also regarded. For the case of in-
creased late autumn and December precipitation (variety £x),
Krasnodar can be identified as reference.

Varieties of the above three types with similar but
reduced annual curve are designated BSx", BSxx" and BSf
with reference stations respectively: Madrid, Vama and
Chisinau. For the identification of steppe climatic years, De
Martonne’s formula (2x[t°+14]) is used. When the annual
precipitation is less than this, the year can be regarded as a
steppe year. Finally, there are two climatic year types with
abundant precipitation: Alpic-Subatlantic influence (ff) and
the Iliyric (x"ff). The first (reference: Augsburg) only oc-
curred at Tiszafiired in a single year and was, therefore, dis-
regarded. The latter type (reference: Sarajevo) occurred on
seven occasions in 100 years, although with moderate
amounts of annual precipitation at this location.
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Figure 4. Climatic year types TISZAFURED (1891-1990) STATIONS OF REFERENCE
and stations of reference, A.

Toulouse

"

555 mm f Warsaw 502 mm

Figore 5. Climatic year types
and stations of reference, B.

405 mm BSI

723 mm X" Sarajevo 893 mm




The Middle-Danubian floristic divide

The problem of the Middle-Danubian floristic divide was
raised by Zélyomi (1942). He applied selected lists of floris-
tic elements to show that the south-west wing of the
phytogeographical "Paleo-Métra’ (the Transdanubian Moun-
tains) of a more equable climate is characterised by Mediter-
ranean, or more precisely Submediterranean, Atlantic,
Central European and Western Balkanic (Iilyric) floristic
elements. In contrast, on the north-west wing (North Hun-
garian Mountains and the Carpathian piemont) in a more
continental climate, continental as well as eastern Balkanic,
Moesian and Dacian, elements come to the fore. Based on the
available climatic data (1901-1930), the divide has been
climatically confirmed (Réthly 1933, 1935 and Hajésy
1935). The boundary lines in the distribution of floristic ele-
ments grow denser in the Visegrdd Gorge area. This indicates
abrupt change.

We re-examined the identification of the Middle-
Danubian floristic divide on the basis of a 100-year (1891-
1990) time series on a transect through 11 meteorological
stations. The transect runs from the south-west to the north
and north-east across Pécs, Kaposvir, Nagykanizsa, Keszt-
hely, Balatonfiired, M6r, Budapest, Salgétarjan, Putnok,
Sérospatak and Véasdrosnamény as seen in Fig. 6. Up to
Budapest the types of Atlantic-Submediterranean annual
precipitation curves are 50-60 percent frequent at the sta-
tions. Beyond Budapest to the northeast, their relative fre-
quency falls below 30 per cent. Accordingly, the share of
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Continental and Pontic-Submediterranean climate types
grows from ca 35 per cent in Transdanubia to 65 per cent in
the northeast. Such an extent change must have demonstrable
major ecological implications, leading to the development of
a major floristic divide. The frequency distribution of the
C/D boundary shows a similar pattern.

As it is known, in Transdanubia there is also a minor in-
cursion of Atlantic and Illyric floristic elements such as, for
instance, Asphodelus albus, Lamium orvala and Ruscus
aculeatus (Javorka 1940). The advance of these as far as
Keszthely and the western Bakony Mountains is understan-
dable on climatic grounds. Regarding the long boundary
across the southern part of Europe (Fig. 1), the Middle-
Danubian floristic divide is not a local phenomena but part
of that south European boundary line.

Climate year curves in ecological typology

We hold that in the ecological typology of climatic years
the precipitation curve is of decisive importance, because
precipitation is a limiting factor for the development of major
vegetation formations. The Carpathian Basin is no excep-
tion. The picture would not be complete, however, if
relationships with temperature were not analysed. For this
purpose, the annual temperature curve is compared with the
climatic year types (Table 1). The annual temperature curve
is constructed according to Koppen's criteria as Ca, Da, Cb
and Db, In these symbol D stands for cold winter (January
mean temperature below -3°C) and symbol "a" for hot sum-
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Figure 6. New findings in

the climatic confirmation of
the Middle-Danubian floris-
tic divide. From Keszthely
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namény: Carpathian
Foreland (or North Hun-
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Table 1. Relationship between climatic year types and
Kippen’s classification in annual temperature features.

Ca Da
mild winter | cold winter

Db
cold winter
hot summer | hot summer

WA
summer

. Ch
mild winter
warm
sumimer

- +
LT ] * ns

SAA
sub-Atlantic n.s. .
- 16.6 88 43

Alp (fD), 57
llyran
(x"ff)

AsM + + - -
Adtlantic-sub- *kx rokx
Mediterranea 482 267

n(x",BSx")

ETT

54.4

PsM -
Pontic-sub- * ns. ns. n.s.
Mediterra- 9.1 6.8 1.6 4.1
nean (xx",
BSxx")

EuK - - +
European- * hid n.s. o
Continental 10.0 13.2 36

13.0
(f, BSf, fx)

Abbreviations: n.s.=not significant
* = significant at p< 0.05 (x -8 D
** = significant at p< Q.01 (% —]] 3)

*** = significant at p< 0.001 (x 2-16.3)

Table 2. Relative frequency of the climatic year types by
geographical regions in Hungary for a 100-year period
(1891-1990).

pre- SW Danube Tisza
Alp Trans- plain plain athlan
danubia fp oreland
ff 19 7 2 1 7
(Ilyry x"ff 20 26 1 8 9
subAtl-Alp 39 33 13 9 16
X" 16 21 21 15 15
BSx" 1 3 11 9 5
Atl-subMed 17 24 32 24 20
56 57 45 33 36
f 21 13 i1 15 19
BSf 1 2 7 1 5
fx 8 7 9 15 18
Eur-Cont. 30 22 27 4] 42
xX" 8 12 11 i2 12
BSxx" 0 2 11 8 5
Pont-subMed 8 14 22 20 17
38 36 49 61 59
6 7 6 6 5

mer (July mean iemperature above 22°C). From the frequen-
¢y data of joint occurrences 2x2 contingency tables were
. : 2 .
constructed and tested for independence by x°. The positive
or negative deviations from expected values, the extent of
significance and the computed 7(,2 are given in Table 1.

In a considerable part of cases theee are close and sig-
nificant relationships which mostly derive from the reverse
correlation between mid-summer (July) precipitation and hot
weather. Subatlantic-Alpine (sAA) and Illyric years (ff, x"ff)
are characterised by more equable temperature and this is in-
dicated by a positive association with type Cb and strong
negative association with type Da. Atlantic-Submediterra-
nean (AsM) years (x", BSx") are in very close correlation
with hot summers as a result of remarkable mid-summer
heat. The warm and dry periods of the Pontic-Submediter-
ranean (PsM) years (xx", BSxx") shift to late summer and
early autumn. Therefore, no relationship is found with the
typology reflecting heat in July, while the slight positive as-
sociation with colder winters (Da and Db) computed in-
dividually does not reach the 5% significance level. The
abundant mid-summer precipitation of European-Continen-
tal (EuK) years (f, BS{, {x} is accompanied by a cooler July,
confirmed by significant positive and negative relationships
{Table 2).

Climatic regions

We are considering the macro-regions of the Carpathian
Basin. The data for the annual precipitation curves and the
relative frequency of climatic year types are in Table 1.
These are based upon the data series of 5 meteorological sta-
tions from each region, except 2 for the Pre-Alps. The devia-
tions among the regions are so large that even without a
formal test significant differences have to be assumed. Table
I provides a comprehensive picture of the climatic regions.
However, further explanation is required, considering that
the 100-year period is very heterogeneous and divisible into
distinct intervals. The spatial and temporal analysis reveals
the following calendar intervals:

1. 37 years {1891-1927). The frequency of Atlantic-Sub-
mediterranean (x"} and Continental (f+fx) climatic years is
balanced.

2. 10 years (1928-1937). The Atlantic-Submediterranean
x" climatic years dominate.

3. 15 years (1938-1952. The climate years are similar as
in interval 1.

4. 30 years (1953-1982). The almost complete disap-
pearance of Atlantic-Submediterranean years and the
prevalence of continental and Pontic-Submediterranean
(f+fx and xx") years are characteristic. Instead of BSx"
steppe years, BSf and BSxx" climatic years are frequent.

5. Since 1983 the entire basin is affected by Atlantic-Sub-
mediterranean (x") with mid-summer (July} drought typical
of the Mediterranean.

We can follow the changing relative frequencies in all
regions at the same time but to various extents on the
diagrams:
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Figure 7. Southwest-Transdanubia, time sections of 100
years (1891-1990).

Southwest-Transdanubia (Fig. 7). This is in the im-
mediate neighbourhood of the western Balkanic Illyric area.
Thus, the occurrence of Hllyric x"ff climatic years is of rela-
tively uniform distribution (20-35%) in all intervals. In inter-
val 4, the Atlantic-Submediterranean x" type is drastically
reduced (to 6%). It is replaced by the continental f+fx (30%)
and Pontic-Submediterranean xx" (20%) climatic types. In
other intervals the ratio of x" years approaches 50%.

Pre-Alps. The climate of this small region in Hungary is
only represented by two meteorological stations. Its climatic
diagram is not shown here. Itis mostly of the Atlantic climate
year type (ff: 27%), but in interval 4 here, too, European con-
tinental and Pontic-Submediterranean climatic years (f+fx
and xx": 50%) became the most common.

The Danube Plain (Fig. 8). The most marked change oc-
curs in interval 4. While in other intervals the high frequency
of x" climate years (40%) is characteristic, here they fall back
to a minimum (15%) and the continental f+fx and Pontic-
Submediterranean xx" climatic year types dominate. The
ratio of Illyric x"ff years approaches 20% in intervals 1 and
2. Noting that in in south-west Transdanubia BS steppe years
appear sporadically, in the Danube Plain their share is high
in all intervals. Their joint ratio (BSx", BSxx" and BSf) can
reach 40%. The x" climate years are more frequent than 20%,
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DANUBE PLAIN (1891-1990)
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Figure 8. Danube Plain, time sections of 100 years (1891-
1990},

while for the [llyric x"ff climate year type this is the maxi-
mum.

The Tisza Plain (Fig. 9). With the exception of interval
2, during all intervals European continental f+fx and Pontic-
Submediterranean xx" years are jointly prevalent. During in-
terval 4 their frequency rise to 80%. The frequency of three
varieties of steppe years together may approach 40%.

The Pre-Carpathian Region (Fig. 10). In all intervals,
European continental f+fx and Pontic-Submediterranean xx"
climatic year types are predominant (around 40-50%). The
frequency of x" and x"ff years is uniformly low. The total
share of steppe years is reduced to 10-20%. The 10% ratio of
Alpine-Atlantic ff years in intervals 3 and 5 indicates
proximity to the Carpathian Mountains.

1t is clear from the above that the climate of the Car-
pathian Basin has great temporal and geographic variability.
Under this condition, the re-conceptual change of the
climatic years approach 1s fully justified. We point also to the
fact that the forest steppe of the Danube and Tisza Plains dif-
fers considerably from the Ukrainian and South-Russian
steppe, exactly in accordance with frequent incursions of the
Atlantic-Submediterrancan x" climatic year type. The
presence of Atlantic-Submediterranean floristic elements or
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Figure 9. Tisza Plain, time sections of 100 years (1891-
1990).

of hairy oak (Quercus pubescens s.1.) on the lowlands of the
Carpathian Basin is an indication.

Warming and aridification

Frequency diagrams of Kéippen’s C and D climatic years
and BSx" and BSxx" steppe years from the 150-year data
series of Budapest (1841-1990) were published earlier
(Zolyomi, Kéri and Horvdth 1992) and reproduced here
(Figs. 11-12) for further interpretations. Warming waves are
evident in Fig. 11. Signs of aridification are clear in wave 3
in Fig. 12 in the abrupt increasing frequency of steppe
climatic years. Whether these are periodic fluctuations or
unidirectional changes can only be decided after the inves-
tigation of much longer time series.

Here a hint is made to the exemplary comprehensive
study of the drought year of 1983 (Barath, Gyorffy and Har-
nos 1993). This year is an Atlantic-Submediterranean BSx"
steppe climate year type. The 8 stations of the affected area
had the following monthly mean precipitations: 22 mm, 40
mim, 29 mm, 24 mm, 47 mm, 51 mm, 24 mm, 40 mm, 46 mm,
30 mm, 29 mm, 10 mm. The annual precipitation was 411
mm. This precipitation curve is closest to that of the Madrid
reference station (cf. Fig. 5). This was the end of a 30-year
continental interval. The situation was aggravated by the fact

CARPATHIAN FORELAND (1891-1990)
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Figure 10. Carpathian Foreland, time sections of 100 years
(1891-1990).
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Figure 11. Budapest, 150 years (1841-1990), frequency of C
and D.

that the last year of this continental interval was a continental
steppe yeat.

Closing comments

It has to be mentioned that the overview of the data indi-
cated a loose perodicity of 11 years in steppe or reduced
precipitation years (BSxx", BSx", Bsf), which is, however,
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Figure 12. Budapest, 150 years (1841-1990), steppe years.

not so regular as the sun spot cycles. Comparing this with the
curve of the recently published four solar cycles (1945-1983:
solar cycles #18-21, Marik 1989), it is claimed that although
the marked frequency of steppe yeais does not coincide with
maximum solar activity, the intervals with abundant steppe
years closely coincide with intervals of increased solar ac-
tivity. Interestingly, drops in frequency are also coincident in
the two phenomena. This retationship could not be found in
the previous period but it is worth noting that solar activity
was at a much lower level (almost half of its intensity) in the
previous period. We believe that in a more quiet climate
period the influence of increased solar intensity could induce
a growing frequency of steppe years. In contrast, during
larger scale climate fluctuation other factors hide or ob-
literate the assumed impact of solar cycle.
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